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ABBREVIATIONS 


aq.  = aqueous 

atm.  = atmospheric  or  atmosphere(s) 
at.  vol.  = atomic  volume(s) 
at.  wt.  = atomic  weight(s) 

T°  or  °K  = absolute  degrees  of  temperature 
b.p.  = boiling  point(s) 

6°  = centigrade  degrees  of  temperature 
coeff.  = coefficient 

cone.  = concentrated  or  concentration 

dil.  = dilute 

eq.  = equivalent(s) 

f.p.  = freezing  point(s) 

m.p.  = melting  point(s) 

mol(s)  =/gram-molecule(s) 
v 1 \gram-molecular 

,,  x (molecule(s) 

mol(s)-=(molecular 

mol.  ht.  = molecular  heat(s) 

mol.  vol.  = molecular  volume(s) 

mol.  wt.  = molecular  weight(s) 

press.  = pressure(s) 

sat.  = saturated 

soln.  = solution  (s) 

sp.  gr.  = specific  gravity  (gravities) 

sp.  bt.  = specific  beat(s) 

sp.  vol.  = specific  volume(s) 

temp.  = temperature(s) 

vap.  = vapour 

In  the  cross  references  the  first  number  in  clarendon  type  is  the  number  of  the 
volume ; the  second  number  refers  to  the  chapter ; and  the  succeeding  number  refers  to  the 
“ §,”  section.  Thus  5.  38,  24  refers  to  § 24,  chapter  38,  volume  5. 

The  oxides,  hydrides,  halides,  sulphides,  sulphates,  carbonates,  nitrates,  and  phosphates 
are  considered  with  the  basic  elements  ; the  other  compounds  are  taken  in  connection  with 
the  acidic  element.  The  double  or  complex  salts  in  connection  with  a given  element  include 
those  associated  with  elements  previously  discussed.  The  carbides,  silicides,  titanides, 
phosphides,  arsenides,  etc.,  are  considered  in  connection  with  carbon,  silicon,  titanium,  etc. 
The  intermetallic  compounds  of  a given  element  include  those  associated  with  elements 
previously  considered. 

The  use  of  triangular  diagrams  for  representing  the  properties  of  three-component 
systems  was  suggested  by  G.  G.  Stokes  ( Proc . Boy.  Soc.,  49.  174,  1891).  The  method  was 
immediately  taken  up  in  many  directions  and  it  has  proved  of  great  value.  With  practice  it 
becomes  as  useful  for  representing  the  properties  of  ternary  mixtures  as  squared  paper  is  for 
binary  mixtures.  The  principle  of  triangular  diagrams  is  based  on  the  fact  that  in  an  equi- 
lateral triangle  the  sum  of  the  perpendicular  distances  of  any  point  from  the  three  sides  is 
a constant.  Given  any  three  substances  A,  B,  and  C,  the  composition  of  any  possible 
combination  of  these  can  be  represented  by  a point  in  or  on  the  triangle.  The  apices  of  the 
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triangle  represent  the  single  components  A,  B,  and  C,  the  sides  of  the  triangle  represent  binary 
mixtures  of  A and  B,  B and  C,  or  C and  A ; and  points  within  the  triangle,  ternary  mixtures. 
The  compositions  of  the  mixtures  can  be  represented  in  percentages,  or  referred  to  unity,  10, 
etc.  In  Fig.  1,  pure  A will  be  represented  by  a point  at  the  apex  marked  A.  If  100  be  the 
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standard  of  reference,  the  point  A represents  100  per  cent. 

of  A and  nothing  else;  mixtures 

containing  80  per  cent,  of  A 

are  represented  by  a point  on 

the  line  88,  60  per  cent,  of  A by  a 

point  on  the  line  66,  etc.  Similarly  with  B and  C — Figs.  3 and  2 respectively.  Combine 
Figs.  1,  2,  and  3 into  one  diagram  by  superposition,  and  Fig.  4 results.  Any  point  in  this 


Fig.  4. — Standard  Reference.  Triangle. 

diagram,  Fig.  4,  thus  represents  a ternary  mixture.  For  instance,  the  point  M represents  a 
mixture  containing  20  per  cent,  of  A,  20  per  cent,  of  B,  and  60  per  cent,  of  C. 


CHAPTER  LIX 


TELLURIUM 

§ 1.  The  History  and  Occurrence  of  Tellurium 

Up  to  near  the  end  of  the  eighteenth  century,  the  peculiar  mineral  known  as  white 
gold-ore  or  grey  gold-ore,  occurring  in  the  sandstone  near  Zalathna,  Transylvania, 
appears  to  have  been  considered  by  chemists  and  mineralogists  as  a kind  of  alloy 
of  antimony  and  bismuth.  One  variety  of  the  mineral  was  called  Gelberz,  Schrifterz, 
Blattererz,  or  bldtterige  Graugolderz  by  G.  A.  Scopoli ; 1 and  or  gris  lamelleux  by 

I.  Eques  a Born.  Later,  it  became  the  Nagyager  Erz  of  A.  G.  Werner  ; the 
Blattertellur  of  J.  F.  L.  Hausmann  ; and  the  nagyagite  of  W.  Haidinger.  Another 
variety,  Weissgolderz,  was  called  or  blanc  d’Offenbanya,  or  or  graphique,  or  aurum 
graphicum,  by  I.  Eques  a Born  ; prismatische  Weissgolderz  by  J.  E.  von  Fichtel ; 
and  aurum  bismuticum  by  J.  G.  Schmeisser.  The  Weissgolderz  was  afterwards 
called  sylvane  graphique  by  A.  J.  M.  Brochant ; Schriftellur  by  J.  F.  L.  Hausmann  ; 
Schrifterz  by  J.  Esmark ; sylvane  by  F.  S.  Beudant ; sylvanite  by  L.  A.  Necker ; and 
aurotellurite  by  J.  D.  Dana. 

C.  A.  Gerrard’s  analysis  gave  : 76  per  cent,  of  sulphur  and  bismuth,  18  per  cent,  of  gold, 
and  6 per  cent,  of  silver  ; while  A.  von  Ruprecht’s  analysis  gave  : gold,  11-6  ; silver,  2-33  ; 
lead  oxide,  25;  iron  oxide,  16-66;  arsenic  oxide,  100;  antimony  oxide,  2-08;  sulphur, 
41-66  per  cent. 

In  1782,  F.  J.  Muller  von  Reichenstein  2 showed  that  the  Weissgolderz  gave  no 
indication  of  the  presence  of  either  antimony  or  bismuth,  and  he  suspected  that  it 
contained  a new  metal,  which  he  called  metallum  problematicum  or  aurum  par adoxum. 
T.  Bergman  received  a sample  of  the  mineral,  and  examined  it  by  the  blow-pipe. 
He  said  that  the  metal  is  of  a different  nature  from  antimony,  but  he  did  not 
venture  to  give  a decided  opinion  ; although,  according  to  P.  Diergart,  T.  Berg- 
man concluded  that  F.  J.  Muller  von  Reichenstein  had  discovered  a new  element. 
About  1789,  P.  Kitaibel  also  suspected  the  presence  of  a new  element ; and,  a few 
years  later,  M.  H.  Klaproth  extracted  the  unknown  metal  and  observed  a number  of 
its  properties,  from  which  he  concluded  that  the  mineral  contains  a peculiar,  distinct 
metal  essentially  different  from  every  other  metallic  substance  hitherto  known ; 
and  he  added  that  since  these  properties  had  previously  been  described  in  the 
crude  mineral,  it  is  to  F.  J.  Muller  von  Reichenstein  that  the  merit  belongs  of 
having  first  suspected  in  Weissgolderz  a new  and  distinct  metal,  and  of  having 
demonstrated  its  probable  existence.  This  was  verified  by  J.  F.  Gmelin. 
M.  Tihavsky  tried  to  show  that  tellurium  and  antimony  are  the  same ; but  the 
attempt  was  abortive. 

Tellurium  occurs  in  only  a few  places  and  in  small  quantities ; it  is  less 
abundantly  distributed  than  any  other  element  of  the  sulphur  family.  It  rarely 
occurs  in  tbe  elemental  state,  and  it  is  present  only  in  tellurides  and  in  a few  oxidized 
ores.  According  to  F.  W.  Clarke  and  H.  S.  Washington,3  the  igneous  rocks  on  the 
earth’s  crust  contain  8 x 10~2  per  cent,  of  sulphur,  n x 10~8  per  cent,  of  selenium, 
and  ri  xlO-9  per  cent,  of  tellurium  ; and  tellurium  is  about  as  abundant  as  gold. 

J.  H.  L.  Vogt  gave  for  sulphur  6x10  2,  selenium  nXlO  9,  and  tellurium  nXlO-10 
per  cent.  W.  Vernadsky  gave  0-056  for  the  percentage  amount,  and  0-065  for  the 
atomic  proportion.  H.  A.  Rowland  4 failed  to  detect  the  lines  of  tellurium  in  the 
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solar  spectrum  ; and  the  subject  was  discussed  by  F.  E.  Baxendall.  According  to 
C.  E.  St.  John,  it  is  yet  uncertain  whether  or  not  tellurium  lines  occur  in  the  solar 
spectrum. 

The  occurrence  of  native  tellurium  at  Nagyag,  Transylvania,  was  discussed  by 
V.  R.  von  Zepharovich  ; 5 at  Oravicza,  Transylvania,  by  B.  von  Cotta  ; in  Ruda, 
Erzgebirge,  by  F.  Berwerth ; in  the  vicinity  of  Zalathna,  by  M.  H.  Klaproth,  W.  Petz, 
J.  Loczka,  V.  R.  von  Zepharovich,  L.  Tokody,  G.  Rose,  A.  Brezina,  H.  von  Foullon, 
and  G.  Benko  ; in  Asia  Minor,  by  G.  Cesaro  ; in  Colorado,  by  W.  P.  Headden, 
G.  Rolland,  B.  Silliman,  F.  A.  Genth,  G.  vom  Rath ; in  California,  by  D.  L.  Mathew- 
son,  G.  Kustel,  and  F.  A.  Genth  ; in  Chile,  by  E.  Bertrand  ; in  New  South  Wales,  by 
A.  Liversidge;  in  Western  Australia,  by  R.  W.  E.  Maclvor,  M.  Maryansky,  and 
A.  Frenzel ; and  in  the  Transvaal,  by  A.  Frenzel.  The  following  are  analyses  of 


some  native  tellurium  selected  from  these  reports  : 
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Tellurium  occurs  combined  with  gold,  silver,  bismuth,  and  many  other  metals. 
It  is  rather  a nuisance  in  certain  auriferous  districts  where  the  gold  and  silver 
ores  are  unfit  for  amalgamation,  etc.,  because  the  telluride  ores  do  not  give  up 
their  gold  to  mercury,  to  cyanide,  or  to  chlorine  ; the  ores  also  concentrate  badly  ; 
they  are  difficult  to  roast  on  account  of  their  low  m.p.  and  gold  is  lost  during  the 
removal  of  the  tellurium.  The  telluride  ores  are  smelted  either  with  lead  or  copper 
ores  which  act  as  a flux.  Large  amounts  of  tellurium  enter  the  copper  matte. 
The  mattes  are  then  bessemerized,  and  the  copper  refined  by  electrolysis.  The 
copper  contains  not  far  from  0-04  per  cent,  of  tellurium.  The  slimes  contain 
most  of  the  tellurium,  antimony,  caesium,  and  bismuth  together  with  silver  and 
gold.  The  chief  tellurium  minerals  are  the  tellurides ; and  the  oxidized  minerals 
are  represented  by  tellurous  acid,  the  tellurites  and  the  tellurates.  The  tellurides 
include  tellurium  bismuth  glance,  Bi2Te3  ; tetradymite,  Bi2Te2S ; wehrlile,  Bi7Te7Ag ; 
and  pilasonite,  Bi3Te2 — as  well  as  tbe  non-homogeneous  oruetite,  Bi2Te3.Bi2S3. 
There  are  also  joseite,  Bi3TeS  ; gruvlingitc,  Bi4S3Te  ; rickardite,  Cu4Te3 ; altaite, 
PbTe  ; melonite,  Ni2Te3  ; coloradoite,  HgTe  ; stutzile,  Ag4Te(monoclinic) ; hessite, 
Ag2Te(cubic)  ; emprcssite,  AgTe  ; petzite,  (Ag,Au)2Te ; muthmannite,  (Ag,Au)Te  ; 
sylvanite,  AuAgTe4  ; krennerite,  (Au,Ag)Te2  ; goldschmidtite,  Au2AgTe6  ; calaveritc, 
AuTe2  ; antamokite,  a gold  silver  telluride  ; nagyagite,  Au2Sb2Pb10Te6S15  ; talapitc, 
Bi(S,Te)3AG3 ; vondiestite,  (Ag,Au)5BiTe4  ; goldfieldite,  5CuS.(Sb,Bi,As)2(S,Te)  ; 
arsenotellurite,  Te2As2S7 ; coolgardite,  a mixture  of  coloradoite,  petzite,  calaverite, 
and  sylvanite  ; kalgoorlite,  a mixture  of  coloradoite,  petzite,  and  tellurium ; white 
tellurium,  an  antimonial  telluride  of  gold,  silver,  and  lead  ; and  likewise  also  Gelberz, 
and  mullerite ; and  lienryite,  a mixture  of  lead  telluride  and  pyrites.  The  oxidized 
minerals  include  the  tellurites — tellurite,  Te02  ; durdenite,  Fe2(Te03)3.4H20,  with  a 
little  selenium ; and  emmonsite,  a mixture  of  ferric  tellurite,  etc. — and  the  tellu- 
rates— montanite,  Bi(0H)2Te04  ; magnolite,  Hg2Te04  ; and  ferrotellurite,  FeTe04. 

According  to  A.  Cossa,6  tellurium  occurs  among  the  eruption  products  of  Vulcana, 
Lipari  Islands.  F.  Zambonini  and  L.  Coniglio  observed  it  amongst  the  products 
of  Vesuvius.  E.  Divers  and  T.  Shimidzu  found  0-17  per  cent,  of  tellurium  in  the 
orange-red  sulphur  of  Japan,  and  tellurium  was  also  found  in  the  chamber-mud  of 
the  sulphuric  acid  works  at  Osaka,  Japan.  D.  Playfair  observed  about  0-002  per 
cent,  of  tellurium  in  the  flue-dust  of  a furnace  roasting  Spanish  pyrites.  D.  Forbes  7 
reported  5-9  per  cent,  of  tellurium  in  the  native  bismuth  of  Bolivia ; F.  A.  Genth, 
0-042  per  cent. ; and  R.  Schneider,  0-14  per  cent.  The  presence  of  tellurium  in 
commercial  bismuth  preparations — e.g.  the  oxy  nitrate — was  discussed  by 
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J.  0.  Braithwaite,  E.  Isnard,  G.  Brownen,  M.  Reisert,  E.  A.  Letts,  Bonz  und  Sohne, 
etc.  The  gold  and  silver  ores  of  Colorado  and  other  American  States  were  dis- 
cussed by  C.  Whitehead,8  C.  Vincent,  H.  J.  Burkart,  F.  A.  Genth,  C.  Palache, 
W.  P.  Headden,  etc.  E.  Thomson  found  tellurium  in  Canada,  in  the  ores  of  Mont- 
bray,  Quebec.  C.  Rossler,  and  K.  B.  Heberlein  found  it  in  the  silver  ores  of  Spezia, 
Italy,  when  it  occurs  associated  with  platinum  telluride ; P.  Krusch,  and 
L.  J.  Spencer,  in  the  gold  ores  of  Kalgoorlie,  West  Australia  ; E.  Weckwarth,  near 
Quisque,  in  Peru  ; and  it  has  also  been  reported  in  the  gold  ores  of  Offenbanya, 
Siebenbiirgen.  K.  B.  Heberlein  found  tellurium  in  the  lead  ores  of  Tasmania,  and 
of  Spezia,  Italy ; and  C.  H.  Fulton,  T.  Egleston,  E.  Keller,  and  V.  Lenher,  in 
American  copper  ores.  A.  Schoep  found  up  to  0-67  per  cent,  tellurium  trioxide  in 
fourmarierite.  E.  Priwoznik,9  and  S.  Skowronsky  made  some  general  observations 
on  the  occurrence  of  tellurium. 
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§ 2.  The  Extraction  o!  Tellurium 

According  to  M.  H.  Klaproth,1  native  tellurium — containing,  say,  97  per  cent, 
of  tellurium  associated  with  iron,  gold,  and  sulphur — can  be  dissolved  in  aqua 
regia  ; the  soln.  diluted  with  as  much  water  as  can  be  added  without  producing  a 
precipitate,  and  treated  with  an  excess  of  potash-lye.  The  filtrate  is  neutralized 
with  hydrochloric  acid.  The  precipitated  tellurium  dioxide  is  washed,  dried,  mixed 
with  oil  or  with  one-tenth  its  weight  of  charcoal,  and  heated  in  a glass  retort.  The 
reduced  tellurium  is  found  partly  at  the  bottom  of  the  retort,  and  partly  as 
a sublimate. 

J.  J.  Berzelius  extracted  tellurium  from  tetradymitc — containing  approximately 
60  per  cent,  of  bismuth,  36  of  tellurium,  and  4 of  sulphur — by  making,  the  finely 
powdered  ore  into  a stiff  paste  with  sodium  and  potassium  carbonates  and  olive  oil ; 
and  heating  the  product,  in  a closed  porcelain  crucible,  gradually  to  carbonize 
the  oil,  and  afterwards  to  a white-heat.  The  object  here  is  to  separate  the  sulphur, 
selenium,  and  arsenic.  The  arsenic  volatilizes  and  the  sulphur  and  selenium  remain 
in  soln.  after  the  tellurium  has  been  precipitated  by  a current  of  air.  The  mass  is 
cooled  out  of  contact  with  air,  quickly  pulverized,  quickly  washed  with  air-free 
water,  and  a current  of  air  passed  through  the  filtrate  to  precipitate  the  tellurium. 
The  filtrate  containing  tellurium  sulphide  (and  selenide)  and  alkali  sulphide  is  treated 
with  hydrochloric  acid  to  precipitate  the  tellurium.  The  washed  tellurium  is  then 
fused,  and  distilled  in  a current  of  hydrogen  so  as  to  separate  it  from  the  gold,  iron, 
manganese,  and  copper.  F.  Becker  used  a similar  process.  A-  Schuller  said  that 
the  distillation  is  easily  conducted  in  vacuo.  F.  Wohler  found  that  the  vacuum 
distillation  in  hydrogen  removes  the  selenium  as  hydrogen  selenide ; and 
E.  Priwoznik,  that  the  selenium  is  similarly  removed  from  molten  tellurium  in  a 
current  of  hydrogen.  J.  J.  Berzelius  said  that  a trace  of  selenium  always  remains 
associated  with  the  tellurium  distilled  in  hydrogen.  F.  Stolba  treated  powdered 
tetradymite  with  hydrochloric  acid  to  remove  the  limestone  ; and  heated  the 
washed  residue  with  cone,  hydrochloric  acid,  with  the  gradual  addition  of  nitric 
acid,  until  the  residue  is  white.  As  much  water  was  added  to  the  cold  liquid  as 
could  be  done  without  the  separation  of  tellurium  ; iron  was  then  added  to  the 
filtered  soln.,  when  crude  tellurium,  containing  bismuth  and  copper,  was  precipitated. 
In  another  process,  the  powdered  mineral  was  heated  with  sulphuric  acid  of  sp.  gr. 
1-842  so  long  as  sulphur  dioxide  was  given  off.  The  liquid  was  diluted  with  water, 
and  the  tellurium  precipitated  from  the  filtrate  by  means  of  iron ; the  residual 
matter  was  treated  with  cone,  hydrochloric  acid,  and  tellurium  precipitated  from 
the  soln.  by  iron,  or  by  sodium  hydrosulphite.  The  tellurium  was  purified  by  dis- 
solution in  nitric  acid,  the  liquid  made  alkaline  with  soda-lye,  and  the  tellurium 
precipitated  by  glucose.  The  extraction  of  tellurium  from  bismuth  ores  was  dis- 
cussed by  E.  Matthey.  E.  Priwoznik,  F.  M.  Horn,  and  J.  Lowe  employed  modifica- 


TELLURIUM 


5 


tions  of  the  process  for  other  minerals  and  ores.  F.  M.  Horn  dissolved  the  ore 
from  the  Allerheiligen  Mine,  Siebenburg,  in  boiling  cone,  sulphuric  acid,  and  precipi- 
tated the  silver  with  hydrochloric  acid,  and  the  tellurium  by  zinc. 

J.  J.  Berzelius  obtained  tellurium  from  silver  telluride — containing  approximately 
35  per  cent,  of  tellurium,  46  to  61  of  silver,  and  1 to  18  of  gold — by  heating  the 
powdered  mineral  in  a current  of  chlorine,  when  silver  chloride,  and  volatile  tellu- 
rium tetrachloride  are  formed.  There  escapes  a mixture  of  sulphur,  selenium,  and 
antimony  chlorides.  The  tellurium  tetrachloride  is  dissolved  in  dil.  hydrochloric 
acid,  and  the  tellurium  precipitated  by  sodium  hydrosulphite.  The  tellurium  is 
purified  by  distillation  in  hydrogen.  J.  J.  Berzelius  also  obtained  tellurium  by  fusing 
the  powdered  ore  with  a mixture  of  potassium  nitrate  and  carbonate  in  a silver 
crucible  not  quite  to  redness.  When  the  black  mass  becomes  reddish-grey,  the  temp, 
is  increased  to  redness,  and  the  mass  allowed  to  cool.  It  is  then  lixiviated  with 
water,  and  filtered.  The  clear  liquid,  which  becomes  turbid  when  heated,  is 
evaporated  to  a small  vol.,  mixed  with  a large  proportion  of  powdered  charcoal, 
and  evaporated  to  dryness.  The  product  is  heated  in  a covered  crucible,  and  then 
treated  as  in  the  extraction  of  tellurium  from  tetradymite.  H.  Hess  employed  a 
somewhat  similar  process.  J.  J.  Berzelius  also  heated  the  native  silver  telluride 
with  cone,  nitric  acid — free  from  chlorine.  When  all  is  oxidized,  the  liquid  is 
evaporated  to  dryness  ; the  dry  mass  extracted  with  water ; and  the  residual 
tellurium  dioxide  mixed  with  sodium  carbonate  and  oil  as  in  the  extraction  of 
tellurium  from  tetradymite. 

P.  Berthier  obtained  tellurium  from  finely  powdered  nagyagite — containing 
approximately  30  per  cent,  of  tellurium,  and  50  per  cent,  of  lead  along  with  some 
gold,  copper,  antimony,  and  sulphur — by  repeatedly  boiling  with  cone,  hydro- 
chloric acid,  and  washing  with  boiling  water ; the  residue  was  treated  with  nitric 
acid,  and  the  decanted  liquid  evaporated  to  dryness  ; the  resulting  tellurium 
dioxide  was  dissolved  in  hydrochloric  acid,  and  the  tellurium  precipitated  with 
sulphurous  acid.  ■ P.  Berthier  also  fused  the  powdered  mineral  with  a mixture  of 
potassium  nitrate  and  carbonate,  and  precipitated  the  tellurium  from  the  acidified 
extract  by  means  of  iron.  F.  Stolba  extracted  the  powdered  mineral  with  hydro- 
chloric acid,  digested  the  residue  with  aqua  regia,  and  added  water  so  long  as  a 
precipitate — tellurium  dioxide  and  antimony  oxychloride — was  formed.  The  gold 
was  precipitated  from  the  filtrate  by  ferrous  sulphate,  and  the  tellurium  by  iron 
in  the  presence  of  a little  stannous  chloride.  The  mixture  of  tellurium  dioxide  and 
antimony  oxychloride  was  boiled  with  cone,  soda-lye,  and  the  tellurium  pre- 
cipitated from  the  alkaline  liquor  by  glucose.  According  to  B.  Brauner,  the  pre- 
cipitate obtained  by  diluting  the  above-indicated  soln.  with  water  may  also  contain 
basic  tellurites  which  are  not  completely  decomposed  by  the  boiling  soda-lye  ; if 
basic  copper  tellurite  is  formed,  some  copper  may  pass  into  soln.,  and  be  pre- 
cipitated as  cuprous  oxide  by  the  glucose.  E.  Donath,  and  L.  Kastner  used 
modifications  of  the  process.  J.  Farbaky  recommended  the  following  process  for 
extracting  tellurium  on  a large  scale  from  gold-tellurium  ores  : 

The  ore  is  slowly  thrown  into  boiling  cone,  sulphuric  acid,  when  lead,  copper,  zinc, 
tellurium,  and  also  a portion  of  the  silver  compounds  present  go  into  soln.,  gold  and  silicic 
acid  remaining  undissolved.  The  product  is  then  heated  with  water  containing  from 
10  to  15  per  cent,  of  hydrochloric  acid,  when  the  latter  precipitates  the  dissolved  silver  and 
dissolves  the  hydrated  tellurium  oxide  precipitated  by  the  water.  On  filtering,  a residue 
of  gold  and  silver  is  obtained  which  is  worked  up  separately.  Sulphur  dioxide  is  passed 
through  the  filtrate,  and  as  this  takes  place  in  sulphuric  or  hydrochloric  acid  soln.,  only 
tellurium  and  selenium  are  thrown  down.  This  residue  is  found  to  contain  from  72-85  per 
cent,  of  tellurium,  and  after  a repetition  of  the  process,  the  percentage  is  increased  to  97-98. 
The  crude  powder  is  melted  and  cast  in  moulds. 

A.  von  Schrotter  treated  impure  nagyagite  with  hydrochloric  acid  to  remove 
soluble  carbonates,  etc. ; and  afterwards  digested  with  aqua  regia — with  an 
excess  of  hydrochloric  acid  until  the  insoluble  residue  was  white.  Water,  and 
hydrochloric  acid  were  added  to  keep  the  tellurium  dioxide  in  soln.  The  liquid 
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was  filtered  from  the  silver  chloride,  and  the  soln.  treated  with  ferrous  sulphate, 
oxalic  acid,  or  glycerol  in  a neutralized  soln.,  to  remove  gold.  The  filtrate  was 
treated  with  sulphur  dioxide  whereby  scarlet-red  selenium  was  first  precipitated, 
and  afterwards  dark-grey  tellurium.  This  was  melted  under  a layer  of  sodium 
hydroxide.  E.  Priwoznik,  F.  M.  Horn,  H.  Schnitzler,  H.  Schwarz,  and  J.  Lowe 
used  modifications  of  this  process.  W.  Pethybridge  discussed  the  extraction  of 
tellurium  from  gold  ores. 

M.  Shimose  extracted  tellurium  from  chamber-mud  in  the  sulphuric  acid  works 
of  Osaka,  Japan,  by  digesting  it  with  a warm  soln.  of  potassium  cyanide  and  sodium 
carbonate ; the  mixture  was  diluted  with  water  and  boiled ; the  filtrate  was  strongly 
acidified  with  sulphuric  acid,  treated  with  a little  nitric  acid,  and  the  tellurium 
precipitated  as  sulphide  by  a current  of  hydrogen  sulphide.  The  yellow  sulphuric 
acid  from  the  chambers  was  treated  in  a similar  manner.  The  precipitates  were 
melted  with  potassium  cyanide,  and  the  tellurium  precipitated  from  an  aq.  soln. 
of  the  melted  mass  by  the  passage  of  a current  of  air.  C.  Whitehead  said  that  the 
slimes  obtained  in  the  electrolytic  refining  of  copper  may  contain  much  tellurium. 
The  slimes  are  digested  with  hydrochloric  acid,  and  the  resulting  soln.  is  decanted 
from  the  insoluble  siliceous  matters,  and  poured  into  water.  Tellurium  dioxide, 
along  with  some  antimony  oxychloride,  is  precipitated.  The  precipitate  is  dissolved 
in  cone,  hydrochloric  acid  and  treated  with  sulphur  dioxide  when  a red  precipitate, 
consisting  largely  of  selenium,  separates  out ; the  filtrate  is  diluted  and  again  treated 
with  sulphur  dioxide  when  the  tellurium  is  precipitated.  The  tellurium  can  be 
further  purified  by  fusion  with  potassium  cyanide  when  potassium  telluride  K2Te 
is  formed.  A current  of  air  is  passed  through  the  aq.  soln.  2K2Te-}-2H20+02 
=4KOH+2Te.  The  precipitated  tellurium  is  then  fused  and  distilled  in  a current 
of  hydrogen.  Several  of  the  tellurium  ores  can  be  treated  with  acid  in  a similar 
way,  or  fused  with  potash  or  soda,  or  with  a mixture  of  sodium  carbonate  and 
potassium  nitrate.  In  the  case  of  the  alkali  fusion,  the  tellurate  is  extracted  with 
water,  treated  with  hydrochloric  acid,  and  afterwards  with  sulphur  dioxide,  when 
glucose  or  sugar  precipitates  tellurium  from  soln.  of  alkali  tellurates.  Observations 
on  this  subject  were  made  by  E.  Keller,  Y.  Lenher,  A.  T.  von  Gersdorff  and 
W.  L.  Kolreuter,  A.  Wehrle,  and  F.  D.  Crane.  The  extraction  of  tellurium  from 
lead  and  silver  ores  was  discussed  by  K.  B.  Heberlein. 

P.  Hulot  fused  the  tellurate  with  potassium  nitrate,  and,  on  extracting  the  cold 
mass  with  water,  there  remained  insoluble  potassium  tellurate,  K2Te40j3,  which 
furnishes  tellurium  when  suspended  in  water  and  reduced  with  nascent  hydrogen 
from  zinc  and  hydrochloric  acid,  or  aluminium  and  alkali-lye.  • 

R.  W.  E.  Maclvor  found  that  when  the  vapour  of  sulphur  monochloride  is  passed 
over  tellurium  minerals — native  tellurium,  calcinite,  etc.— the  tellurium  is 
volatilized  as  the  tetrachloride.  The  solid  is  washed  with  carbon  disulphide, 
dissolved  in  hydrochloric  acid,  and  the  tellurium  precipitated  by  potassium 
hydrosulphite. 

According  to  A.  Gutbier,  the  above  described  methods  of  purification  furnish 
crude  tellurium  contaminated  with  foreign  metals — copper,  silver,  gold,  zinc,  arsenic, 
antimony,  bismuth,  iron,  etc. — as  well  as  by  sulphur,  selenium,  silica,  etc.  Owing 
to  the  anomaly  in  the  at.  wts.  of  iodine  and  tellurium — 1.  6,  6 — tellurium  has  been 
tortured  in  numerous  ways  in  order  to  find  if  the  presence  of  a small  proportion 
of  some  unsuspected  impurity  would  account  for  the  discrepancy.  The  element 
was  obdurate — the  results  were  nugatory.  The  impurities  in  selenium  were 
removed  by  converting  the  selenium  to  the  dioxide  and  heating  the  product  nearly 
to  its  m.p.  in  air,  when  all  but  a trace  of  the  selenium  is  volatilized  as  the  dioxide  ; 
the  sulphur  and  selenium  can  be  removed  by  oxidizing  the  elements  to  telluric  acid, 
etc.,  adding  barium  chloride  to  precipitated  barium  sulphate  and  selenate.  H.  Rose 
removed  sulphur  by  heating  the  mixture  with  aqua  regia,  evaporating  with  hydro- 
chloric acid,  and  precipitating  the  tellurium  by  sulphur  dioxide.  H.  Rose  also 
melted  the  crude  tellurium  with  potassium  cyanide  in  an  atm.  of  hydrogen — - 
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potassium  teliuride,  selenocyanate,  and  sulphocyanate  are  formed.  The  telluride 
is  then  treated  as  indicated  below  for  crude  tellurium.  A.  Oppenheijn  observed 
that  when  the  crude  tellurium  is  heated  on  a water-bath  with  a soln.  of  potassium 
cyanide,  only  a little  tellurium,  but  all  the  sulphur  and  selenium,  pass  into  soln. 
Hydrochloric  acid  added  to  the  soln.  precipitates  the  selenium.  A current  of  air 
passed  through  the  soln.  converts  the  tellurium  into  alkali  tellurite  and  the  soln., 
when  treated  with  sulphur  dioxide,  gives  a precipitate  of  tellurium.  H.  Rose,  and 
M.  Shimose  added  that  tellurium  is  only  slightly  attacked  by  a boiling  soln.  and  it 
passes  into  soln.  in  a form  not  precipitable  by  air,  or  by  a hot  soln.  of  potassium 
hydroxide  and  glucose,  but  which,  like  selenium,  is  precipitable  by  hydrochloric 
acid.  A.  von  Schrotter,  E.  Priwoznik,  C.  Alexi,  and  M.  Shimose  said  that  when  a 
cone,  hydrochloric  acid  soln.  is  treated  with  sulphur  dioxide,  the  selenium  is  first 
precipitated,  and  this  is  followed  by  grey  tellurium.  The  process  was  discussed 
by  J.  J.  Berzelius,  E.  Priwoznik,  and  A.  von  Schrotter.  This  subject  has  been  dis- 
cussed by  E.  Keller,  and  his  results  are  summarized  in  Figs.  1 and  2 of  the  preceding 
chapter.  F.  D.  Crane  replaced  the  sulphur  dioxide  by  hydrazine,  hydroxylamine, 
or  magnesium,  but  P.  Kothner  said  that  these  precipitants  offer  no  advantages  over 
sulphur  dioxide.  E.  Divers  and  M.  Shimose  worked  with  sulphuric  in  the  place  of 
hydrochloric  acid.  They  said  that  selenium  and  tellurium  are  sharply  distinguished 
from  each  other  in  their  behaviour  towards  sulphur  dioxide  in  the  presence  of 
sulphuric  acid,  and  absence  of  hydrochloric  acid.  With  precautions  easy  to  be 
observed,  the  whole  of  the  selenium  is  precipitated  without  a trace  of  the  tellurium 
accompanying  it.  The  sulphur  dioxide  soln.  must  be  added  to  the  undiluted  or 
very  slightly  dil.  soln.  of  the  oxidized  elements  in  cone,  sulphuric  acid.  Some 
dilution  of  the  sulphuric  acid  is  indeed  necessary,  as  the  precipitation  of  the 
selenium  is  incomplete  without  it,  but  this  is  most  safely  and  simply  effected  by  the 
sulphur  dioxide  soln.  itself.  H.  Rose  said  that  the  precipitation  by  sulphur  dioxide 
in  the  presence  of  sulphuric  acid  alone  is  imperfect,  but,  added  E.  Divers  and 
M.  Shimose,  this  is  only  the  case  when  the  cone,  of  the  sulphuric  acid  is  too  low.  In 
the  sulphuric  acid  process,  the  crude  tellurium  is  heated  with  cone,  sulphuric  acid 
to  form  a colourless  soln.,  and  until  no  more  sulphur  dioxide  is  evolved  ; four  vols. 
of  sulphurous  acid  are  added,  and  only  the  selenium  is  precipitated.  The  soln.  is 
warmed  on  a sand-bath,  diluted  and  filtered.  The  tellurium  is  then  precipitated 
from  the  filtrate  by  adding  hydrochloric  acid,  and  passing  a current  of  sulphur 
through  the  liquid.  M.  Shimose  said  that  when  an  alkaline  tellurite  soln.  is  boiled 
with  glucose,  the  tellurium  is  first  precipitated  and  afterwards  the  selenium. 
F.  Stolba  made  some  observations  on  this  subject. 

B.  Brauner  purified  tellurium  by  dissolving  it  in  hydrochloric  acid  mixed  with 
as  little  nitric  acid  as  possible,  and  removing  the  nitric  acid  by  repeated  evapora- 
tion with  hydrochloric  acid.  The  soln.,  at  60°  to  70°,  is  treated  with  sulphur  dioxide 
to  precipitate  the  selenium  and  tellurium  which  may  be  contaminated  with  lead  or 
copper.  The  dry  product  is  fused  with  five  times  its  weight  of  potassium  cyanide 
in  an  atm.  of  hydrogen  to  protect  it  from  air.  The  cold  mass  is  extracted  with 
water,  and  a current  of  air  passed  through  the  claret-red  soln.  of  potassium  telluride. 
The  washed  and  dried  precipitate  of  tellurium  is  distilled  in  a current  of 
hydrogen. 

According  to  P.  Kothner,  tellurium  may  be  separated  from  its  common  impurities 
(copper,  silver,  gold,  bismuth,  antimony,  arsenic,  and  selenium)  by  dissolving  the 
crude  substance  in  hydrochloric  acid  containing  a little  nitric  acid,  evaporating  off 
the  excess  of  the  latter  reagent,  diluting  the  cooled  soln.  with  water  until  the  deep 
yellow  colour  of  tellurium  tetrachloride  disappears,  filtering  from  the  precipitate 
of  silver  chloride  and  the  oxychlorides  of  antimony  and  bismuth,  and  treating  the 
warm  filtrate  with  sulphur  dioxide.  The  treatment  is  repeated,  and  by  fractional 
precipitation  two  or  three  times,  and  collecting  the  middle  fraction,  pure  tellurium 
is  obtained.  The  first  fractions  contain  arsenic,  whilst  the  third  fraction  shows 
traces  of  copper  and  gold.  The  element  may  be  obtained  in  a crystalline  form  by 
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passing  sulphur  dioxide  into  a hot  soln.  of  the  tetrachloride  in  cone,  hydrochloric 
acid  (20-3  per  cent.)  ; the  crystals  being  opaque  with  a silvery  lustre. 

L.  Staudenmaier  obtained  tellurium  of  a high  degree'of  purity  by  dissolving  freely 
powdered  crude  tellurium  in  dil.  nitric  acid  ; evaporating  the  soln.  with  confc.  nitric 
acid,  and  filtering.  The  tellurium  is  then  precipitated  with  sulphur  dioxide,  and 
washed  with  hydrochloric  acid  and  water.  It  is  then  dissolved  in  an  excess  of  dil. 
nitric  acid,  and  a slight  excess  of  chromic  acid  is  added.  The  soln.  is  evaporated  for 
crystallization,  with  the  crystals  washed  with  nitric  acid  and  dissolved  in  a small 
quantity  of  water.  The  soln.  is  treated  with  a few  drops  of  alcohol  to  reduce  any 
chromic  acid  remaining,  and  precipitated  by  the  addition  of  nitric  acid.  Finally,  the 
product  is  dissolved  in  water  and  evaporated  to  dryness  on  the  water-bath — telluric 
acid  remains.  This  reduces  to  tellurium  dioxide  when  heated,  and  it  can  be  reduced 
to  tellurium  by  heating  it  in  hydrogen,  or  by  the  action  of  sulphur  dioxide. 
P.  Kothner  said  that  this  product'still  contains  spectroscopic  traces  of  copper  and 
silver. 

D.  Klein  and  L.  Morel  dissolved  the  tellurium  in  cone,  nitric  acid,  and  evaporated 
the  soln.  for  crystallization.  The  basic  nitrate  crystallizes  out  leaving  the  other 
metal  nitrates  in  soln.  The  product  after  washing  with  hot  water,  is  heated  to  form 
tellurium  dioxide.  This  is  dissolved  in  hydrochloric  acid,  and  the  tellurium 
precipitated  with  sulphur  dioxide.  J.  F.  Norris,  H.  Fay  and  D.  W.  Edgerly  dis- 
solved the  oxide  obtained  from  the  purified  basic  nitrate  in  hydrochloric  acid,  pre- 
cipitated the  tellurium  with  sulphur  dioxide,  and  distilled  the  resulting  metal. 
P.  Kothner  said  that  the  basic  nitrate  is  conveniently  prepared  by  dissolving 
small  quantities  of  tellurium  in  a slight  excess  of  nitric  acid  and  evaporating  the 
soln.  obtained  from  several  experiments.  In  this  way,  the  separation  of  tellurium 
is  reduced  to  a minimum.  This  salt,  however,  even  after  repeated  crystallization, 
still  contains  traces  of  silver  and  copper.  According  to  P.  Kothner,  tellurium  can 
be  separated  from  all  other  elements  except  antimony  by  distillation  in  a vacuum, 
and  since  this  element  is  removed  in  purifying  the  basic  nitrate,  it  follows  that  a 
combination  of  the  two  processes  should  lead  to  the  production  of  pure  tellurium. 
The  product  obtained  by  reducing  the  recrystallized  nitrate  with  sulphur  dioxide 
is  distilled  under  9-12  mm.  press,  in  a tube  divided  into  segments  by  asbestos 
partitions.  After  repeated  distillation  through  three  or  four  of  these  com- 
partments a specimen  is  obtained  which  is  quite  free  from  impurities. 
G.  W.  As  Kahlbaum  and  co-workers,  and  F.  Krafft  and  L.  Merz  also  purified  the 
element  by  distillation  in  vacuo.  K.  B.  Heberlein  treated  the  crude  tellurium  with 
nitric  acid  (or  aqua  regia  or,  if  lead  was  present,  with  boiling  cone,  sulphuric  acid), 
and  added  an  excess  of  aq.  ammonia — the  lead,  bismuth,  iron,  etc.,  are  precipitated 
as  tellurites,  and  the  filtrate  was  treated  with  an  ammoniacal  soln.  of  an  ammonium 
magnesium  salt.  White  magnesium  tellurite  was  precipitated.  The  washed 
precipitate  was  dissolved  in  a little  hydrochloric  acid,  and  reprecipitated  by  aq. 
ammonia.  The  tellurium  was  precipitated  from  the  hydrochloric  acid  soln.  of  this 
product  by  sulphur  dioxide.  R.  Schelle  boiled  the  crude  tellurium  with  powdered 
sulphur  and  a soln.  of  sodium  sulphide,  and  added  sodium  sulphite  when  a greyish  - 
black  precipitate  of  pure  tellurium  was  obtained.  Selenium,  arsenic,  tin,  gold,  and 
platinum  are  not  precipitated  by  this  method,,  but  copper  is  removed  by  the 
initial  treatment  with  sodium  sulphide.  F.  Krafft  and  R.  K.  Lyons  prepared 
diphenyl  telluride,  Te(06H5)2,  by  treating  tellurium  with  diphenyl  mercuride. 
0.  Steiner  purified  this  product  by  fractional  distillation  in  vacuo.  G.  Pellini  con- 
verted the  purified  diphenyl  telluride  into  dibromide  which  was  then  purified  by 
recrystallization  from  benzene  ; the  dibromide  was  converted  into  telluric  acid  ; 
this  was  reduced  to  tellurium,  and  the  product  distilled  in  vacuo. 

C.  Himly  used  an  electrolytic  process  for  purification.  The  cathode  was  made 
by  dipping  a platinum  wire  into  molten  tellurium  ; and  it  was  surrounded  by  a 
woollen  or  linen  bag ; the  anode  was  of  platinum  ; the  electrolyte,  dil.  potash-lye. 
The  potassium  telluride  formed  at  the  cathode  is  oxidized  to  tellurite  by  the  oxygen 
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at  the  anode.  According  to  C.  Whitehead,  tellurium  is  readily  deposited  by  an 
electric  current  either  from  an  acid  or  alkaline  Soln.  It  has  been  found  possible 
to  separate  tellurium  from  copper  by  adding  an  excess  of  sodium  hydroxide  and 
about  3 grms.  of  potassium  cyanide  for  each  grm.  of  copper  present,  and  passing 
an  electric  current  through  the  soln. ; the  tellurium  is  thrown  down  as  a black, 
non-adherent  precipitate  which  can  readily  be  filtered  off  ; the  soln.  can  then  be 
slightly  acidified  with  sulphuric  acid  and  the  copper  estimated  in  the  usual  way  by 
electrolysis.  According  to  F.  C.  Mathers  and  H.  L.  Turner,  tellurium  can  be 
deposited  from  a soln.  of  300  grms.  of  tellurium  dioxide  (49-6  per  cent.  Te02  and 
46-1  per  cent.  Na2Te03),  500  grms.  of  48  per  cent,  hydrofluoric  acid,  and  200  grms. 
of  sulphuric  acid  per  litre,  using  1-6  amp.  per  sq.  dm.  at  a lead  cathode  at  ordinary 
temp.  The  tellurium,  anode  dissolved  and  the  0-9  per  cent,  of  selenium  remained 
in  the  slimes.  The  deposited  tellurium  is  light  grey  and  brittle.  The  deposits 
are  less  satisfactory  if  hydrochloric  acid  be  substituted  for  hydrofluoric  acid. 

J.  J.  Berzelius  2 referred  to  the  blue  liquid  containing  finely-divided  tellurium 
which  is  obtained  when  a very  dil.  soln.  of  potassium  telluride  is  exposed  to  air ; 
and  B.  Brauner,  to  the  blue,  greenish-blue,  or  violet  liquid  obtained  by  the  action 
of  sulphurous  acid  on  a hydrochloric  acid  soln.  of  tellurium  dioxide.  A.  Gutbier 
obtained  colloidal  tellurium  by  reducing  a dil.  soln.  of  tellurous  or  telluric  acid  by 
means  of  hydrazine  hydrate,  phenylhydrazine,  hydroxylamine  hydrochloride, 
hypophosphorous  acid,  sulphurous  acid,  sodium  hydrosulphite.  If  the  reduction 
occurs  in  the  presence  of  gum  arabic,  or  an  extract  of  the  seeds  of  Planlago  psyllium, 
the  hydrosol  is  ausserordentlich  bestandig.  L.  Lilienfeld  used  gelatin,  gum  arabic, 
and  proteins  as  protective  colloids.  A.  Gutbier  and  F.  Resenscheck  found  that 
when  an  aq.  soln.  of  telluric  acid  containing  potassium  cyanide  is  electrolyzed  with 
a current  of  0-5  amp.,  the  soln.  gradually  becomes  brownish-violet  owing  to  the 
formation  of  tellurium  in  the  hydrosol  form ; as  the  electrolysis  is  continued,  the 
tellurium  separates  as  a flocculent  precipitate.  When  ammonium  oxalate  is  sub- 
stituted for  potassium  cyanide,  the  steel-blue  hydrosol  of  tellurium  is  first  of  all 
formed.  By  dialysis,  the  new  brownish-violet  hydrosol  form  may  be  obtained 
in  brilliantly-coloured  soln.,  which  are  not  decomposed  after  six  months.  Accord- 
ing to  C.  Paal  and  C.  Koch,  the  brown  modification  of  colloidal  tellurium  is  easily 
obtained  by  warming  an  alkaline  aq.  soln.  of  telluric  acid,  containing  protalbic  or 
lysalbic  acid,  with  hydrazine  hydrate  on  the  water-bath  ; in  neutral  or  alkaline  soln., 
containing  sodium  protalbate  or  lysalbate,  telluric  acid  is  reduced  by  hydroxylamine 
only  on  boiling,  as  is  tellurium  dioxide  by  hydrazine  hydrate  ; in  these  cases,  the 
brown  modification,  at  first  formed,  changes  into  the  blue  as  the  boiling  proceeds. 
A.  Gutbier  and  F.  Resenscheck’s  brownish-violet  tellurium  hydrosol  is  probably 
a mixture  of  the  brown  and  blue  modifications.  As  in  the  case  of  colloidal  selenium, 
the  liquid  hydrosols  of  tellurium,  containing  sodium  protalbate  or  lysalbate,  are 
very  stable,  and,  on  careful  evaporation,  yield  the  solid  hydrosols,  which  are  soluble 
in  water  and  remain  unchanged  when  heated  to  100°  in  vacuo.  On  addition  of 
acetic  acid  to  the  liquid  hydrosols,  the  solid  hydrosols  containing  protalbic  or 
lysalbic  acid  are  precipitated  ; these  contain  upwards  of  80  per  cent,  of  tellurium, 
and  are  very  stable  when  protected  from  the  atm.  oxygen,  the  brown  modification 
retaining  its  solubility  after  three  years.  P.  P.  von  Weimarn  and  B.  V.  Maljishefi 
obtained  colloidal  tellurium  by  adding  0-1  grm.  of  the  element  to  5 c.c.  of  a boiling 
soln.  of  potassium  hydroxide,  sat.  at  the  ordinary  temp.,  and  adding  the  soln.  of  the 
metal  thus  formed  to  1000  c.c.  of  cold  water,  the  mixture  being  stirred  vigorously. 
The  stability  of  the  colloidal  tellurium  soln.  depends  directly  on  the  peptization 
processes,  and  can  be  greatly  increased.  The  soln.  can  also  be  made  more  stable 
by  the  addition  of  gelatin  or  similar  substances.  C.  Levaditi  found  that  a 30  per 
cent.  aq.  soln.  of  dextrose  added  to  a 5 per  cent.  aq.  soln.  of  sodium  tellurite,  and 
heated  to  boiling  for  half  an  hour,  furnishes  colloidal  tellurium. 

G.  Bredig  obtained  a colloidal  soln.  of  tellurium  by  the  cathodic  spluttering  of 
the  element.  E.  Muller  and  R.  Lucas  found  that  with  an  applied  e.m.f.  of  four  or 
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more  volts,  in  water,  a tellurium  cathode  loses  weight,  and  yields  a colloidal  soln. 
of  tellurium.  The  very  dil.  soln.  are  reddish-violet  in  colour,  the  more  cone.  soln. 
are  brown  and  opaque.  The  tellurium  goes  into  soln.  with  an  apparent  valency  of 
about  1*2,  which  indicates  that  the  pulverization  is  not  merely  mechanical.  The 
dissolution  is  independent  of  the  presence  of  oxygen  in  soln.  and  is  therefore  not  due 
to  oxidation  of  tellurium  hydride.  No  hydrogen  is  evolved  at  the  tellurium  cathode. 
The  phenomena  may  be  explained  by  assuming  that  the  tellurium  goes  into  soln. 
in  the  form  of  the  Te'-ion,  which  then  passes  into  bivalent  tellurium  ions  either  by 
direct  assumption  of  a second  charge  from  the  electrode  or  by  the  reaction  2Te' 
=Te+Te".  In  alkaline  soln.,  the  pulverization  takes  place  also,  but  alkali  poly- 
tellurides  are  also  formed.  In  acidic  soln.,  hydrogen  is  evolved  and  only  a trace 
of  pulverization  can  be  observed,  the  discharge  potential  of  hydrogen  in  the  acidic 
soln.  being  lower  than  that  required  for  the  dissolution  of  tellurium.  A.  Gutbier 
and  B.  Ottenstein  prepared  a sol  of  tellurium  by  reducing  telluric  acid  with  dextrose 
in  the  presence  of  ammonia.  The  presence  of  tellurous  acid,  and  absorbed  dextrose, 
even  after  dialysis,  probably  makes  the  sol  very  stable.  They  also  obtained  a purple 
colour  by  depositing  the  colloid  in  stannic  hydroxide.  E.  Fouard  obtained  colloidal 
tellurium  by  electrolyzing  a soln.  of  a salt  of  the  metal  containing  a pure  organic 
colloid  (albumin,  starch,  or  gelatin)  with  a current  of  a few  milliamperes.  At  the 
cathode  the  metal  ions  are  neutralized  by  the  repelled  negatively-charged  colloid 
micelles.  A colloidal  organo-metallic  complex  is  thus  formed.  The  anode  is 
separated  by  immersion  in  a collodion  cell  rendered  semi-permeable  by  precipitated 
copper  ferrocyanide.  The  cathode  should  be  a bad  conductor,  so  as  to  reduce  the 
frequency  with  which  formation  of  the  complex  occurs  on  the  cathode.  The 
flocculation  of  the  colloidal  soln.-  by  boiling  or  by  the  addition  of  electrolytes  was 
studied  by  A.  Gutbier,  C.  Paal  and  C.  Koch,  W.  Biltz,  J.  J.  Doolan,  etc.  S.  Utzino 
observed  that  the  maximum  stability  of  colloidal  tellurium  ground  in  the  so-called 
colloid  mill,  is  not  necessarily  obtained  with  the  finest  subdivision.  R.  Auerbach 
studied  the  coloured  soln.  of  tellurium  in  sulphuric  acid — vide  infra,  oxysulphates. 
A.  Gutbier  and  B.  Ottenstein  said  that  the  colloidal  particles  are  negatively  charged. 
W.  Reinders  discussed  the  distribution  of  the  colloid  between  two  liquid  solvents. 
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§ 3.  The  Physical  Properties  of  Tellurium 

J.  J.  Berzelius  1 described  tellurium  cooled  from  the  molten  state,  as  a tin- 
white  crystalline  mass  with  a metallic  lustre,  and  added  that  it  is  brittle  and  easily 
powdered  ; and  R.  Schelle  added  that  after  fusion  tellurium  is  silver-white,  and  if 
fused  in  sodium  hydrosulphate,  and  cooled  in  carbon  dioxide,  a crystalline  star 
resembling  that  of  antimony  is  formed.  A.  W.  Wright  said  that  a thin  film  is  dull 
purple ; and  D.  Gernez,  that  the  - vapour  is  golden-yellow  or  orange-yellow. 
G.  Magnus  said  that  tellurium  usually  occurs  massive — columnar  or  granular — dark 
grey  or  black  in  colour.  J.  C.  L.  Schroder  van  der  Kolk  said  that  the  streak  of 
tellurium  is  reddish  violet-grey.  When  precipitated  by  the  action  of  air  on  a dil.  soln. 
of  potassium  telluride,  by  the  addition  of  water  to  a cone,  sulphuric  acid  soln.,  or  by 
the  action  of  sulphur  dioxide  on  a soln.  of  a tellurite,  it  furnishes  a brown  powder. 
N.  W.  Fischer  observed  that  the  tellurium  precipitated  by  metals— e.g.  zinc,  tin, 
iron,  etc.— from  a soln.  of  tellurium  dioxide  in  hydrochloric  acid  as  a black  powder, 
which  has  a metallic  lustre  when  rubbed  with  a burnishing  tool ; if  precipitated  by 
lead,  the  tellurium  is  dendritic.  D.  Bel- 
jankin  said  that  tellurium  precipitated 
from  alkaline  soln.  consists  of  micro- 
scopic rhombohedra.  L.  P.  Sieg  said 
that  a film  of  spluttered  tellurium 
probably  consists  of  crystals  few  or 
many  in  number.  W.  Phillips  made 
some  observations  on  the  natural 
crystals,  and  G.  Rose  showed  that  the 
natural  crystals  are  trigonal  with  the 
axial  ratios  a : c— 1 : 1-3298  ; and  ob- 
servations were  made  by  A.  Breithaupt, 

F.  A.  Genth,  L.  Tokody,  G.  vom  Rath,  A.  des  Cloizeaux,  J.  Loczka,  H.  von 
Foullon,  and  G.  Rolland.  C.  Haushofer,  and  F.  Foilque  and  A.  Michel-Levy, 
described  the  sublimed  crystals  as  rhombohedra,  and  G.  W.  A.  Kahlbaum,  as 
hexagonal  prisms.  G.  Rose,  and  C.  W.  Zenger  said  that  the  crystals  obtained  by 
freezing  the  molten  metal  are  rhombohedra.  J.  Margottet  gave  a\c— 1 : 1-33595 
for  the  axial  ratio  of  the  artificial  crystals.  G.  Rose  represented  the  hexagonal 
prisms  of  the  natural  crystals  by  Fig.  1,  and  the  crystals  may  also  be  acicular  and 
those  obtained  from  soln.  of  potassium  or  ammonium  telluride  are  also  needle-like, 
Fig.  2. 

The  crystals  show  signs  of  twinning.  The  (211)-cleavage  is  complete,  and  the 


Fig.  1.— Natural 
Crystal. 


Fig.  2. — Crystal  precipi- 
tated from  Potassium 
Telluride. 
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(111)  cleavage  is  incomplete.  L.  P.  Sieg  found  that  a spluttered  tungsten  film  has 
a crystalline  structure.  The  X -radiograms  obtained  by  A.  J.  Bradley  corresponded 
with  crystals  having  a space-lattice  with  a simple  trigonal  structure  having  inter- 
axial  angles  almost  90°  in  which  each  atom  is  slightly  displaced  towards  two  of  the 
six  adjacent  atoms.  This  furnishes  a threefold  spiral  composed  of  three  inter- 
penetrating simple  triangular  lattices — vide  selenium.  M.  K.  Slattery  found 
that  both  elements  crystallize  in  a simple  triangular  lattice  with  3 atoms  associated 
with  each  point  of  the  lattice.  The  side  a of  the  basal  triangle  is  4-44  A. ; the  height, 
h,  is  5-912  A.  ; the  axial  ratio,  c,  1-33,  ai;d  the  density,  6-25.  The  arrangement  of 
the  atoms  in  the  space-lattice  about  the  prism  edge,  h,  forms  an  ascending  helix, 
with  a threefold  symmetry,  so  that  each  atom  is  exactly  above  the  third  atom  below 
in  the  same  helix.  The  X-radiogram  does  not  distinguish  between  a right-  and  left- 
handed  screw.  The  prisms  edge  is  thus  a screw-axis  ; and  the  interactions  of  the 
screw-axis  with  the  basal  plan,  form  t„he  unit  basal  triangles.  The  radius  of  the 
helix  is  1-20  A.,  so  that  this  represents  the  distance  from  the  centre  of  each  atom  to 
the  axis  of  the  helix.  The  shortest  distance  between  the  atoms  in  the  same  helix. 
2-86  A.,  is  less  than  3-46  A.,  the  shortest  distance  between  atoms  in  diflerent  helices. 
This  means  that  the  atoms  in  the  same  helix  are  held  together  by  cohesive  forces 
much  greater  than  those  binding  atoms  in  different  helices,  and  that  the  crystal  is 
harder  in  the  direction  of  the  screw  axis  than  perpendicular  to  it.  . The  uniqueness 
of  this  axis  was  emphasized  by  A.  J.  Bradley,  and  R.  F.  Mehl  and  B.  J.  Mair,  who 
showed  that  it  accounts  for  many  of  the  directional  properties,  of  the  two  elements, 
and  that  crystallization  is  probably  preferential  along  this  line.  This  was  shown 
to  be  the  case  by  P.  W.  Bridgman,  who  found  that  the  trigonal  or  screw  axis  lies 
longitudinally  in  the  casting — vide  infra.  S.  von  Olshausen,  and  G.  Wassermann 
made  some  observations  on  this  subject ; the  data  were  also  summarized  by 
P.  P.  Ewald  and  C.  Hausmann.  W.  Hume-Rothery  studied  the  lattice-constants 
of  the  elements. 

It  is  not  probable  that  isomorphism  exists  between  tellurium  and  arsenic, 
antimony,  and  bismuth  ; but  tellurium  is  isomorphous  with  the  trigonal  form  of 
selenium.  The  isomorphism  with  selenium  was  discussed  by  G.  Rose,  C.  F.  Rammels- 
berg,  P.  Groth,  W.  Muthmann,  etc.  J.  W.  Retgers  studied  the  isomorphism  of 
sulphur,  selenium,  and  tellurium,  and  concluded  that  while  sulphur  and  selenium 
showed  complete  crystal  similarity,  tellurium  was  isomorphous  with  neither  element. 
No  isomorphous  mixtures  are  formed  between  potassium  tellurate  on  the  one  hand, 
and  with  potassium  sulphate,  selenate,  chromate,  molybdate,  tungstate,  manganate, 
or  ferrate  on  the  other  hand.  Nor  could  J.  F.  Norris  and  W.  A.  Kingman  prepare 
isomorphous  hydroselenates  and  hydrotellurates.  The  only  case  of  isomorphism 
known  to  J.  W.  Retgers  was  that  between  the  sulphides,  selenides,  and  tellurides, 
which  crystallize  in  the  cubic  system,  but  he  argued  that  the  crystals  in  this  system 
have  such  a high  degree  of  crystallographic  symmetry  that  their  power  to  form 
mixed  crystals  is  not  a satisfactory  proof  of  true  isomorphism.  Potassium  tellurate 
is  not  isomorphous  with  the  selenate,  but  it  is  isomorphous  with  the  osmiate.  This 
with  the  atomic  weight  of  tellurium  has  been  used  as  an  argument  for  placing 
tellurium  in  the  eighth  group.  The  isomorphism  of  compounds  of  the  type  K2TeBr6 
— where  bromine  may  be  replaced  by  ohlorine,  and  potassium  by  ammonium, 
rubidium,  or  caesium — observed  by  H.  L.  Wheeler,  and  W.  Muthmann  with  the 
corresponding  selenium  compound  and  with  the  analogous  platinum  salt,  is  also  a 
result  of  all  crystallizing  in  the  cubic  system.  J.  F.  Norris  and  R.  Mommers  found 
that  the  double  bromide  of  platinum  and  dimethylamine,  crystallizing  in  the 
orthorhombic  system,  is  isomorphous  with  the  analogous  compounds  of  selenium  and 
tellurium,  and  this  case  of  isomorphism  is  not  open  to  the  objections  raised  by 
J.  W.  Retgers ; and  similar  remarks  apply  to  the  isodimorphism  of  G.  Pellini’s 
diphenyl  dibromotelluride,  (C6H6)2TeBr2.  F.  Krafft  and  0.  Steiner  discussed  the 
mutual  replacement  of  sulphur,  selenium,  and  tellurium  in  this  family  of  elements. 
G.  Pellini  and  G.  Vio,  and  Y.  Kimata  found  that  the  f.p.  curve  of  mixtures  of  selenium 
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and  tellurium  show  that  solid  soln.  are  formed  in  agreement  with  the  isomorphism 
of  the. trigonal  forms  of  these  two  elements — vide  tellurium  selenide  in  the  preceding 
chapter.  G.  Pellini  also  came  to  a similar  conclusion  with  respect  to  sulphur.  Some 
of  the  isomorphous  crystals  have  the  form  of  rhombic  sulphur.  A similar  conclusion 
was  drawn  by  E.  Billows.  The  structure  of  the  crystals  of  tellurium  was  discussed 
by  V.  M.  Goldschmidt. 

From  the  vapour  density  at  2100°,  H.  von  Wartenberg  found  the  molecular 
weight  to  be  160.  E.  Moles  found  the  mol.  wt.  deduced  from  the  f.p.  and  con- 
ductivity of  soln.  in  sulphuric  acid  to  be  abnormal.  A.  Jouniaux  inferred  that 
tellurium  is  monatomic  at  357°  and  more  complex  at  lower  temp. ; it  is  diatomic 
at  about  1500°.  For  the  mol.  wt.  in  iodine  soln.,  vide  infra,  tellurium  halides. 
R.  Auerbach’s  cryoscopic  observations  showed  that  tellurium  dissolves  as  Te  in 
pyrosulphuric  acid.  The  specific  gravity  of  native  tellurium  varies  with  its  degree 
of  purity.  Thus,  J.  Loczka  gave  6-084  ; R.  W.  E.  Maclvor,  6-2  ; V.  R.  von  Zepharo- 
vich,  5-86  ; and  F.  A.  Genth,  6-275.  For  the  artificial  crystals  M.  H.  Klaproth  gave 
6-115 ; F.  J.  Muller  von  Reichenstein,  6-393 ; J.  Lowe,  6-180 ; E.  Matthey  for 
98-7  per  cent.  Te,  6-27  ; G.  Magnus,  6-1379  ; and  D.  Klein  and  L.  Morel,  6-204- 
6-215.  J.  J.  Berzelius  gave  6-245  for  the  average  of  five  determinations  of  crystals 
obtained  from  the  molten  element,  but  preferred  the  higher  value  6-258  because  of 
pores.  E.  Priwoznik  gave  6-2459  at  18-2°  for  a sample  which  had  been  melted  in 
hydrogen,  and  C.  F.  Rammelsberg,  6-38  to  6-42  ; D.  Beljankin  gave  6-338  at  18°-22°  ; 
and  H.  Fay  and  C.  B.  Gillson,  6-243.  For  distilled  tellurium,  V.  Lenher  and 
J.  L.  R.  Morgan  gave  6-194  to  6-204 — mean  6-199,  and  G.  W.  A.  Kahlbaum,  6-23538 
at  20°.  D.  Beljankin  gave  6-157  for  the  sp.  gr.  of  tellurium  precipitated  from  alkaline 
soln.  ; and  6-015  at  20°  for  amorphous  precipitated  tellurium.  C.  F.  Rammelsberg 
gave  5-93  for  the  sp.  gr.  of  the  amorphous  tellurium  precipitated  by  sulphur 
dioxide ; he  added  that  the  amorphous  tellurium  suffers  no  change  if  heated  to 
300°.  W.  Spring  gave  for  tellurium  which  had  been  subjected  to  high  compression, 
as  well  as  for  the  element  which  had  not  been  compressed  : 


0°  20° 


„ j Not  compressed 
* ' “ '(Compressed 


6-2322 

6-2549 


6-2194 

6-2419 


80°  100° 


40° 

6-2052 

6-2294 


60° 

6-1500 

6-2170 


6-1366 

6-3030 


6-0640 

6-1891 


M.  L.  Huggins  calculated  for  the  atomic  radius,  2-46  A. ; J.  C.  Slater,  1-22  A.  ; 
and  W.  F.  de  Jong  and  H.  W.  V.  Williams,  1-33  A.  W.  L.  Bragg  calculated  1-33  A. 
for  the  at.  radius-;  A.  Ferrari,  3-025  A.  E.  T.  Wherry  gave  0-81  to  0-89  A.  for 
quadrivalent  tellurium,  and  0-56  A.  for  sexivalent  tellurium.  F.  H.  Burstall  and 
S.  Sugden  discussed  the  parachor  of  some  bivalent  tellurium  compounds. 

V.  Lenher  and  co-workers  said  that  the  metal  expanded  slightly  after  solidifi- 
cation. E.  Cohen  and  J.  F.  Kroner  2 observed  that  the  treatment  to  which  tellurium 
has  been  subjected  greatly  influences  the  sp.  gr.,  and  it  varies  between  6-272  and 
5-949.  Tellurium,  prepared  by  the  reduction  of  telluric  acid  by  hydrazine  sulphate, 
had  a sp.  gr.  of  3-242.  This  low  value  was  traced  to  occluded  nitrogen.  They 
assume  that  tellurium  exists  in  two  forms  present  as  dynamic  allotropes  in  equili- 
brium a-Te^/J— Te.  The  variety  with  the  smaller  sp.  gr.  is  stable  at  the  higher 
temp.  Thus,  the  sp.  gr.  of  a sample  before  heating  to  350°  was  6-233,  and  after 
heating  to  this  temp.,  6-203.  A.  Damiens  said  that  observations  on  the  sp.  gr.  of 
tellurium  purified  by  distillation  in  vacuo,  and  either  sublimed,  or  slowly  cooled 
from  the  molten  state,  lend  no  support  to  E.  Cohen  and  J.  F.  Kroner’s  theory  of 
dynamic  allotropy.  Sublimed  tellurium  of  sp.  gr.  6-310  is  not  changed  by  prolonged 
heating  at  various  temp.  Tellurium  prepared  in  other  ways  may  appear  to  have 
a smaller  sp.  gr.  owing  to  its  porosity.  Amorphous  tellurium,  of  sp.  gr.  5-85  to  5-87, 
is  transformed  by  heat  into  crystalline  tellurium,  and  heat  is  evolved  during  the 
transformation.  W.  Haken  reported  that  the  electrical  conductivity  indicated  the 
existence  of  two  allotropic  forms  with  a transition  temp,  at  354°  ; but  A.  Damiens 
inferred  from  observations  on  the  sp.  gr.,  rate  of  cooling  and  he'ating,  sp.  ht.  and  heat 
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of  reaction,  that  the  analogy  between  the  allotropy  of  sulphur  and  tellurium  does 
not  apply  since  tellurium  is  characterized  by  the  existence  of  a single  crystalline 
form.  Attempts  by  H.  Staudinger  and  W.  Kreis  to  prepare  solid  red  tellurium 
by  cooling  the  vapour  at  1000°  in  liquid  air  were  unsuccessful.  C.  del  Fresno,  and 
I.  T.  Saslavsky  studied  the  at.  vol.  of  tellurium  in  its  compounds.  L.  S.  Ramsdell 
calculated  1-27  A.  for  the  atomic  radius  ; H.  G.  Grimm  made  observations  on  this 
subject. 

M.  Toepler  3 observed  an  irregularity  in  the  vol.  changes  of  tellurium  as  it  cools 
from  the  molten  state,  and  this  he  attributed  to  the  formation  of  an  amorphous 
plastic  variety  of  tellurium  just  before  it  solidifies.  J.  R.  Rydberg  gave  2-3  for  the 
hardness  of  tellurium  (diamond  10).  P.  Saldau  gave  18-43  kgrms.  per  sq.  mm.  for 
the  hardness  of  tellurium  when  that  of  lead  is  3-92  kgrms.  per  sq.  mm.  E.  Schmid 
and  G.  Wassermann  discussed  the  percussion  figures  of  the  crystals,  and  also  the 
plastic  deformation.  P.  W.  Bridgman  found  the  cubic  compressibility  to  be 
0-0000024  kgrm.  per  sq.  cm.;  Poisson ’s.ratio,  0-33 ; the  tensile  strength  expressed 
as  a breaking  load  in  tension  was  115  kgrms.  per  sq.  cm.  A piece  of  tellurium  wire 
8 cms.  long  and  0-0348  cm.  diameter,  fastened  rigidly  at  one  end,  and  bent  by  a 
weight  at  the  other,  showed  a maximum  permanent  set  of  0-11  cm.,  and  broke  under 
a deflection  of  1-82  cm.  The  brittleness  is  extreme  for  a metal,  but  is  not  as  high 
as  for  glass.  P.  W.  Bridgman  measured  the  elastic  constants  ; he  found  the  initial 
linear  compressibility,  p in  kgrms.  per  sq.  cm.,  for  angle  crystals  to  be,  at  30°, 
— 4-14x10“ 7 when  parallel,  and  27-48  XlO-7  when  vertical  to  the  trigonal  axis  ; 
at  30°,  when  perpendicular  to  the  trigonal  axis  —Bl/l= 27-48  X 10-7p— 52-7  X 10— 12p2 
at  30°,  and  at  75°,  27-7  xl0~7p— 53-6  xlO-2  at  75°  ; at  75°,  when  parallel  to  the 
trigonal  axis,  +8i/Z=4-137xl0_7p— 9-6  X 10_12p2,  and  at  75°,  5-132  xl0~7p 
— 13-2xl0~12p2.  The  remarkable  fact  is  that  the  compressibility  along  the 
trigonal  axis  is  negative,  so  that  when  the  crystal  is  subjected  to  hydrostatic  press, 
all  over,  it  elongates  along  the  trigonal  axis.  The  cubic  compressibility  is  normal 
— Sd/vq— 50-82  x 10-7p — 101-1 X 10_12p2  at  30°,  and  50-41  xl0~7p -85-6  xl0“12p2 
at  75°.  The  cubic  compressibility  thus  decreases  with  rise  of  temp.  R.  F.  Mehl  and 
B.  J.  Mair  explain  this  as  follows  : 

It  is  evident  that  this  crystal  structure  is  not  closely  packed,  and  it  is  conceivable  that 
a change  in  cither  of  the  major  dimensions,  that  of  the  side  of  the  unit  basal  triangle,  a, 

or  that  of  the  prism  edge,  h,  should  cause  a change 
in  density  resulting  merely  from  a difference  in  the 
closeness  of  the  packing  of  the  atoms,  the  two  inter- 
atomic distances  remaining  unchanged.  In  such 
a process  a lengthening  of  the  prism  edge,  h,  would 
cause  a shortening  of  a and  also  a shortening  of  the 
radius  of  the  helix.  If  such  an  elongation  would 
result  in  an  increase  in  density,  it  is  entirely  reason- 
able to  suppose  that  an  increase  in  press,  tending 
towards  an  increase  in  density,  would  in  fact  cause  a 
lengthening  of  this  axis,  with  an  attendant  shortening 
of  the  other  two  dimensions.  Such  a lengthening 
would  obviously  cause  the  abnormal  coeff.  observed 
by  P.  W.  Bridgman.  Fig.  3 shows  a curve  represent- 
ing density  as  a function  of  the  height  of  the  unit 
prism.  The  values  from  which  the  curve  was  plotted 
were  calculated  by  taking  a series  of  values  for  h 
and  keeping  the  'nter-atomic  distances,  2-86  A.  and 
3-46  A.,  unchanged,  calculating  the  radius  of  the 
helix  and  the  side  of  the  unit  basal  triangle,  a,  and 
from  these  the  density  of  the  hypothetical  crystal. 
The  curve  passes  through  a minimum  at  a density  slightly  greater  than  G-20,  corresponding 
to  a value  for  h of  5-55  A.  Fora  prism  of  height  less  than  5-56  A.  an  increase  in  press,  tend- 
ing to  cause  an  increase  in  density  could  do  so  only  by  shortening  h,  the  two  interatomic 
distances  remaining  unchanged,  and  the  screw-axis  would  therefore  show  the  usual  positive 
compressibility  coeff.  On  the  other  hand,  if  the  value  for  h lay  to  the  right  of  5"5o  A. 
an  increase  in  press,  would  cause  a lengthening  in  h,  since  such  a process  would  result  in  an 
increase  in  density.  The  actual  value  of  li  for  tellurium,  indicated  by  the  arrow  in  the 
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figure,  is  5-91  A.  and  is  therefore  to  the  right  of  the  minimum,  so  that  an  increase  in  press, 
should  cause  an  increase  in  h,  or,  in  other  words,  a negative  compressibility  coeff.  along  this 
axis. 

Measurements  have  not  been  made  with  selenium,  but  R.  F.  Mehl  and  B.  J.  Mair, 
applying  the  same  argument,  state  .* 

The  actual  value  for  h,  indicated  by  the  arrow,  dotted  line.  Fig.  3,  appears  to  lie  very 
slightly  to  the  left  of  the  minimum,  and  therefore,  the  height  of  the  unit  prism  would  very 
likely  decrease  with  the  application  of  press,  (assuming,  of  course,  that  the  lattice  dimensions 
used  in  the  calculations  are  correct)  ; but  since  the  screw-axis  is  in  a state  of  greater  com- 
pression than  the  triangular  axes  the  compressibility  along  this  axis  is  probably  low. 
Resisting  the  elongation  (or. contraction)  of  the  helix  upon  the  application  of  press.,  there 
is  the  tendency  within  the  lattice  to  maintain  the  angle  formed  by  any  three  atoms  in  the 
same  helix  at  (for  tellurium)  126-5°,  and  this  tendency  doubtless  becomes  more  and  more 
urgent  as  the  angle  departs  further  and  further  from  this  value,  so  that  it  may  be  assumed 
that  the  adjustment  of  density  by  the  lengthening  or  shortening  of  the  helix  meets  with 
increasing  resistance  as  the  press,  rises.  It  is  this  restraint  which  prevents  the  helix  from 
straightening  completely  upon  the  first  application  of  press. 

H.  Fizeau  gave  a=0-00001675  for  the  coeff.  of  thermal  expansion — linear — 
Detween  0°  and  40°  ; and  000001732  between  0°  and  50° ; whilst  W.  Spring  gave 
for  coeff.  of  cubical  expansion  0-043440  between  0°  and  20°  ; 0-043737  between  0° 
and  60°  ; and  0-043687  between  0°  and  100°.  P.  W.  Bridgman  gave  for  the  linear 
thermal  expansion  at  20°— 1-6  Xl0-6  when  parallel  and  27-2  X 10~6  when 
perpendicular  to  the  trigonal  axis.  E.  Jannetaz  found  that  the  ratio  of  the  sq.  root 
of  the  thermal  conductivity,  kY,  in  the  direction  of  the  principal  axis,  and  ka,  in 
the  direction  of  the  base,  is  (kafky)^= 0*81.  H.  Kopp  gave  0-0475  for  the  specific 
heat  ; H.  Y.  Regnault,  0-0474  for  distilled  tellurium,  and  0-0516  for  that  pre- 
cipitated by  sulphur  dioxide ; M.  Berthelot  and  C.  Fabre  gave  0-0483  for  fused 
tellurium  slowly  cooled,  0-0524  for  that  precipitated  by  sulphur  dioxide,  and  0-0518 
for  that  distilled  in  a current  of  sulphur  dioxide ; A.  Wigand,  for  crystalline 
tellurium  between  15°  and  100°,  gave  0-0483,  and  ror  amorphous  tellurium,  0-0525  ; 
and  G.  W.  A.  Kahlbaum  and  co-workers,  0-04878  for  that  distilled  in  vacuo. 
W.  A.  Tilden  gave  0-0469  between  —182°  and  15° ; 0-0483,  between  — 15°  and  100°  ; 
0-0487,  between  —15°  and  200°  ; and  0-0500,  between  —15°  and  380°;  J.  Dewar 
gave  0-0288  between  —253°  and  —196°.  The  corresponding  atomic  heats  are 
3-68  between  -—253°  and  —196°  5-98  between  — 182°  and  15°  ; 6-16  between  15° 

and  100°  ; and  6-38  between  15°  and  380°.  E.  Adinolefi 4 found  that  the  sp.  ht. 
of  tellurium  is  increased  by  about  8 per  cent,  after  exposure  to  the  X-rays,  and  this 
is  attributed  to  a change  in  the  structure  of  the  element.  The  relations  of  the 
sp.  ht.  were  studied  by  I.  Maydel. 

T.  Carnelley  and  W.  C.  Williams  found  the  melting  point  of  tellurium  to  be 
between  452°  and  455°  ; R.  Pictet,  525°  ; H.  Fay  and  co-workers,  and  S.  Umino. 
446°  ; K.  Monkemeyer,  428°  ; W.  Guertler  and  M.  Pirani,  450° ; H.  Pelabon,  452°  ; 
W.  R.  Mott,  452° ; W.  Biltz  and  W.  Mecklenburg,  455° ; M.  Chikashige,  438°  ; 
M.  Kobayashi,  437° ; and  E.  Matthey,  for  97-0  per  cent.  Te,  450°.  A.  Damiens 
gave  453°  for  the  m.p.,  and  observed  no  break  in  the  heating  or  cooling  curve 
between  this  temp,  and  the  ordinary  temp.  W.  Guertler  and  M.  Pirani  gave  450° 
for  the  best  representative  value.  A.  Simek  and  B.  Stehlik  gave  452°  for  the  m.p. 
in  vacuo ; in  hydrogen,  the  m.p.  is  lowered  0-15°,  and  in  carbon  dioxide  0-2°.  There 
is  a marked  contraction  during  the  freezing  of  the  mother-liquid,  and  with  slow 
cooling,  a cavity  is  formed  in  the  middle  of  the  mass ; and  if  quickly  cooled, 
the  surface  freezes  first,  and  numerous  small  cavities  form  in  the  interior.  If 
tellurium  be  melted  in  a glass  vessel,  the  glass  is  inclined  to  shatter  on  cooling 
owing  to  the  formation  of  pores  between  the  crystals  producing  an  apparent 
expansion.  H.  Carlsohn  found  that  the  m.p.  of  tellurium  compounds  does  not 
follow  the  additive  rule.  J.  J.  Berzelius  said  that  tellurium  boils  at  a temp, 
higher  than  the  softening  temp,  of  glass,  and  it  is  converted  into  a yellow  vapour, 
the  colour  of  chlorine.  M.  H.  Klaproth  added  that  when  heated  to  redness  in 
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a retort,  the  tellurium  sublimes  into  the  neck  in  the  form  of  shining  drops. 
F.  Wohler,  and  A.  Oppenheim  distilled  the  element  in  a porcelain  retort  at  a 
red-heat,  J.  J.  Berzelius  distilled  it  in  a current  of  hydrogen ; and  A.  Schuller 
obtained  well-defined  crystals  by  distillation  in  vacuo.  L.  Staudenmaier  observed 
that  a little  volatilization  occurs  at  300° ; H.  St.  C.  Deville  and  L.  Troost  gave 
1390°  for  the  boiling  point  ; and  W.  R.  Mott,  1390°  ; while  F.  KrafEt  and  L.  Merz 
added  that  in  the  vacuum  of  a cathode  light  marked  sublimation  occurs  at  430°, 
and  the  b.p.  at  58  mm.  press.-is  478°.  J.  Joly  observed  that  sublimation  of  tellurium 
dioxide  occurs  at  850°  with  native  tellurium,  and  at  700°  with  purified  tellurium  ; 
and  of  the  monoxide,  respectively  at  525°,  and  470°.  J.  J.  Doolan  and  J.  R.  Part- 
ington found  the  vapour  pressure  of  tellurium  to  be  0-0186  atm.  at  671° ; 0-00440  at 
578°  ; and  0-000610  at  488°.  The  corresponding  latent  heat  of  volatilization  is 
24-7  Cals,  per  mol.  between  578°  and  671°,  and  28-2  Cals,  per  mol.  between  488°  and 
578°— assuming  the  diatomic  Te2-molecule.  The  mean  value  is  26-5  Cals,  per  mol. 
H.  Biltz  obtained  a vapour  density  of  9-13  at  1880°  corresponding  with  the  Te2- 
molecule.  He  added  that  H.  St.  C.  Deville  and  L.  Troost’s  determinations  are 
inaccurate.  H.  Pelabon  calculated  the  latent  heat  of  fusion  to  be  20  to  21  Cals, 
per  mol.  W.  Herz  gave  7-4  Cals,  per  gram ; and  S.  Umino,  33-5  cals,  per  mol. 
J.  J.  van  Laar  discussed  the  equation  of  state  of  the  solid. 

M.  Berthelot  and  C.  Fabre  found  the  heat  of  solution  of  tellurium  in  bromine 
and  bromine  water  is  66-7  Cals,  in  the  case  of  crystalline  tellurium  ; 42-6  Cals,  in 
the  case  of  tellurium  precipitated  by  sulphur  dioxide ; 66-7  Cals,  for  tellurium 
precipitated  by  oxygen  from  potassium  telluride ; and  67-0  Cals,  for  tellurium 
separated  by  oxygen  from  hydrogen  telluride.  Tellurium  separated  from  ferric 
chloride  by  hydrogen  telluride  is  crystalline.  Tellurium  rapidly  cooled  from  the 
molten  state  develops  41-4  to  58-1  Cals,  indicating  that  it  is  an  indefinite  mixture 
of  amorphous  and  crystalline  tellurium.  The  calculated  heat  of  crystallization  from 
amorphous  selenium  is  thus  12-096  cals,  for  64  grms.,  but  A.  Damiens  obtained  2-63 
cals,  for  this  constant.  S.  Umino  gave  0-63  cal.  per  mol.  for  the  heat  of  trans- 
formation at  348°.  G.  N.  Lewis  and  co-workers  gave  12-8  for  the  entropy  of  tel- 
lurium at  25°,  and  B.  Bruzs,  17-2  at  the  m.p.  E.  Kordes  calculated  1-63  for  the 
ratio  Qcais./T  for  Te,  and  6-52  for  Te4.  W.  Herz  studied  the  subject.  J.  Franck 
calculated  69  Cals,  for  the  work  of  dissociation  of  Te2  ; and  V.  Kondrateeff,  65  Cals. 

C.  Cuthbertson  and  E.  P.  Metcalfe  5 found  the  index  of  refraction  of  tellurium 
vapour  to  be  1-002620  for  A=546w  ; 1-002495  for  A=589-3W* ; and  1-002370  for 
A=656-3W.  R.  F.  Miller  found  that  the  refractive  indices  for  single  crystals  with 
the  light  parallel  and  perpendicular  to  the  plane  of  incidence  are,  respectively, 

1- 9  and  1-7.  The  whole  range  of  wave-length,  L.  P.  Sieg  and  G.  D.  van  Dyke  gave 

2- 50  to  3-14  and  2-05  to  2-68  respectively  when  the  light  falling  on  one  of  the 
hexagonal  faces  is  polarized  with  the  electric  vector  respectively  parallel  and 
perpendicular  to  the  principal  crystal  axis.  The  absorption  constants  are  respec- 
tively 0-40  to  0-56,  and  0-54  to  0-67.  Observations  were  also  made  by  A.  H.  Pfund, 
and  E.  O.  Hulburt.  W.  W.  Coblentz  gave  for  the  percentage  reflecting  power,  R, 
of  tellurium  for  rays  of  wave-length  A : 

A . 06  n 0-8/x  1-0  n 2-0/x  4-0/i  7-0 fi 

R . . 49  48  50  52  57  68  per  cent. 

R.  F.  Miller  found  that  the  reflecting  powers  of  single  crystals  with  the  crystal 
axis  parallel  and  perpendicular  to  the  plane  of  incidence  respectively  are  2-9  and  2-7 
over  the  whole  range  of  wave-lengths;  L.  P.  Sieg  and  G.  D.  van  Dyke  gave  0-28  to  0-34 
and  0-26  to  0-30  when  the  light  falling  on  one  of  the  hexagonal  faces  is  polarized  with 
the  electric  vector  respectively  parallel  and  perpendicular  to  the  principal  crystal 
axis.  From  observations  on  the  halides  and  organic  tellurium  compounds,  G.  Pellini 
and  A.  Menin  found  the  atomic  refraction  with  the  /x-formula  to  be  32-06-33-81, 
and  with  the  ju2-formula  15-28-16-66.  J.  E.  Calthrop  studied  the  relation  between 
the  at.  vol.,  and  the  index  of  refraction.  K.  Spangenberg  conqxired  the  mol. 
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refractions  of  the  oxides,  sulphides,  selenides,  and  tellurides.  M.  A.  Shirmann 
studied  the  polarization  of  light  by  submicroscopic  particles  of  tellurium. 

R.  T.  Simmler  0 observed  that  the  flame  spectrum  of  tellurium  in  a colourless 
gas-flame  is  continuous,  and  a similar  result  was  obtained  by  6.  Werther ; 
A.  Mitscherlich  also  observed  that  the  spectrum  of  the  vapour  of  tellurium  in  burning 
hydrogen  is  continuous.  The  flame  spectrum  of  tellurium  was  also  examined  by 

G.  Salet,  W.  N.  Hartley,  and  J.  M.  Eder  and  E.  Valenta.  The  spark  spectrum  of 
tellurium  between  electrodes  of  that  element  was  observed  by  W.  A.  Miller, 
W.  Huggins,  R.  J.  Lang,  H.  Nagaoka  and  co-workers,  L.  and  E.  Block,  A.  M.  Vieweg 
and  co-workers,  J.  C.  McLennan  and  A.  C.  Lewis,  and  T.  R.  Robinson.  As  in  the 
case  of  sulphur,  tellurium  furnishes  two  spectra — the  line,  and  the  band  spectra. 
The  line  spectrum  of  tellurium  obtained  by  the  gas  discharge  between  tellurium 
electrodes  was  measured  by  R.  Thalen,  A.  Ditte,  G.  Salet,  R.  Capron,  G.  L.  Ciamician, 
W.  N.  Hartley,  W.  N.  Hartley  and  W.  F.  Adeney,  R.  J.  Lang,  E.  Demar^ay,  C.  Runge 
and  F.  Paschen,  A.  de  Gramont,  F.  Exner  and  E.  Haschek,  P.  Kothner,  P.  G.  Nutting, 

A.  Hagenbach  and  H.  Konen,  E.  Goldstein,  and  J.  M.  Eder  and  E.  Valenta.  The 
principal  lines  in  the  visible  region  are  6438  in  the  red,  6040-7,  6011-3,  5974,  and  5936 
in  the  orange-yellow  ; 5982,  and  5756  in  the  yellow  ; 5707,  and  5648  in  the  yellowish- 
green  ; 5575,  5489,  5478,  5448,  5367,  5311,  5218,  5153,  and  5105  in  the  green  ; 4302, 
4275,  and  4260  in  the  indigo-blue ; and  4221,  4062,  4055,  4006,  3984,  and  3969  in 
the  violet.  W.  L.  Dudley  and  E.  V.  Jones  found  that  the  spark  spectrum  remained 
the  same  after  the  element  had  been  fractionally  precipitated  by  hydrazine  hydro- 
chloride twenty  times.  E.  J.  Allin  studied  the  under-water  spark  spectrum.  The 
arc  spectrum  was  examined  by  F.  Exner  and  E.  Haschek,  A.  Hagenbach  and 

H.  Konen,  H.  S.  Uhler  and  R.  A.  Patterson,  M.  Kimura,  J.  Stark  and  R.  Kiich, 
E.  Gehrcke  and  0.  von  Baeyer,  and  J.  M.  Eder  and  E.  Valenta.  The  band  spectrum 
was  obtained  by  G.  Salet  by  passing  a spark  through  the  vapour  of  tellurium. 

D.  Gernez  obtained  an  absorption  spectrum,  extending  from  the  yellow  to  the  violet, 
by  passing  light  through  the  vapour  of  tellurium  in  an  atm.  of  carbon  dioxide.  The 
absorption  spectrum  was  studied  by  A.  W.  Wright,  J.  J.  Dobbie  and  A.  J.  Fox, 
J.  C.  McLennan  and  R.  F.  B.  Cooley,  B.  Rosen,  A.  Michaelis,  R.  V.  Zumstein, 

E.  Riitten,  C.  H.  Cartwright,  and  W.  Friederichs;  and  the  band  spectrum,  by 
R.  Mecke.  F.  K.  Bell  examined  the  ultra-red  absorption  spectrum  of  organic  sulphur 
compounds.  The  reflection  spectrum  was  examined  by*  J.  Trowbridge  and 
W.  C.  Sabine ; the  cathode  ray  spectrum,  by  P.  Lewis ; the  emission  spectrum 
of  the  vapour  by  E.  Paterno  and  A.  Mazzucchelli ; and  the  resonance  spectrum,  by 

B.  Rosen,  who  gavey=a— 2504n+053n2,  where  a =23930, 25451  and  22411  respec- 
tively for  the  exciting  mercury  lines  4359  A.,  4046  A.,  and  5461  A.  The  ultra-violet 
spectrum  is  particularly  rich  in  lines.  It  was  observed  by  F.  Exner  and  E.  Haschek, 

A.  Griinwald,  R.  J.  Lang,  P.  Lacroute,  R.  V.  Zumstein,  and  V.  Schumann. 
J.  C.  McLennan  and  co-workers,  H.  Schuler  and  H.  Briick,  E.  V.  Condon  and 
G.  H.  Shortley,  A.  Porzeborsky,  and  R.  C.  Gibbs  and  A.  M.  Vieweg  discussed  the 
structure  of  the  arc  spectrum.  R.  J.  Lang  discussed  the  series  spectrum. 

According  to  W.  Steubing,7  the  vapours  of  the  four  elements  of  the  sulphur 
family  show  a marked  fluorescence  discussed  in  connection  with  selenium,  and 
similarly  also  with  the  observations  of  D.  Diestelmeier,  H.  R.  Pogorzelska,  and 

B.  Rosen ; J.  C.  McLennan  and  co-workers  studied  the  fluorescence  spectrum  of 
tellurium  vapour.  H.  R.  Pogorzelska  examined  the  banded  fluorescence  of  the 
resonance  spectrum  of  tellurium  vapour.  W.  Steubing  found  that  a magnetic  field 
has  no  effect  on  the  intensity  of  the  resonance  and  fluorescent  spectra.  W.  Kessel 
also  studied  the  resonance  spectrum ; and  A.  Smekal,  the  Raman  effect. 

The  K-series  in  the  X-ray  spectrum  of  tellurium  was  observed  by  F.  Cj  Blake 
and  W.  Duane,8  A.  Leide,  S.  Bjorck,  B.  Walter,  B.  B.  Ray,  M.  Siegbahn,  K.  Chamber- 
lain  and  G.  A.  Lindsay,  M.  Siegbahn  and  E.  J8nsson,  and  there  occur  the  lines 
0-456a,a ; and  0-404/3./3.  The  L-series  was  measured  by  D.  Coster,  Y.  Nishina, 
A.  Leide,  B.  B.  Ray,  E.  Hjalmar,  K.  Chamberlain  and  G.  A.  Lindsay,  S.  Bjorck, 
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M.  Lindsay,  M.  Siegbahn,  and  H.  Hirata.  They  include  3-29100a2a1 ; 3-28199aa  ; 
3-06997)3/3;  2-877 )82y ; 2-70647y28  ; 3-04004/34y  ; and  3-00133 p3<f>.  S.  Bjorck, 
and  Y.  Nishina  also  measured  the  M-,  N-,  and  O-series.  jW.  Herz  gave  2-43  xlO-12 
for  the  vibration  frequency. 

H.  Muller  9 observed  that  the  exposure  of  tellurium  to  intense  a-rays  did  not 
affect  the  induced  radioactivity.  N.  Piltschikoff  studied  the  Moser  rays  emitted  by 
tellurium ; and  T.  Pavolini,  and  R.  S.  Bartlett,  the  photoelectric  effect  of  tellurium 
films.  E.  Rupp  studied  the  absorption  of  slow  electrons  by  tellurium.  B.  Rosen 
discussed  the  resonance  potentials.  G.  Piccardi  calculated  8-43  volts  for  the 
ionization  potential.  E.  Rabinowitsch  and  E.  Thilo  studied  the  subject.  J.  Vrede 
found  that  tellurium  is  not  a good  radio-detector. 

A.  de  la  Rive  10  noticed  that  tellurium  is  electrified  by  rubbing  it  with  wool ; 
and  P.  E.  Shaw  and  C.  S.  Jex  said  that  the  triboelectricity  acquired  with  glass  is 
negative.  K.  E.  Herzfeld  discussed  the  metallic  conductivity  of  tellurium. 
P.  W.  Bridgman  said  that  the  electrical  properties  of  tellurium  are  unusual  and 
variable  ; it  is  seldom  that  two  observers  obtain  the  same  numerical  values  for  any 
of  its  properties.  This  is  taken  to  mean  that  tellurium  under  ordinary  conditions 
contains  two  modifications  in  unstable  equilibrium,  and  the  proportions  of  the 
two  forms  change  greatly  with  the  manner  of  treatment — thus,  the  temp,  coeff. 
of  the  same  piece  may  be  positive  or  negative  according  to  its  treatment. 
A.  Matthiessen  said  that  the  electrical  conductivity  is  such  that  if  silver  at  0°  be 
100,  that  of  tellurium  is  0-000777  at  19-6°.  This  works  out  at  about  0-000466  mho 
at  19-6°  (silver  60x  10 ~4),  or  roughly  an  electrical  resistance  of  2000  ohms. 
P.  W.  Bridgman  gave  for  the  sp.  resistance  of  simple  crystals  at  20°,  56,000  ohms 
when  parallel  and  154,000  ohms  when  vertical  to  the  chief  axis.  A.  Matthiessen 
and  M.  von  Bose  added  that  when  heated,  the  resistance  increases  w'ith  temp,  up 
to  70°-80°.  A.  Schulze  gave  2-1  for  the  ratio  of  the  resistance  in  the  solid  and 
liquid  state  ; A.  Gunther-Schulze  made  some  observations  on  this  subject.  F.  Exner 
said  that  at  20°  the  conductivity  is  0-00293  if  the  element  has  been  rapidly  cooled, 
and,  if  slowly  cooled,  0-00437.  He  found  that  the  resistance  R,  arbitrary  units,  of 
a rod  was  : 


20°  50°  101°  180°  290°  182°  100°  51°  22° 

R . . 7 07  7-86  8-10  5-25  4-40  5-21  14-75  31-1  40-0 


The  detailed  results  are  plotted  in  Fig.  4.  The  resistance  increases  as  the  temp 
rises  to  about  140°,  and  then  falls  up  to  200°  ; as  the  temp,  falls  from  200°,  the 

resistance  increases  steadily  so  that  at  ordinary 
temp,  it  is  nine  times  as  great  as  it  was  at  200°, 
and  four  to  six  times  as  great  as  it  was  initially 
at  ordinary  temp.  On  repeating  the  experiment 
the  maximum  no  longer  appears,  but  the  resist- 
ance steadily  decreases  from  the  lowest  to  the 
highest  temp.  The  more  rapidly  the  sample  is 
cooled,  the  smaller  the  final  resistance,  and  con- 
versely. The  explanation  is  attributed  to  the 
better  development  of  the  crystals  with  slow 
cooling.  E.  Matthey  found  the  resistance  of  a 
sample  of  97  per  cent,  tellurium  to  be  about  800 
times  as  great  as  that  of  copper.  For  the  ratio  of  the  resistance  R at  6°  and 
Ro  at  0D,  H.  K.  Onnes  and  B.  Beckman  found  a minimum  at  — 225°  : 
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Fxc:.  4.- — The  Electrical  Resistance 
of  Tellurium  (Heating  and  Cool- 
ing). 


-80°  -100°  -140°  -180°  -220°  -225°  -240°  -258-6° 

R\Ra  . 0-773  0-732  0-659  0-596  0-547  0-546  0-568  0-624 

H.  Perlitz  studied  the  relation  between  the  space-lattice  and  the  change  of  resistance 
with  fusion  ; and  R.  Schuhmann  found  no  difference  in  the  e.m.f.  of  cells  with 
amorphous  and  crystalline  tellurium.  Y.  Lenher  and  J.  L.  R.  Morgan,  A.  Matthiessen, 
F.  W.  Warburton,  F.  Exner,  W.  G.  Adams,  and  A.  Guntz  and  W.  Broniewsky, 
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showed  that  the  structure  has  a great  influence  on  the  resistance  ; they  found  that 
the  sp.  resistance  of  tellurium  varied  from  279  to  1152  ohms.  A.  Guntz  and 
W.  Broniewsky  found  that  the  sp.  resistance  of  tellu- 
rium at  2°  is  0-102  ohm,  and,  increasing  with  temp., 
attains  a maximum  at  about  50°.  It  then  diminishes 
until  the  m.p.  is  reached,  Fig.  5 ; and  added  that,  in 
agreement  with  F.  Exner,  the  abnormal  variation  is 
due  to  the  separation  of  crystals  of  varying  sizes,  and 
not  to  the  formation  of  an  allotropic  modification  of 
tellurium  as  was  supposedly  E.  Cohen  and  J.  F.  Kroner. 

For  J.  M.  Riviere’s  Observations,  vide  infra,  silver 
telluride.  B.  Beckman  found  the  sp.  resistance  varied 
from  0-0493  to  0-617  ohm  per  cm.  cube,  and  the 
pressure  coeff.  varied  linearly  from  — 9-1  XlO-5  to 
— 26-6  xl0~5.  P.  W.  Bridgman  obtained  a resistance 
of  0-00645  ohm  per  cm.  cube  ; and  a press,  coeff.  of  — 0-00012  ; and  the  average 
temp,  coeff.  from  0°  to  24°  was  — 0-0063.  W.  G.  Adams  said  that  the  conductivity 
of  tellurium  is  slightly  increased  by  exposure  to  light,  but  not  to  the  same  extent 
as  that  of  selenium.  T.  W.  Case  found  that  tellurium  has  a resistance  less  than 
a megohm,  and  does  not  change  its  resistance  on  exposure  to  light.  R.  S.  Bartlett 
observed  that  tellurium  shows  a photoelectric  effect  at  ordinary  temp.,  and  a 70 
per  cent,  greater  effect  at  —185°.  P.  Kapitza  studied  the  change  of  the  resist- 
ance in  a magnetic  field.  L.  Amadiizzi  and  M.  Padoa  found  that  isomorphous 
mixtures  of  selenium  and  tellurium  show  photoelectric  sensibilities — ratio  of  the 
conductivity  in  darkness  and  in  light — such  that  with  0-887  to  10-081  at.  per 
cent.  Te,  the  curve  falls  rapidly  at  first  and  then  slowly  with  increasing  tellurium 
content. 

C.  A.  Kraus  and  E.  W.  Johnson  gave  for  the  sp.  resistance,  R,  of  tellurium : 

480-5°  466-0°  449-1°  431-8°  404-7°  380-5°  363°. 

R X 103  0-488  0-525  0-579  0-663  11-69  13-31  14-81 

V V- ' v V ' 

Liquid  Solid 

and  for  the  resistance  at  440°  of  mixtures  of  tellurium  and  sulphur  : 

S . 0-0  5-0  30-0  50-0  70-0  75-0  77-5  80-0  85-0  per  cent. 

R . 0-036410  0-038910  0-2390  1 5-71  1870  10,920  33-650  114,500  231,700 

B.  Lange  and  W.  Heller  studied  the  thermoelectric  force  of  the  tellurium- 
platinum  couple  between  —75°  and  90p,  and  found  that  the  thermoelectric  force 
is  almost  constant,  but  it  increases  linearly  from  0°  to  40°,  and  nearly  linearly  up 
to  400°.  A.  Teichmann  also  measured  the  thermoelectric  force  of  this  couple. 
W.  Ogawa  also  found  the  e.m.f.  of  the  thermocouple  with  copper  and  tellurium  to 
be  — lOOOju  volts,  and  the  current  passes  from  tellurium  to  the  copper  at  the  hot 
junction. 

M.  A.  Levitsky  and  M.  A.  Lukomsky  found  that  the  bismuth-tellurium  couple 
gives  a current  of  360  microvolts  per  degree  or  three  times  that  of  the  iron-con- 
stantan  couple. 

A.  von  Ettinghausen  observed  the  change  in  the  resistance  of  tellurium  when 
exposed  to  a magnetic  field  ; C.  W.  Heaps  found  that  for  small  magnetic  fields,  of 
strength  H,  the  effect  on  the  resistance,  R is  dR/ R=l00-0  X10~12H2  for  transverse 
fields,  and  dR/R= 27-7  X 10~12H2  for  longitudinal  fields.  The  subject  was  studied 
by  P.  Kapitza.  According  to  P.  I.  Wold,  the  change  of  resistance  in  the  magnetic 
field  is  proportional  to  the  square  of  the  field  strength.  The  resistance  of  tellurium 
was  very  variable  at  ordinary  temp.,  depending  on  the  previous  heat-treatment, 
but  diminished  with  rise  of  temp,  and  in  all  cases  approximated  to  the  same  value 
at  150°  C.  The  increment  in  resistance  in  the  magnetic  field  was  greater  at  the 
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lower  temp.,  the  curve  connecting  change  of  resistance  and  temp,  being  very  similar 
to  that  for  resistance  and  temp. 

The  Hall  effect  in  tellurium  is  abnormally  large  (sixty  times  greater  than  in 
bismuth),  so  that  if  there  is  any  close  connection  between  the  Hall  effect  and  the 
change  of  resistance  in  a magnetic  field  one  would  expect  the  curve  for  the  latter 
phenomenon  to  exhibit  abnormal  properties.  The  relatively  large  values  of  dR/R  in 
tellurium,  however,  are  small  compared  with  those  of  dRJR  in  bismuth.  P.  I.  Wold, 
and  F.  W.  Warburton  studied  the  Hall  effect  with  tellurium.  P.  I.  Wold  found  the 
Hall  effect  is  practically  independent  of  the  field  strength — up  to  15,000  c.g.-s.  units. 
There  is  a disymmetry  with  reversal  of  field,  but  since  this  is  proportional  to  the 
square  of  the  field  it  is  due  to  the  Hall  electrodes  not  being  exactly  on  an 
equipotential.  At  ordinary  temp,  the  Hall  constant  is  positive,  but  it  diminishes 
rapidly  with  rise  of  temp.,  changes  sign,  and  with  further  rise  of  temp,  reverses  to 
positive  again.  The  initial  value  depends  on  the  heat-treatment,  but  there  is 
always  the  double  reversal  as  the  temp,  rises.  It  is  only  at  ordinary  temp,  that 
widely  different  values  of  the  constant  are  obtained  ; at  higher  temp,  the  curves  for 
different  heat  treatments  approach  each  other,  and  the  reversal  to  the  second 
positive  value  occurs  at  245°  C.  This  behaviour  cannot  be  regarded  as  due  to 
impurities,  special  precautions  having  been  taken  in  preparation  of  the  specimen,  and 
analysis  showed  the  amount  of  oxide  present  to  be  exceedingly  small.  The  author 
considers  it  due  to  the  existence  of  two  crystalline  forms,  a and  fi.  According  to 
W.  Haken,  the  a modification  is  stable  below  354°  C.  and  the form  above  this  temp. 
The  author  assumes  a positive  Hall  constant  for  the  jS  modification  and  a negative 
for  the  a.  As  the  Te  is  cooled  the  j8  form  passes  into  the  a form,  but  the  quantity 
making  the  transition  will  vary.  A curve  connect;  ag  thermoelectric  power  and 
temp,  has  a shape  similar  to  that  for  Hall  constant  and  temp.  Measurements  of  the 
Hall  constant  for  liquid  tellurium  were  unsatisfactory.  The  Hall  effect  has  not  been 
observed  with  amorphous  substances — excluding  gases — and  it  seems  as  if  a 
crystalline  structure  is  necessary  for  the  Hall  effect.  The  Ettinghausen-effect  was 
found  to  be  proportional  to  the  field  strength  and  to  increase  with  rise  of  temp. 
The  Nernst-effect  was  also  approximately  proportional  to  the  field,  but  diminished 
in  value  with  increase  of  mean  temp,  of  the  plate.  The  Leduc-effect  was 
proportional  to  the  field  strength.  A diminution  of  about  19  per  cent,  in  the  thermal 
conductivity  was  observed  in  a field  of  6500  c.g.s.,  the  mean  temp,  of  the  plate 
being  45-3°  C.  G.  Polvani  observed  a lag  with  respect  to  the  magnetic  field  of  the 
Hall  effect. 

Observations  on  the  electrolysis  of  dil.  soln.  of  potassium  hydroxide  with 
tellurium  electrodes  were  made  by  J.  W.  Ritter,11  H.  Davy,  H.  G.  Magnus, 
J.  C.  Poggendorff,  C.  Himly,  and  G.  Bredig  and  F.  Haber- — at  the  platinum  anode, 
there  is  an  evolution  of  oxygen,  but  no  hydrogen  is  given  off  at  the  cathode.  The 
tellurium  passes  into  soln.  as  violet  potassium  telluride,  and  then  is  precipitated 
by  the  anodic  oxygen.  The  observations  of  E.  Muller,  and  R.  Lucas  are  indicated 
above  in  connection  with  colloidal  tellurium.  E.  Muller  and  R.  Nowakowsky  added 
that  in  OliV-KOH,  selenium  dissolves  at  the  cathode  with  the  valency  0-67  to  075, 
sulphur  with  the  valency  0-57  to  0-89,  and  tellurium  dissolves  with  valency  about 
0-9.  The  potentials  at  which  soln.  begins  (measured  against  the  0-liV  calomel 
electrode)  are  sulphur  0-53  volt,  selenium  0-804  volt,  tellurium  0-07  volt.  M.  le 
Blanc  observed  that  tellurium  as  cathode  readily  dissolves  in  alkaline  soln.,  but  the 
dust  observed  by  E.  Muller,  and  R.  Lucas  is  not  obtained  with  very  cone.  soln.  of 
potassium  hydroxide.  M.  le  Blanc  found  that  tellurium  in  2V-K0H  dissolves  both 
as  anode  and  cathode.  At  the  cathode  it  yields  a red  soln.  of  polytelluride.  At  the 
anode  it  dissolves  with  a valency  of  nearly  four,  in  the  form  of  Te  ''-ions  the  greater 
part  of  which  react  with  hydroxyl  ions,  forming  Te03"-ions.  Tellurium  is  insoluble 
in  a normal  soln.  of  potassium  hydroxide  from  which  oxygen  is  excluded.  In  a 
10iV-soln.,  however,  it  dissolves  at  100°  to  a red  soln.,  from  which  it  separates  again 
on  cooling  or  dilution.  This  points  to  the  simultaneous  presence  of  positive  and 
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negative  tellurium  ions.  A red  soln.  prepared  by  cathodic  soln.  of  tellurium,  and 
containing  only  negative  ions,  is  permanent.  No  tellurium  dissolves  when  an 
alternating  current  is  passed  between  tellurium  electrodes  in  W-potassium  hydroxide 
soln.,  but  in  lON-soln.  dissolution  takes  place,  the  quantity  dissolved  increasing 
as  the  number  of  alternations  per  minute  decreases.  Red  soln.  are  formed  from 
which  tellurium  soon  begins  to  separate.  The  observations  are  most  simply 
explained  by  supposing  that  tellurium  dissolves  at  the  cathode  in  the  form  of 
Te"-ions  and  at  the  anode  as  Te"'-ions.  Equilibrium  exists  in  soln.  between  these 
ions  and  free  tellurium,  3Te^2Te"+Te”\  In  very  cone,  alkaline  soln.,  the 
equilibrium  requires  the  presence  of  measurable  quantities  of  the  substances  on  the 
right-hand  side  of  the  equation,  but  in  dil.  soln.  it  is  displaced  almost  entirely  towards 
the  left-hand  side  of  the  equation.  According  to  E.  Muller,  the  cathodic 
decomposition  potential  of  tellurous  acid  in  2iV-sulphuric  acid  is  —008  volt.  No 
deposition  potential  could  be  obtained  for  tellurium  from  a 2,/V-sulphuric  acid  soln. 
of  telluric  acid,  from  which  it  follows  that  tellurium  cannot  be  deposited  from  telluric 
acid.  According  to  L.  Schucht,  with  dil.  soln.  of  tellurous  acid,  tellurium  is  deposited 
loosely  on  the  anode  ; and  with  a cone.  soln.  the  separated  tellurium  floats  in  the 
liquid.  E.  Miiller  also  observed  that  when  faintly  alkaline  soln.  of  sodium  tellurite 
or  tellurate  are  electrolyzed  there  is  a marked  reduction  to  tellurium  which  is  not 
hindered  by  the  presence  of  chromates.  According  to  J.  Lukas  and  A.  Jilek,  a 
bright,  adherent  deposit  of  tellurium  with  a silvery  lustre  can  be  obtained  by  dis- 
solving say  3 grms.  of  a tellurium  compound  in  3 c.c.  of  hot,  cone,  sulphuric  acid. 
The  cold  soln.  is  diluted  with  water  and  0-5  grm.  of  tartaric  acid  added,  followed  by 
ammonia  until  neutral  to  methyl-red  ; the  soln.  is  acidified  with  3 grms.  of  malonic 
acid,  cooled  to  18°,  treated  with  10  grms.  of  ammonium  sulphate  diluted  to 
120-150  c.c.  and  electrolyzed  with  a rotating  anode  in  a platinum  dish  at  2 volts. 
The  current,  originally  0-03-0-09  amp.,  falls  to  0-004-0-007  amp.  when  the  tellurium 
is  completely  deposited.  Without  shutting  off  the  current,  the  deposit  is  washed 
first  with  water,  then  with  alcohol,  dried  at  100°,  and  weighed  ; it  should  possess  a 
bright,  silvery  lustre  and  be  firmly  adherent  to  the  dish.  Tellurium  is  amphoteric, 
for,  when  used  as  cathode  in  the  electrolysis  of  potassium  hydroxide, 
J.  Kasarnowsky  found  that  it  dissolves  as  a univalent  element  forming  potassium 
telluride,  K2Te2,  but  when  used  as  anode  in  the  electrolysis  of  hydrochloric  acid,  the 
tellurium  passes  into  soln.  as  a quadrivalent  metal  forming  tellurium  tetrachloride. 
The  normal  potential  of  the  system  Te/Te2"  in  potassium  hydroxide  soln.  is  —0-818 
volt ; and  with  the  system  Te/Te"“,  0-549  volt.  The  thermal  value  for  the  system  : 
3Te^Te"”+2Te  is  136  Cals.;  of  5Te^Te""+2Te2"  is  -129  Cals.;  and 
Te+Te,,=Te2//  is  3-5  Cals.  Tellurium  as  a metal  comes  between  copper  and  silver 
in  the  electrochemical  series,  and  it  is  the  “ noblest  ” of  the  metalloids.  The 
hypothetical  system  Te  | iV-Te”",  A'-Te2,/  | Te  should  have  an  ionic  product 
[Te""][Te2,,]2=10~95,  which  gives  a measure  of  the  amount  of  ionization  into 
positive  and  negative  ions.  F.  W.  Bergstrom  found  that  in  liquid  ammonia  the 
electrochemical  series  is  Pb,  Bi,  Sn,  Sb,  As,  P,  Te,  Se,  S,  and  I.  W.  Haken  observed 
a discontinuity  in  the  thermoelectric  properties  at  354°  due,  he  supposed,  to  the 
existence  of  two  allotropes. 

H.  Euler  observed  that  the  cell  Te  | sat.  soln.  H2Te04,  2V-KC1  | HgCl  gave  no 
potential  difference,  but  with  other  specimens  of  tellurium  higher  and  lower  values 
were  obtained ; and  with  the  cell  Te  | TeCl2, 2V-KC1  | HgCl,  0-19  volt  was  observed 
by  R.  Lorenz  and  J.  Egli.  G.  C.  Schmidt  in  studying  the  passivity  of  metals  found 
that  there  is  so  small  a change  of  potential  on  polishing  tellurium  as  to  be  scarcely 
detectable.  G.  Gallo  obtained  127-61  for  the  electro-chemical  equivalent  of 
tellurium,  and  added  that  it  generally  goes  into  soln.  as  quadrivalent  tellurium, 
but  with  iV-HCl,  or  10  per  cent,  potassium  chloride,  potassium  nitrate,  or  sodium 
pyrophosphate  and  hydrochloric  acid,  it  goes  into  soln.  as  sexivalent  tellurium, 
never  as  bivalent  tellurium.  D.  Reich  instein  found  for  the  electrode  potential 
Te  >Te,  0-558  volt;  for  Te->Te2",  — 0-827;  and  the  e.m.f.  of  the  cell 
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Te  | Te"",  Te2"  | Te  is  1-385  volt.  The  solubility  product[Te'"'j[Te2"j2=6-2  x 10-97 ; 
and  the  constant  A=[Te'"‘][OH']6/[TeO"]  is  2xl0— 47.  R.  Schumann  found 
that  the  e.m.f.  of  the  cell  TesoiidTeO^oiid  | 0-10  to  0-742V-HC104  | H2(l  atm.) 
is  —0-5286  volt  at  25°,  and  —0-5213  Volt  at  45°.  The  reduction  potential  for 
Tesoiid+2H20=Te0(0H) +3H  -(-4( — ) is  —0-5509  volt.  J.  Kasarnowsky  gave 
—0-91  volt  for  the  normal  potential  Te2',->Teraetai-  F.  Joliot  measured  the  deposi- 
tion potential  of  tellurium.  A.  C.  Krueger  and  L.  Kahlenberg,  and  S.  J.  French 
and  L.  Kahlenberg  studied  tellurium-gas  cells  where  the  gas  is  oxygen,  hydrogen, 
helium,  argon,  or  nitrogen. 

E.  T.  Wherry  12  found  tellurium  to  be  a poor  radio-detector.  W.  Ogawa,  and 
I.  Stransky  discussed  the  rectifying  action  of  tellurides.  A.  Giinther-Schulze 
described  the  cathodic  spluttering  of  tellurium. 

The  diamagnetism  of  tellurium  was  observed  by  J.  C.  Poggendorff,13  F.  Zante- 
deschi,  and  A.  Oppenheim.  J.  Konigsberger  found  the  magnetic  susceptibility 
to  be  — 2-lxlO-6  vol.  unit;  S.  Meyer,  — 0-6  XlO-6  vol.  unit  at  18°;  and  A.  von 
Ettinghausen,  — l-6xl0_e  vol.  unit.  P.  Curie  gave  — 0-3 xlO-6  mass  unit 
between  20°  and  305°;  G.  Wistrand,  — 1-70  XlO-6  mass  unit;  P.  Curie, 
— 0-303  X 10— 3 mass  unit;  J.  C.  McLennan  and  E.  Cohen,  0-308 X 10— 6 mass 
unit;  K.  Honda,  — 0-32xl0“6  mass  unit  between  18°  and  440°;  and  for  the 
molten  element  above  440°,  —0-04 XlO-6  mass  unit.  A.  Dauvillier  discussed  the 
diamagnetism  and  at.  structure  of  tellurium.  P.  Pascal  gave  —378 XlO-7  for  the 
atomic  susceptibility  ; and  S.  S.  Bhatnagar  and  C.  L.  Dhawan,  —40-5  X 10~6. 
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§ 4.  The  Chemical  Reactions  of  Tellurium 

In  agreement  with  the  general  observation  that  the  basic  properties  of  the  natural 
families  of  elements  increase  with  rising  atomic  weight  tellurium  exhibits  a greater 
basicity  than  selenium  and  sulphur.  Sulphur  is  decidedly  an  acidic  element,  the 
acid  character  is  weaker  with  selenium,  and  weaker  still  with  tellurium.  The 
last-named  element  exhibits  feeble  basic  qualities  since  it  forms  a tartrate,  basic 
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sulphite  and  basic  nitrate,  and  in  this  respect  it  exhibits  the  characters  of  a metal. 
Tellurium  also  resembles  metal  in  general  appearances.  Lord  Rayleigh  and 
W.  Ramsay,1  and  F.  Fischer  and  F.  Schrotter  were  unable  to  form  a compound 
of  argon  and  tellurium.  According  to  H.  Davy,  F.  Becker,  J.  Lowe,  E.  Priwoznik, 
F.  Jones,  M.  G.  Weber,  and  B.  Brauner  when  tellurium  is  distilled  in  hydrogen  a 
little  tellurium  hydride  is  formed  ; but  A.  Gutbier  said  that  this  is  not  the 
case  with  purified  tellurium.  A.  Ditte  observed  that  tellurium  hydride  is  formed 
if  tellurium  be  heated  with  hydrogen  in  a sealed  tube.  J.  J.  Berzelius  said  that 
crystalline  tellurium  does  not  change  in  air,  but  precipitated  tellurium,  when  dried 
in  air,  is  slightly  oxidized,  while  B.  Brauner,  M.  Berthelot  and  C.  Fabre,  and 
A.  Gutbier  found  that  a slight  oxidation  occurs  during  the  washing  of  precipitated 
tellurium  ; and  tellurium  can  be  detected  in  the  runnings  from  the  filter  ; if  allowed 
to  stand  exposed  to  air  in  the  presence  of  hydrochloric  acid,  much  tellurium  tetra- 
chloride passes  into  soln.  J.  J.  Berzelius  said  that  tellurium,  heated  in  air  some- 
what above  its  m.p'.,  burns  with  a bright  blue  flame  which  is  green  at  the  edges. 
The  flame  is  attended  by  a white  cloud  of  the  oxide,  which,  according  to  J.  J.  Ber- 
zelius,' and  H.  G.  Magnus,  has  a faint  unpleasant  odour  different  from  that  of 
selenium  ; the  horse-radish  oxide  reported  by  M.  H.  Klaproth  is  attributed  to  the 
presence  of  admixed  selenium.  H.  B.  Baker  and  H.  B.  Dixon  observed  that 
tellurium  is  one  of  the  few  elements  which  will  burn  in  thoroughly  dried  oxygen. 
A.  Mailfert  said  that  in  the  presence  of  water  ozone  oxidizes  tellurium  to  telluric 
acid.  C.  F.  Cross  and  A.  F.  Higgin  said  that  water  does  not  act  on  tellurium  either 
at  ordinary  temp,  or  when  heated  in  a sealed  tube  at  160°.  H.  V.  Regnault  also 
found  that  tellurium  does  not  decompose  water  at  a red-heat.  L.  J.  Thenard 
observed  that  hydrogen  dioxide  does  not  act  on  tellurium ; but  A.  Gutbier  and 
F.  Resenscheck  found  that  a soln.  of  the  element  in  potash-lye  is  oxidized  to  tellurate. 
G Schluck  found  that  colloidal  tellurium  is  acted  on  by  very  dil.  soln.  of  the  dioxide, 
whilst  the  crystalline  modification  only  reacts  slowly  with  60  per  cent,  hydrogen 
dioxide  at  100°.  The  rate  of  dissolution  increases  with  the  amount  of  telluric 
acid  formed.  Amorphous  tellurium,  precipitated  from  hydrochloric  acid  soln.  by 
sulphur  dioxide  and  dried  at  105°,  behaves  similarly  to  crystalline  tellurium,  but 
if  the  amorphous  variety  is  dried  by  treatment  with  alcohol  and  ether,  it  dissolves 
quite  readily  in  cone,  hydrogen  dioxide  soln.  P.  Kothner  observed  that  an  aq. 
soln.  of  sodium  dioxide  converts  tellurium  into  the  trioxide  which  dissolves  as 
tellurate. 

H.  Moissan  found  that  fluorine  reacts  with  tellurium  with  incandescence  form- 
ing a crystalline  fluoride.  H.  Davy  said  that  tellurium  burns  to  the  tetrachloride 
in  chlorine.  H.  Rose  found  that  chlorine  does  not  attack  powdered  crystalline 
tellurium  in  the  cold  ; but  when  feebly  warmed,  a reaction  sets  in  with  mean-,, 
descence  forming  tellurium  di-  or  tetrachloride  according  as  the  tellurium  or  the 
chlorine  is  in  excess.  On  the  other  hand,  J.  Thomsen  said  that  chlorine  reacts 
slowly  with  tellurium  at  ordinary  temp.,  and  if  a little  sulphur  be  present,  the 
reaction  is  faster.  C.  Willgerodt  studied  tellurium  as  a catalyst — chlorubertrdger — 
in  the  chlorination  of  organic  compounds.  J.  J.  Berzelius  found  that  bromine 
reacts  with  tellurium  at  ordinary  temp.,  with  the  disengagement  of  heat,  forming 
a bromide  ; tellurium  and  iodine  can  be  melted  together  in  any  proportions  ; and 
if  a mixture  is  heated  strongly  enough  tellurium  .iodide  sublimes.  0.  Ruff  and 
H.  Krug  showed  that  tellurium  reacts  with  incandescence  with  chlorine  fluoride. 
W.  Engelhardt  observed  that  colloidal  tellurium  readily  reacts  with  a soln.  of  iodine 
and  potassium  iodide.  J.  Thomsen  said  that  hydrochloric  acid  is  without  action 
on  tellurium.  According  to  V.  Lenher,  although  tellurium  is  ordinarily  considered 
to  be  insoluble  in  hydrochloric  acid,  yet  it  is  actually  attacked  slightly  by  the  acid 
when  exposed  to  the  air,  if  sufficient  time  is  allowed  for  contact.  This  action  can 
be  demonstrated  by  bubbling  a current  of  air,  for  several  weeks,  through  cone, 
hydrochloric  acid  in  which  is  suspended  metallic  tellurium.  In  a comparatively 
short  time  the  acid  becomes  yellow,  indicating  the  presence  of  tetrachloride. 
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J.  J.  Berzelius  said  that  sulphur  can  be  melted  with  tellurium  in  all  proportions 
— vide  infra,  tellurium  sulphide.  R.  Weber,  and  E.  Divers  and  M.  Shimose  observed 
that  dry  sulphur  dioxide  reacts  with  tellurium  at  30°  forming  red  tellurium  sulpho- 
trioxide.  F.  J.  Muller  von  Reichenstein,  and  M.  H.  Klaproth,  N.  W.  Fischer. 
H.  G.  Magnus,  and  H.  Rose,  and  E.  Divers  and  M.  Shimose  found  that  cone,  or 
fuming  sulphuric  acid  dissolves  tellurium  at  ordinary  temp,  forming  a red  soln. ; 
and,  according  to  N.  W.  Fischer,  with  the  cone,  acid,  sulphur  dioxide  is  evolved. 
Tellurium  separates  out  when  water  is  added  to  the  soln.,  and  when  heated,  sulphur 
dioxide  is  evolved.  The  colour  of  the  soln.,  said  R.  Weber,  is  probably  due  to  the 
formation  of  tellurium  sulphotrioxide.  M.  G.  Levi  and  co-workers  found  that  a 
soln.  of  potassium  persulphate  dissolves  tellurium ; E.  Moles  found  that  tellurium 
reacts  with  sulphuric  acid  giving  a soln.  with  an  increased  conductivity,  and  hence 
mol.  wt.  determinations  are  ambiguous.  According  to  R.  Auerbach,  tellurium  in 
accord  with  its  metallic  character  dissolves  in  pyrosulphuric  acid  as  monatomic 
molecules,  and  in  coagulation,  the  colour  changes  from  red,  through  violet,  to  blue 
— cf.  selenium  oxysulphates.  J.  Thomsen  said  that  tellurium  vigorously  decom- 
poses sulphur  monochloride  forming  tellurium  tetrachloride ; and  this  was  shown 
by  V.  Lenher  to  occur  when  the  monochloride  is  in  excess,  while  F.  Krafft  and 
0.  Steiner  found  that  the  dichloride  is  produced  if  the  tellurium  be  in  excess. 
W.  Prandtl  and  P.  Borinsky  said  that  selenium  or  tellurium  forms  with  chloro- 
sulphuric  acid  an  unstable  soln.  containing,  respectively,  SeS03  or  TeS03 ; it 
reacts  with  pyrosulphuryl  chloride  to  form  TeCl4.S03,  in  accord  with  the  equation  : 
Te+2S205Cl2=S03.TeCl4-f  2S02+S03  ; chlorosulphonic  acid  reacts : Te+HClS03 
=HCl-]-TeS03 ; and  sulphuryl  chloride  is  without  action  in  the  cold  but  forms 
the  tetrachloride  when  heated,  while  B.  von  Horvath  said  that  purified  tellurium 
reacts  at  ordinary  temp.,  and  at  a red-heat  forms  tellurium  tetrachloride  and 
sulphur  dioxide  ; thionyl  chloride  yields  the  same  products  together  with  sulphur. 
V.  Lenher  also  studied  the  action  of  sulphuryl  and  thionyl  chlorides  on  tellurium. 
L.  Tschugaeff  and  W.  Chlopin  found  that  in  an  atm.  free  from  oxygen  tellurium 
dissolves  in  sodium  hydroxide  containing  sodium  hyposulphite  forming  sodium 
telluride.  J.  J.  Berzelius  observed  that  selenium  and  tellurium  can  be  melted 
together  in  all  proportions,  and  heat  is  at  the  same  time  evolved — vide  supra. 
C.  A.  Cameron  and  J.  Macallan  found  that  selenic  acid  dissolves  tellurium  in  the 
cold  forming  a red  soln.  which  is  decomposed  by  water  with  the  separation  of 
tellurium  ; the  red  substance  is  probably  tellurium  selenotrioxide. 

G.  Gore,  E.  C.  Franklin  and  C.  A.  Kraus,  and  C.  Hugot  found  that  tellurium 
is  unchanged  by  liquid  ammonia.  F.  W.  Bergstrom  found  that  tellurium  reacts 
fairly  quickly  with  the  amides  of  potassium  and  sodium  at  ordinary  temp.,  and 
slowly  at  —33°.  C.  A.  Kraus  discussed  the  complex  anions  formed  by  tellurium 
in  ammonia  soln.  C.  C.  Palit  and  N.  R.  Dhar  observed  that  13  and  26  per  cent, 
nitric  acid  exert  but  a slight  action  on  tellurium  in  3 hrs.  According  to  A.  Oppen- 
heim,  when  a mixture  of  phosphorus  and  powdered  tellurium  is  warmed,  part  of 
the  tellurium  forms  a black  compound,  and  part  burns  to  phosphorus  oxide. 
V.  Lenher  observed  that  phosphorus  trichloride,  and  phosphoryl  trichloride  are 
without  action  on  tellurium.  J.  J.  Berzelius,  and  A.  Oppenheim  said  that  tellurium 
and  arsenic  can  be  melted  together  in  all  proportions ; and  similarly  with  antimony 
or  bismuth.  F.  Jones  found  that  arsine  is  converted  by  tellurium  into  arsenic 
telluride  and  hydrogen  telluride  ; and  stibine  behaves  in  an  analogous  manner. 
J.  Hoffmann  observed  no  characteristic  coloration  is  produced  by  tellurium  in 
molten  borax  ; the  tellurium  is  sparingly  dissolved,  and  forms  a regulus.  On  the 
other  hand,  sodium  telluride  colours  the  molten  borax  brown  or  black.  Molten 
boric  acid  dissolves  some  telluride  and  when  cold  the  mass  is  brown ; with  fused 
microcosmic  salt,  and  sodium  telluride,  a reddish-brown  glass  is  formed,  which, 
on  the  addition  of  boric  oxide,  becomes  amber-yellow.  P.  Fenaroli  found  that, 
as  in  the  case  of  selenium,  the  oxidized  element  does  not  colour  glass,  but  if  reducing 
conditions  are  present  blue,  brown,  and  red  glasses  are  produced.  Some  contain 


28 


INORGANIC  AND  THEORETICAL  CHEMISTRY 


colloidal  soln.  of  the  element,  and  others,  polytellurides.  The  former  correspond 
completely  with  the  tellurium  hydrosols,  and  are,  like  them,  of  two  fundamental 
colours,  blue  and  brown,  analogous  to  the  red  selenium  glass.  The  blue.,  glass 
contains  larger  colloidal  particles  than  the  brown.  The  glass  containing  polytel- 
lurides is  red,  or  violet-red,  and  has  an  absorption  spectrum  which  corresponds 
exactly  with  that  of  aq.  soln.  of  polytellurides,  showing  an  absorption  from  the 
green  to  the  violet,  with  a distinct  maximum  between  480  and  490/x//,. 

J.  W.  Retgers  found  that  tellurium  is  not  dissolved  by  benzene,  or  xylene  ; 
and  with  methylene  iodide  it  forms  a dark  brown  soln. — 100  parts  of  the  solvent 
dissolve  0-1  part  of  tellurium  at  12°.  " W.  Muthmann  said  that  the  methylene 
iodide  dissolves  tellurium  only  when  the  liquid  contains  a little  free  iodine,  but  this 
was  contradicted  by  J.  W.  Retgers.  A.  Gutbier  added  that  tellurium  decomposes 
the  methylene  iodide  and  passes  into  soln.  as  tellurium  iodide.  A.  Oppenheim’s 
observations  on  the  action  of  a soln.  of  potassium  cyanide  have  been  discussed 
in  connection  with  the  separation  of  this  element  from  selenium  and  sulphur. 
Y.  Lenher  observed  that  carbon  tetrachloride  does  not  react  with  tellurium ; and 
K.  Lindner  and  L.  Apolant  found  that  when  tellurium  is  heated  with  carbonyl 
chloride,  tellurium  dichloride  is  formed.  H.  Wayts  and  G.  Cosyno  studied  the 
action  of  tellurium  on  organo-magnesium  compounds.  A.  C.  Vournasos  found 
that  when  heated  with  sodium  formate,  tellurium  hydride  is  formed.  J.  Dean 
studied  some  organic  compounds  of  tellurium. 

The  action  of  tellurium  on  the  metals  is  indicated  in  connection  with  the  tellu- 
rides.  According  to  M.  le  Blanc,  when  tellurium  is  heated  with  a iV-soln.  of  potas- 
sium hydroxide,  while  protected  from  air,  no  action  occurs  at  ordinary  temp,  or 
at  100°  ; but  with  a 10Y-soln.,  the  liquid  becomes  blood-red  and  the  dissolved 
tellurium  is  precipitated  when  the  soln.  is  diluted.  H.  Rose  observed  the  formation 
of  tellurides  when  tellurium  is  melted  with  alkali  hydroxide ; and  J.  J.  Berzelius 
observed  a similar  result  with  alkali  carbonate.  M.  Websky  said  that  when  tellu- 
rium is  fused  with  potassium  hydrosulphate,  tellurium  dioxide,  or  potassium 
tellurite  is  formed ; and  F.  Becker  found  that  fused  potassium  nitrate  forms  alkali 
tellurate ; and  similarly  also  with  a fused  mixture  of  potassium  hydroxide  and 
chlorate — vide  the  tellurates.  Tellurium  acts  as  a reducing  agent  on  many  salts 
of  the  heavy  metals.  Thus,  J.  B.  Senderens  obtained  a partial  reduction  of  copper 
sulphate  or  acetate,  and  he  represented  the  reaction  of  powdered  tellurium  with 
silver  nitrate  at  100°  by  4AgN03+ 3Te+3H20=2Ag2Te+H2Te03+4HN03.  In 
sealed  tubes,  the  precipitation  of  the  silver  by  tellurium  is  always  complete,  and 
if  the  tellurium  is  in  excess,  the  nitric  acid  which  is  formed  is  decomposed  with 
production  of  nitrogen  peroxide  even  in  dil.  soln.  Silver  nitrate  in  soln.  is  com- 
pletely although  slowly  reduced  by  selenium  and  tellurium  at  the  ordinary  temp. 
R.  D.  Hall  and  V.  Lenher,  and  F.  Hundeshagen,  represented  the  action  on  gold 
chloride  by  4AuCl3+3Te=3TeCl4+4Au.  Selenium  reduced  a soln.  of  gold  chloride 
only  when  boiled  ; so  that  tellurium  is  a more  active  reducing  agent  than  selenium. 
R.  Bottger  found  that  ferric  salts — sulphate,  ferrocyanide,  etc.— are  reduced  to 
ferrous  salts.  F.  W.  Bergstrom  found  that  tellurium  failed  to  react  with  magnesium, 
arsenic,  or  copper  in  liquid  ammonia,  but  did  dissolve  very  slowly  in  soln.  of 
aluminium  and  potassium  cyanides.  Evaporation  of  these  soln.  to  dryness  appeared 
to  cause  decomposition  into  cyanide  and  elementary  tellurium.  No  definite  com- 
pounds were  isolated.  Arsenic  failed  to  react  with  soln.  of  potassium  or  aluminium 
cyanides  over  a long  period  of  time.  E.  Kessler,  and  A.  Gutbier  and  co-workers 
studied  the  purple  substance,  analogous  to  purple  of  Cassins,  produced  by  the 
deposition  of  tellurium  on  stannic  hydroxide — that  is,  tellurium-tin  purple. 
H.  Lessheim  and  co-workers  discussed  the  co-ordination  number  of  tellurium  in 
its  complex  salts. 

Some  reactions  of  analytical  interest. — As  in  the  case  of  selenium,  tellurium 
forms  two  acids — tellurous  and  telluric  acids.  When  a soln.  of  a tellurite  is  treated 
with  hydrochloric  acid,  a white  precipitate  of  tellurous  acid,  H3Te03,  may  be  formed 
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in  cone.  soln. ; with  a soln.  of  a tellurate,  there  is  no  precipitation,  but  if  the  soln. 
be  boiled,  chlorine  is  evolved,  and  when  water  is  added,  tellurous  acid  may  be  pre- 
cipitated. Acidic  soln.  of  a tellurite  yield  a brown  precipitate  of  tellurium  sulphide, 
TeS2,  when  treated  with  hydrogen  sulphide,  and  the  precipitate  is  soluble  in 
ammonium  sulphide  soln. ; under  similar  conditions  the  tellurates  behave  like  the 
tellurites  to  which  they  are  reduced.  As  previously  indicated — vide  Figs.  1 and  2 
of  the  previous  chapter — sulphur  dioxide  precipitates  tellurium  completely  from 
dil.  hydrochloric  acid  soln.,  and  this  even  in  the  presence  of  tartaric  acid ; but 
with  a cone,  hydrochloric  acid  soln.,  unlike  selenious  acid,  no  tellurium  is  precipi- 
tated even  on  boiling.  Tellurous  and  telluric  acids  give  similar  products  when 
treated  with  reducing  agents — stannous  chloride  precipitates  black  tellurium  if 
the  soln.  be  not  too  acid ; zinc  gives  a similar  precipitate ; phosphorous  acid  pre- 
cipitates tellurium  from  cone,  soln.,  but  not  from  cold,  dil.  soln. ; and  ferrous 
sulphate  gives  no  precipitate  with  tellurous  or  telluric  acids  although  with  the 
selenium  acids  precipitation  occurs. 

According  to  P.  Jannasch,2  an  ammoniacal  soln.  of  hydroxylamine  reduces 
tellurous  and  telluric  acids  causing  the  complete  precipitation  of  the  tellurium, 
whilst  an  acidic  soln.  of  this  reagent  is  without  action  on  these  acids ; hydroxyl- 
amine may  therefore  be  employed  in  separating  selenium  and  tellurium.  The 
selenium  is  completely  precipitated  when  a hydrochloric  acid  soln.  of  these  elements 
is  boiled  with  hydroxylamine,  and  the  tellurium  separates  quantitatively  when 
the  filtrate  is  rendered  ammoniacal  and  boiled  with  more  of  the  reducing  agent ; 
four  mols.  of  hydroxylamine  are  required  for  the  reduction  of  one  mol.  of  tellurous 
acid,  water  and  nitrogen  being  produced  at  the  same  time.  Tellurium  is  also 
precipitated  from  its  hydrochloric  acid  soln.  by  hydrazine  sulphate,  but  not  from 
its  soln.  in  nitric  acid ; hydrazine  precipitates  tellurium  quantitatively  from  a 
hot  ammoniacal  soln.  G.  Pellini  said  that  a feebly  acidic  soln.  of  selenium  con- 
taining ammonium  tartrate  gives  a precipitate  with  hydrazine  sulphate,  but  not  so 
with  tellurium ; hydrazine  chloride  precipitates  both  selenium  and  tellurium. 
For  the  action  of  other  reducing  agents — vide  infra,  tellurous  and  telluric  acid. 
With  magnesia  mixture,  tellurites  'give  a white  precipitate ; so  also  with  sodium 
hypophosphate,  and  with  barium  chloride.  G.  Deniges  3 found  that  a soln.  of 
10  grins,  of  mercurous  nitrate  in  10  c.c.  of  nitric  acid  and  100  c.c.  of  water  gives  a 
yellow  crystalline  precipitate  with  telluric  acid  or  tellurates.  If  a tellurium  com- 
pound or  tellurium  be  melted  with  potassium  cyanide  in  a current  of  hydrogen, 
potassium  telluride  is  formed.  When  the  cold  mass  is  dissolved  in  water,  and  a 
current  of  air  passed  through  the  soln.,  unlike  the  case  with  selenium,  the  element 
itself  is  precipitated. 

The  physiological  action  of  tellurium. — Soln.  of  the  tellurium  salts  have  a 
metallic  taste ; and,  according  to  K.  Hansen,4  and  A.  P.  A.  Rabuteau,  they  are 
poisonous.  B.  Turina  found  that  like  selenium  salts,  tellurium — as  tellurite  or 
tellurate — does  not  enter  the  system  of  germinating  or  mature  plants  in  appre- 
ciable quantities  by  way  of  the  root-hairs  ; rather  does  the  root-sap  play  the 
important  role  of  point  of  entry  and  filtration  for  nutrifying  salts.  F.  Czapek  and 
J.  Weil  said  that  in  the  organism  tellurium  salts  are  rapidly  reduced  to  the  metallic 
state,  which  is  harmless.  F.  Wohler,  K.  Hansen,  F.  Mylius,  and  J.  L.  Beyer  were 
of  the  opinion  that  a small  quantity  of  telluric  or  tellurous  acid — Say,  1 mgrm. — 
taken  internally  is  reduced  to  tellurium  simultaneously  forming  a volatile  com- 
pound— possibly  methyl  telluride — which  imparts  to  the  breath  a most  offensive 
odour.  F.  Lehmann  said  that  high  concentrations  of  tellurium  salts  are  fatal  to 
trypanosomes,  but  after  one  hour’s  exposure,  the  following  dilutions  were  not 
lethal : tellurites  1 : 500  ; and  tellurates  1 : 300.  G.  J oachimoglu  and  W.  Hirose 
observed  that  on  an  isolated  frog’s  heart,  sodium  tellurite  is  at  least  two  hundred 
times  as  toxic  as  sodium  tellurate,  and  sodium  selenite  at  least  one  hundred  times 
as  toxic  as  sodium  selenate.  The  selenite  is  also  much  more  toxic  than  the  tellurite. 
The  heart  muscalature  has  a reducing  effect  on  the  first  three  salts  mentioned. 
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On  the  rabbit’s  blood-press.,  sodium  selenite  and  tellurite  have  a more  powerful 
depressor  action  than  sodium  selenate  and  tellurate.  They  also  showed  that 
diphtheria  bacilli  are  less  sensitive  than  the  bacilli  of  the  typhus-coli  group  towards 
tellurites  and  tellurates.  The  former  are  killed  by  cone,  of  tellurites  1 : 420,  and 
tellurates  1 : 125 — while  the  latter  are  killed  at  dilutions  400  times  these  amounts. 
According  to  A.  Massen,  the  solid  compounds  of  selenium  and  tellurium  are  attacked 
by  Penicillium  brevicaule,  forming  volatile  substances.  The  volatile  selenium 
compound  has  a mercaptan-like  odour,  quite  distinct  from  that  of  the  arsenic 
compound,  but  cultures  containing  tellurium  emit  an  odour  resembling  that  of 
garlic.  Whilst  in  the  animal  organism  selenium  and  tellurium  compounds  are 
converted  into  ethyl  derivatives,  in  microbes,  methyl  derivatives  are  formed. 
The  reducing  property  of  the  cells  of  animals  and  microbes  is  due  to  the  presence 
of  a substance  which  can  exercise  this  power  even  when  removed  from  the  tissues, 
but  the  formation  of  methyl  or  ethyl  derivatives  seems,  however,  to  be  really 
dependent  on  vital  processes  occurring  only  in  the  organism.  0.  Rosenheim,  and 

A.  Massen  discussed  the  effects  of  the  presence  of  selenium  and  tellurium  on  the 
biological  tests  for  arsenic.  B.  Gosio  added  that  whilst  all  arsenical  compounds 
are  attacked  only  by  a comparatively  few  species  of  hyphomycetes  ; only  some  of 
tellurium  compounds  are  attacked  by  all  the  varieties  of  hyphomycetes  tried. 
The  action  with  the  tellurium  compounds  is  more  rapid  than  with  arsenical  com- 
pounds, and  under  favourable  conditions  can  be  detected  in  2 or  3 min.  It  is 
said  to  be  probable  that  the  decomposition  of  tellurium  compounds  by  micro- 
organisms is  not  brought  about  by  means  of  products  formed  by  the  organisms, 
but  is  a direct  consequence  of  the  life  or  development  of  the  moulds  or  bacteria. 

B.  Gosio,  and  E.  Scheurlen  recommended  the  use  of  tellurium  compounds  as  tests 
for  bacterial  life  in  substances  supposed  to  have  been  sterilized.  L.  D.  Mead  and 
W.  J.  Gies  found  that  non-toxic  doses  of  tellurium  (as  oxide,  tellurite,  tartrate, 
and  tellurate)  do  not  materially  affect  metabolism  in  dogs.  They  appear  to  stimu- 
late katabolism,  and  diminish  fat  absorption  slightly ; the  urine  is  rendered  dark 
brown.  Large  doses  retard  digestion,  and  induce  vomiting  and  somnolence. 
They  cause  enteritis.  Subcutaneously  injected,  they  cause  diarrhoea,  tremors, 
and  death  from  asphyxia.  At  the  point  of  injection,  tellurium  is  deposited  in  the 
metallic  form,  and  is  distributed  in  most  of  the  organs  and  tissues-.  Methyl  telluride 
appears  in  the  breath  a few  minutes  after  the  introduction  of  quite  small  amounts 
of  tellurium  into  the  system.  It  persists  for  months,  slowly  leaving  the  body, 
by  skin,  lungs,  urine,  bile,  and  faeces.  Of  the  digestive  ferments,  trypsin  is  the  least 
resistive  to  the  destructive  influence  of  the  metal.  Albumin  and  bile  pigment  are 
usually  present  in  the  urine.  T.  Bokorny  said  that  a 0-1  per  cent.  aq.  soln. 
of  telluric  acid,  or  of  potassium  tellurite  or  tellurate,  has  no  action  on  various  algae 
and  infusoria.  W.  Adolphi  described  a case  of  poisoning  from  the  fumes  of 
tellurous  oxide  volatilized  during  the  smelting  of  some  platinum  slimes. 
N.  M.  Stover  and  B.  S.  Hopkins  found  that  sodium  or  potassium  tellurite,  or 
tellurium  acid  tartrate  in  00005iV-  to  0-052V-soln.,  exert  no  perceptible  fungicidal 
action. 

Some  uses  of  tellurium  compounds. — On  account  of  some  industrial  applica- 
tions, tellurium  is  beginning  to  acquire  some  technical  importance.5  It  has  a very 
limited  application  in  the  glass  industry  ; it  is  used  in  the  preparation  of  organic 
dye-stuffs ; in  the  manufacture  of  electrical  equipment ; high  resistance  alloys 
and  ultramarine  ; in  the  colouring  of  lithophone ; the  staining  of  silver ; as  a 
delicate  test  of  sterilization  in  bacteriology  ; and  as  a toning  agent  in  photography. 
A compound  of  tellurium  has  been  used  as  an  anti-knock  constituent  of  motor 
fuels,  and  its  use  is  said  to  lead  to  greater  efficiency  Remarkable  properties  are 
shown  by  the  alloys  of  tellurium  ; the  tin  alloys  are  extremely  hard  and  have 
very  great  tensile  strength  ; and  the  aluminium  alioys  are  very  ductile.  The  silver 
alloys  have  been  used.  The  element  is  poisonous,  and  is  fairly  readily  absorbed — 
c.g.  from  gold  dental  stoppings.  F.  C.  Mathers  and  J.  Papish  used  soln.  of  salts 
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of  tellurium  for  staining  metals  ; C.  Dickens  used  colloidal  tellurium  as  an  insecti- 
cide, germicide,  fungicide,  and  wood  preservative. 
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Engg.,  22.  1100,  1920;  Journ.  Ind.  Eng.  Chem.,  12.  597,  1920;  F.  C.  Mathers  and  J.  Papish, 
U.S.  Pat.  No.  1308092,  1919  ; C.  Dickens,  ib.,  1536379,  1925  ; Chem.  Met.  Engg.,  32.  413,  1925  ; 
H.  A.  Doermer,  Journ.  Franklin  Inst.,  194.  409,  1922  ; C.  M.  Dyson,  Chem.  Age,  19.  17,  1928. 


§ 5.  The  Atomic  Weight  and  Valency  of  Tellurium 


Le  tellure  a done  subi  toutes  les  tortures  auxquelles  un  corps  pent  etre  soumis.  II  a 
6t6  fondu,  sublime,  oxyde,  hydrogene,  dissous  et  precipite,  mais,  le  nombre  125,  repre- 
sentant  le  poids  atomique  de  tellure  pur,  inscrit  dans  son  tableau  periodique  par  Men- 
deleeff,  n’a  ete,  jusqu’ici,  confirm^  par  personne. — G.  N.  WyitouBOFr. 

Tellurium  shows  a clear  and  definite  relationship  to  selenium  and  to  sulphur. 
This  is  evidenced  by  the  valencies  as  shown  by  corresponding  compounds.  Thus, 
tellurium  is  bivalent  in  tellurium  dichloride,  TeCl2,  hydrogen  telluride,  H2Te,  the 
organic  tellurides — e.g.  ethyl  telluride,  (C2H5)2Te,  prepared  by  A.  Marquardt  and 
A.  Michaelis 1 — and  the ' inorganic  tellurides— e.g.  Ag2Te,  etc.  According  to 
F.  Becker,  and  A.  Cahours  the  organic  tellurides  form  additive  compounds  with 
the  alkyl  iodides  yielding  the  so-called'  telluronium  salts — e.g.  triethyl  telluronium 
iodide,  (C2H5)3TeI,  in  which  the  tellurium  is  quadrivalent.  There  are  also  com- 
pounds like  diethyl  tellurium  oxide,  (C2H5)2TeO,  and  the  salts  (C2H6)2TeCl2,  etc., 
in  which  the  tellurium  is  also  quadrivalent.  According  to  G.  Pellini,  (C6H5)2TeBr2 
is  isomorphous  with  the  corresponding  selenium  compound  (C6H5)2SeBr2.  Accord- 
ing to  T.  M.  Lowry,  the  tetrahedral  configuration  of  the  sulphur  and  selenium  does 
not  apply  to  tellurium  since  R.  H.  Vernon  has  isolated  two  stereoisomeric  forms  of 
E.  A.  Dema^ay’s  dimethyl  telluronium  diiodide  : 


CH, 

CH3 


>Te< 


I 

I 


, CTD  „ CH, 
and  I '>Te<'I 


The  isomerism  is  best  explained  on  the  assumption  that  the  four  valencies  of  tellu- 
rium lie  in  one  plane.  In  these  compounds,  two  of  the  valencies  of  tellurium  appear 
to  be  different  from  the  other  two,  whereas  with  sulphur  and  selenium,  one  valency 
appears  to  be  different  from  the  other  three.  Hence,  the  same  argument  which 
indicates  that  the  four  radicles  of  isopropylidene  iodide 


CH, 

CH, 


>C< 


I 

I 


are  not  coplanar  shows  that  the  four  radicles  in  the  analogous  compounds  of  tellu- 
rium have  a square  not  a tetrahedral  configuration.  The  subject,  was  discussed 
by  R.  F.  Goldstein,  and  by  T.  M.  Lowry  and  co-workers.  The  quadrivalency  of 
tellurium  is  also  illustrated  by  tellurium  tetrachloride,  TeCl4,  which,  according 
to  A.  Michaelis,  has  a normal  vap.  density,  and  passes  into  tellurous  acid,  TeO(OH)2, 
when  treated  with  water.  The  sexivalency  of  tellurium  is  represented  by  the 
hexafluoride,  TeF6,  prepared  by  E.  B.  R.  Prideaux,  but  not  so  clearly  in  telluric 
acid,  known  only  in  the  form  of  the  dihydrate,  H2Te04.2H20,  which  may  be  ortho- 
telluric  acid,  Te(OH)6,  and  in  the  tellurates  which  have  a formal  resemblance  to 
the  selenates  and  sulphates.  The  isomorphism  of  these  salts  has  been  previously 
discussed.  I.  I.  Tschernyeff  discussed  the  constitution  of  the  complex  salts  ; 
and  J.  N.  Frers,  the  place  of  tellurium  in  the  periodic  table. 

According  to  the  periodic  law,  tellurium  should  have  an  at.  wt.  between  that  of 
antimony  and  iodine- — that  is,  it  should  be  greater  than  120,  and  less  than  126. 
J.  J.  Berzelius  2 gave  128  for  the  at.  wt.  of  tellurium,  while  iodine  has  an  at.  wt. 
very  near  to  126-5.  D.  I.  Mendeleeff  accepted  125  for  the  at.  wt.  based,  he  said, 
on  the  work  of  B.  Brauner  ; but  this  value  for  the  at.  wt.  of  tellurium  is  too  low  ; 
all  the  best  determinations  agree  that  the  at.  wt.  of  tellurium  is  above  that  of  iodine. 
This  means  that  either  all  the  observations  are  affected  by  a constant  error,  or  else 
the  theory  is  insufficient  to  describe  the  facts. 

B.  Brauner  said  that  tellurium  is  not  a simple  substance,  because  on  distilling 
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tellurium  in  a current  of  hydrogen,  or  the  tetrabromide,  in  vacuo,  it  can  be  separated 
into  two  constituents,  one  more  volatile  than  the  other,  and  having  a different 
at.  wt.  He  added  that  as  a result  of  fractional  precipitation  with  ammonia,  tellu- 
rium as  ordinarily  understood  is  probably  a mixture  of  three  elements,  and  that 
pure,  red  tellurium  remains  to  be  discovered.  P.  E.  Browning  and  R.  Flint  also 
said  that  if  purified  tellurium  tetrachloride  be  partially  hydrolyzed  bv  water,  and 
the  precipitated  tellurium  dioxide  separated  by  filtration  the  tellurium  has  an  at. 
wt.  of  126-53  ; whereas  the  tellurium  salt  remaining  in  soln.,  when  precipitated  by 
ammonia  and  a slight  excess  of  acetic  acid,  contains  tellurium  which  has  an  at.  wt. 
of  128-97.  They  called  the  former  a -tellurium,  and  the  latter  /3-tellurium.  These 
results  were  subsequently  confirmed  by  R.  Flint.  G.  Pellini  suggested  that  tellu- 
rium contains  a small  quantity  of  an  element  of  at.  wt.  212,  apparently  correspond- 
ing with  D.  I.  Mendeleeff’s  di-tellurium,  Dt,  which  B.  Brauner  called  austriacum, 
and  which  is  said  to  be  analogous  to  the  radioactive  constituents  of  pitchblende. 
W.  Griinewald  said  that  his  spectroscopic  observations  on  tellurium  agree  with 
the  assumption  that  a dwi-tellurium  was  present.  E.  W.  Wetherell  asked  : 

May  it  not  be  possible  that  the  atoms  of  an  element  may  in  some,  cases  have  a satellite 
■ — a minute  body  inseparable  from  the  atom  by  any  means  at  our  disposal,  yet  one  which 
may  materially  affect  the  properties  of  an  element  ? Such  satellite  would  in  no  way  upset 
the  law  of  Avogadro  that  equal  vols.  of  a gas  under  equal  press,  and  temp,  contain  equal 
numbers  of  molecules,  as  the  satellite  is  an  integral  part  of  the  molecule  ; it  might  even 
account  for  the  very  slight  deviation  from  the  law  which  has  been  observed. 

These  -speculations  and  observations  have  not  been  supported  by  others,  and  this 
in  spite  of  a bias,  so  to  speak,  in  favour  of  the  heterogeneity  of  tellurium. 
A.  G.  V.  Harcourt  and  H.  B.  Baker  attributed  the  results  by  P.  E.  Browning  and 
R.  Flint  to  the  failure  of  the  methods  of  purification  to  remove  some  element  of 
lower  eq.  wt.  than  tellurium,  and  that  this  impurity  accumulated  by  the  process 
of  fractionation  employed.  A.-  G.  V.  Harcourt  and  H.  B.  Baker  were  unable  to 
confirm  R.  Flint’s  results.  W.  G.  Morgan,  and  G.  Pellini  obtained  results  in  agree- 
ment with  those  of  A.  G.  V.  Harcourt  and  H.  B.  Baker,  and  opposed  to  those  of 
R.  Flint.  W.  Marckwald  believed  that  by  a laborious  fractional  crystallization 
of  telluric  acid,  he  obtained  tellurium  of  lower  at.  wt.  than  that  of  iodine,  but  on 
repeating  the  work  by  a more  trustworthy  process,  W.  Marckwald  and  A.  Foizik 
concluded  that  no  separation  of  the  tellurium  had  been  effected.  L.  Staudenmaier 
fractionally  crystallized  telluric  acid  ; J.  F.  Norris  and  co-workers  fractionally 
crystallized  potassium  bromotellurate  ; J.  F.  Norris  fractionally  distilled  tellurium 
dioxide  ; H.  B.  Baker  and  A.  H.  Bennett  fractionally  crystallized  telluric  acid, 
fractionally  dissolved  barium  tellurate,  and  fractionally  distilled  the  metal,  the 
chloride,  and  the  dioxide,  fractionally  decomposed  the  hydride,  fractionally  pre- 
cipitated the  chloride,  and  fractionally  electrolyzed  the  bromide  and  the  chloride  ; 
V.  Lenher  fractionally  precipitated  the  tetrachloride  or  complex  chlorides  ; fraction- 
ally precipitated  the  tetrachloride  with  ferrous  salts,  and  fractionally  dissolved 
tellurium  in  hydrochloric  acid  in  the  presence  of  air.  W.  L.  Dudley  and  P.  C.  Bowers 
fractionally  precipitated  tellurium  by  a hydrazine  salt ; 0.  Steiner,  and  G.  Pellini 
fractionally  distilled  phenyl  telluride  ; and  G.  Pellini  fractionally  hydrolyzed  the 
tetrachloride,  and  fractionally  electrolyzed  a soln.  of  tellurium  dioxide  in  sulphuric 
acid  and  ammonium  hydrotartrate.  In  all  cases,  these  investigators  were  unable 
to  distinguish  any  difference  in  the  at.  wts.  of  the  different  fractions,  and  they 
concluded  that  tellurium  is  chemically  homogeneous  ; i.e.  if  tellurium  is  a mixture 
the  components  cannot  be  separated  by  the  processes  so  far  investigated.  The 
differences  observed  by  W.  Bettel  in  the  cupellation  of  silver  telluride  ores  were 
attributed  by  H.  B.  Baker  to  differences  in  the  surface  tensions  of  silver  telluride 
and  silver  ; and  have  no  bearing  on  the  controversy  on  the  complexity  of  tellurium 
— vide  infra,  isotopes. 

J.  J.  Berzelius  3 made  the  first  attempt  to  determine  the  at.  wt.  of  tellurium 
by  oxidizing  the  element  to  the  dioxide  by  means  of  nitric  acid,  and  'from  the  ratio 
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Te  : Te02,  he  calculated  128-34  for  the  at.  wt.  when  his  data  are  reduced  to  oxygen 
16  as  the  standard.  W.  L.  Wills  also  obtained  results  ranging  from  126-64  to 
129-66  ; and  a whole  series  of  observations  on  the  oxidation  of  tellurium  to  the 
dioxide,  or  the  reduction  of  the  dioxide  to  tellurium  have  been  made.  Thus,  for 
the  oxidation,  B.  Brauner  obtained  125-72,  and  for  the  reduction,  127-46  ; G.  Pellini 
obtained  for  the  oxidation  127-657,  and  for  the  reduction,  127-625  ; G.  Gallo  found 
127-053;  Y.  Lenher,  127-50  ; A.  Gutbier,  127-585, 127-609,  and  126-74  ; L.  Stauden- 
maier,  127-60 ; R.  Metzner,  128-032  ; K.  B.  Heberlein,  127-002  ; L.  M.  Dennis 
and  R.  P.  Anderson,  127-61 ; A.  Stahler  and  B.  Tesch,  127-513 ; and  P.  Bruy- 
lants  and  C.  Desmet,  127-75.  J.  B.  A.  Dumas  by  an  unpublished  method  obtained 
129  for  the  at.  wt.  of  tellurium. 

C.  von  Hauer  analyzed  potassium  bromotellurate,  and  from  the  ratio 
K2TeBr6 : 6AgBr,  obtained  127-64 ; W.  L.  Wills  from  the  same  ratio  obtained 
127-10.  B.  Brauner  obtained  from  the  ratio  TeBr : 4Ag,  127-64  ; M.  Chikashige, 
127-42  ; H.  B.  Baker  and  A.  H.  Bennett  obtained  from  the  ratio  Te  : TeBr4,  127-53 
(Br=74-92).  W.  L.  Dudley  and  P.  C.  Bowers  precipitated  tellurium  by  a hydra- 
zine salt  and  from  the  ratio  TeBr4  : Te,  calculated  127-479.  V.  Lenher  obtained 
127-57  from  the  ratio  K2TeBr6 : 2KC1.  L.  Staudenmaier  obtained  127-16  from 
the  ratio  H6Te06 : Te02,  and  127  31  from  the  ratio  H6Te06 : Te  ; W.  Marckwald 
gave  126-81  ; and  K.  B.  Heberlein  similarly  obtained  126-72.  H.  B.  Baker  objected 
to  telluric  acid  as  a starting  point  because  of  the  difficulty  in  obtaining  the  acid 
with  exactly  the  right  proportion  of  water  of  crystallization,  H2Te04.2H20. 
K.  B.  Heberlein  treated  telluric  acid  with  hydrochloric  acid,  collected  the  liberated 
chlorine  in  potassium  iodide,  and  titrated  the  freed  iodine  with  standard  thio- 
sulphate ; he  thus  obtained  Te— 127-223.  O.  Steiner  analyzed  phenyl  telluride, 
and  from  the  ratio  (C6H5)2Te : 12C02  obtained  Te— 126-42  ; A.  Scott  from  the 
ratio  (CH3)3TeI : Agl  obtained  127-56  ; and  from  the  ratio  (CH3)3TeBr  : Ag, 
127-72.  J.  F.  Norris  ignited  the  basic  nitrate,  and  from  the  ratio  Te2HN07  : 2Te02 
obtained  127-48.  W.  L.  Dudley  and  P.  C.  Bowers  showed  that  the  basic  nitrate 
method  is  not  so  reliable  owing  to  variations  in.  composition  with  variations  in  the 
nature  of  the  precipitate.  H.  B.  Baker  and  A.  H.  Bennett  heated  tellurium  dioxide 
with  sulphur,  and  from  the  ratio  Te02  : S02,  obtained  127-62.  W.  Marckwald 
and  A.  Foizik  said  that  the  results  by  this  process  are  not  so  good  owing  to  the 
formation  of  a little  sulphur  trioxide.  F.  A.  Gooch  and  J.  Howland  oxidized 
an  alkaline  soln.  of  tellurium  dioxide  to  telluric  acid  by  adding  an  excess  of  a 
standard  soln.  of  permanganate,  and  after  acidification  with  sulphuric  acid,  titrated 
bacl^  the  excess  with  oxalic  acid.  They  thus  obtained  126-92  for  the  at.  wt.  of 
tellurium ; J.  F.  Norris  and  H.  Fay  determined  the  excess  of  permanganate  iodo- 
metrically.  W.  Marckwald  and  A.  Foizik  also  oxidized  the  tellurium  dioxide  to 
telluric  acid  by  permanganate  in  an  acidic  or  an  alkaline  soln.  The  results  gave 
127-61  for  the  at.  wt.  of  tellurium.  P.  Bruylants  and  J.  Michielsen  calculated 
127-8  from  the  ratio  Te  : H2  in  hydrogen  telluride.  G.  Gallo  found  the  electro- 
chemical equivalent  of  tellurium  in  terms  of  silver,  and  he  found  that  if  the  at.  wt. 
of  silver  be  107-880,  that  of  tellurium  is  127-053. 

The  available  data  were  reviewed  by  K.  Seubert,  and  P.  Kothner  in  1903  ; and 
by  F.  W.  Clarke  in  1910.  F.  W.  Clarke  gave  127-5  as  the  best  representative  value 
for  the  at.  wt.  ; and  the  International  Table  for  1926,  127-5,  and  for  iodine,  126-92. 
Tellurium  is  therefore  considered  to  be  a misfit  in  the  periodic  table  of  at.  wts. 
As  G.  N.  Wyrouboff,4  and  H.  Wilde  expressed  it,  the  law  of  periodicity  ceases  to 
be  valid.  J.  W.  Retgers  accordingly  argued  that  tellurium  should  be  placed  in 
the  eighth  group,  and  he  said,  in  support  of  this,  that  potassium  tellurate  and 
osmiate  are  isomorphous.  On  the  other  hand,  W.  Muthmann  said  that  the  general 
character  of  tellurium  ; the  isomorphism  of  potassium  selenium  bromide,  and 
potassium  tellurium  chloride  ; and  the  isomorphism  of  the  trigonal  forms  of 
tellurium  and  selenium  make  tellurium  fitted  for  a place  in  the  periodic  table  along 
with  sulphur  and  selenium.  As  indicated  above,  J.  W.  Retgers  considered  that  the 
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cases  of  isomorphism  cited  by  W.  Muthmann  are  open  to  doubt.  In  spite  of  this, 
the  chemical  characters  alone,  in  the  opinion  of  K.  Seubert,  make  tellurium  a 
member  of  the  sulphur-selenium  family ; and,  added  A.  Gutbier  and  F.  Flury, 
the  anomaly  would  not  be  avoided  by  placing  tellurium  in  the  eighth  group  away 
from  its  congeners  sulphur  and  tellurium  in  the  sixth  group.  A.  Werner  showed 
that  the  anomaly  exhibited  by  tellurium  is  itself  periodic  and  appears  in  other 
parts  of  the  table — e.g.  with  argon  (39-S)  and  potassium  (39-15) ; with  cobalt 
(59-0)  and  nickel  (58-7) ; and  with  neodymium  (143-6)  and  praseodymium  (140-5). 
P.  Kusnetzoff  pointed  out  that  when  the  differences  in  the  at.  wts..  of  the  elements 
in  the  uneven  periods  are  tabulated,  they  show  a regular  rise  and  fall  within  the 
separate  groups.  The  negative  difference  between  iodine  and  tellurium  is  in  accord 
with  the  other  differences  in  the  sixth  group. 

The  case  of  tellurium  shows  that  the  position  of  an  element  in  the  periodic 
table  is  not  entirely  dependent  on  its  at.  wt.,  but  on  some  other  property  of  the 
atom  to  which  the  at.  wt.  is  nearly  proportional  A.  van  den  Broek  5 showed  that 
if  the  elements  are  arranged  in  the  order  of  their  at.  wts.  they  are  in  nearly  all 
cases  also  arranged  in  the  order  of. increasing  nuclear  charge  ; and  it  is  the  nuclear 
charge  not  the  at.  wt.  which  should  determine  the  position  of  the  element  in  the 
periodic  table  ; and  H.  G.  J.  Moseley  showed  that  the  variation  in  the  wave-length 
of  the  characteristic  X-rays  emitted  by  different  elements  can  be  explained  on  the 
assumption  that  the  nuclear  charge  increases  by  one  unit  from  element  to  element. 
The  nuclear  charge  is  represented  by  so-called  atomic  number,  which  for  tellurium 
is  52. 

The  theory  of  isotopes  has  also  changed  the  point  of  view  of  the  at.  wt.  question. 
According  to  F.  W.  Aston,6  the  mass  spectrum  of  tellurium  gives  lines  corresponding 
with  isotopes  of  the  at.  wts.  126,  128,  and  130,  the  intensities  of  the  latter  two 
being  equal  and  double  that  of  the  first.  All  the  mass  numbers  of  tellurium  pro- 
bably form  members  of  isobaric  pairs.  H.  Pettersson  and  G.  Kirsch  7 observed 
evidence  of  atomic  disruption  when  tellurium  is  bombarded  by  a-rays.  H.  Muller 
obtained  no  evidence  of  this.  A.  L.  Foley  studied  the  action  of  ultra-violet  light; 
and  of  X-rays  on  tellurium  confined  in  sealed  glass  tubes  when  the  spectra  are 
periodically  examined.  The  results  were  indefinite.  The  electronic  structure 
according  to  N.  Bohr  is  (2)  (4,  4)  (6,  6,  6)  (6,  6,  6)  (4,  2).  The  subject  was  discussed 
by  M.  L.  Huggins,  G.  I,  Pokrowsky,  C.  P.  Smyth,  H.  G.  Grimm  and  A.  Sommerfeld, 
J.  D.  M.  Smith,  J.  C.  Slater,  and  C.  D.  Niven. 

Polonium  is  discussed  in  connection  with  radium. 
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§ 6.  Hydrogen  Telluride 

J.  W . Ritter  1 observed  that  when  water  is  electrolyzed  with  a tellurium  cathode, 
no  hydrogen  is  evolved  on  the  metal,  hut  the  liquid  is  coloured  owing,  he  supposed, 
to  the  formation  of  a tellurium  hydride  ; H.  Davy  also  found  that,  under  similar 
circumstances,  the  water  about  the  cathode  acquires  a purple  tint  owing  to  the 
formation  of  hydrogen  telluride.  If  air  be  present,  a brown  powder  is  precipitated 
which  he  regarded  as  a tellurium  hydride  containing  a smaller  quantity  of  hydrogen. 
On  the  other  hand,  H.  G.  Magnus  showed  that  the  brown  powder  is  nothing  but 
metallic  tellurium,  and  it  is  precipitated  even  when  thoroughly  boiled  water  is 
employed  because  of  the  diffusion  of  cathodic  oxygen  into  the  liquid.  If  the 
water  be  acidified,  no  brown  powder  is  deposited  because  the  hydrogen  telluride 
which  is  then  produced,  being  but  slightly  soluble  in  the  acid  liquor,  escapes  as  a 
gas.  Gaseous  hydrogen  telluride,  ILTe,  was  discovered  bv  H.  Davy. 

H.  Davy  observed  that  when  the  telluride  obtained  by  electrolyzing  potassium 
hydroxide  i>y  means  of  a tellurium  cathode  ; or  by  heating  potassium  and  tellurium 
together  is  treated  with  dil.  hydrochloric  acid,  there  is  a violent  effervescence, 
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and  an  aeriform  compound  of  tellurium  and  hydrogen  is  produced  which  smells 
very  like  hydrogen  sulphide,  and  which  gives  elemental  tellurium  when  it  comes 
in  contact  with  air.  As  indicated  previously,  H.  Davy,  F.  Becker,  J.  Lowe, 
E.  Priwoznik,  F.  Jones,  B.  Brauner,  A.  Ditte,  and  A.  Gutbier  discussed  the  direct 
union  of  hydrogen  with  heated  tellurium.  M.  G.  Weber  obtained  only  traces  of  the 
telluride  to  be  formed  by  the  direct  union  of  the  two  elements.  E.  Pozzi-Escot 
observed  only  a very  slight  hydrogenation  of  tellurium  occurs  during  diastatic  fer- 
mentation. Hydrogen  telluride  is  produced  by  the 
action  of  acids  on  tellurides — e.g.  H.  Davy,  and 
A.  Bineau  used  potassium  telluride  ; J.  J.  Berzelius, 
zinc  or  iron  telluride  ; and  M.  Berthelot  and  C.  Fabre, 
magnesium  telluride.  ' M.  G.  Weber  obtained  only 
a poor  yield  by  the  action  of  an  acid  on  magnesium 
telluride  ; and  E.  Ernyei,  a gas  with  only  5 per 
cent,  of  hydrogen  telluride.  F.  Wohler,  L.  M.  Dennis 
and  R.  P.  Anderson,  and  R.  de  Forcrand  and 
H.  Fonzes-Diacon  found  that  water  acting  on 
aluminium  telluride  furnishes  hydrogen  telluride  ; 

E.  Divers  and  M.  Shimose  acted  on  zinc  with  a soln.  Fic  ^fie  Preparation  of 

of  tellurium  dioxide  in  sulphuric  acid.  J.  C.  Poggen-  Hydrogen  Telluride. 

dorff  obtained  hydrogen  telluride  by  the  electrolysis 

of  dil.  sulphuric  acid  with  a tellurium  cathode.  A.  C.  Vournasos  observed  the 
formation  of  hydrogen,  telluride  when  tellurium  is  heated  witli  sodium  formate 
to  400°.  The  yield  is  limited  because  of  the  reverse  reaction — the  decomposition 
of  the  telluride.  In  all  these  cases,  the  product  is  contaminated  with  much 
hydrogen.  By  the  flectrolysis  of  50  per  cent,  sulphuric  acid,  in  an  apparatus 
resembling  Fig.  6,  E.  Ernyei  obtained  a gas  containing  only  5 to  6 per  cent,  of 
hydrogen.  M.  G.  Weber  also  obtained  the  best  yield  by  the  electrolytic  process. 
E.  Ernyei’s  apparatus  is  as  follows  : 

The  negative  pole  is  of  tellurium  ; the  electrolyte  of  50  per  cent,  sulphuric  acid  is 
cooled  during  the  electrolysis  between  —15°  and  — 20°.  The  electrolytic  cell  has  a dia- 
phragm, Fig.  6,  of  parchment  paper  to  retard  movements  of  the  electrolyte.  Two  glass 
tubes  rise  from  this  cell— the  one  over  the  positive  pole  is  fitted  with  a two-way  cork, 
funnel  and  bent  tube.  The  latter  is  to  introduce  liquid  into  the  cell,  and  the  former  is  to 
allow  air  to  be  washed  from  the  apparatus  by  a current  of  hydrogen  before  the  electrolyte 
is  introduced,  and  afterwards  for  the  exit  of  the  anode  gases.  The  tube  over  the  negative 
pole  has  a partition  above  which  calcium  chloride  and  phosphorus  pentoxide  can  be  placed 
for  drying  the  gas.  The  fittings  are  all  of  glass  since  cork  and  rubber  decompose  the  gas. 
W.  Hempel  and  M.  G.  Weber  cooled  the  vessel  with  solid  carbon  dioxide  and  alcohol  ; 
and  protected  the  apparatus  from  fight. 

L.  M.  Dennis  and  R.  P.  Anderson  prepared  the  gas  by  the  electrolysis  of  a 
50  per  cent.  soln.  of  phosphoric  acid  using  a tellurium  cathode  and  platinum  anode. 
The  hydrogen  telluride  was  purified  by  liquefaction,  and  fractional  distillation  a 
number  of  times.  P.  Bruylants  and,  J.  Michielsen  purified  the  gas  from  the  electro- 
lysis of  sulphuric  acid  in  a similar  way,  and  employed  it  in  their  determinations  of 
the  at.  wt.  of  tellurium.  L.  Moser  and  K.  Ertl  said  that  the  best,  way  of  preparing 
the  gas  is  to  drop  powdered  aluminium  telluride  into  dil.  hydrochloric  acid  in  an 
atm.  of  nitrogen.  The  best  yield  was  80  per  cent,  of  the  theoretical.  The  gas  was 
liquefied  in  a tube  cooled  with  a mixture  of  solid  carbon  dioxide  and  ether.  Liquid 
hydrogen  telluride  is  sensitive  to  light,  but  the  dry  gas  is  stable  in  light.  F.  Paneth 
and  co-workers  observed  that  hydrogen  telluride  is  formed  by  an  electric  discharge 
with  tellurium  electrodes  in  hydrogen. 

H.  Davy  described  hydrogen  telluride  as  a colourless  gas  with  a foetid  smell 
like  that  of  hydrogen  sulphide  ; and  M.  Berthelot  and  C.  Fabre  said  that  its  odour 
is  different  from  that  of  hydrogen  sulphide,  or  selenide,  and  it  slightly  resembles 
that  of  hydrogen  arsenide.  Its  action  on  the  animal  economy  is  very  much  less 
irritating  than  is  that  of  the  selenide.  A.  Bineau  estimated  the  vapour  density 
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to  be  4-49  (air  unity)  when  the  calculated  value  for  H2Te  is  4-48.  E.  Ernyei  deter- 
mined the  vap.  density  to  be  4-49.  When  the  gas  is  cooled  with  solid  carbon  dioxide, 
it  forms  lemon-yellow,  needle-like  crystals  with  the  melting  point  —54°  according 
to  E.  Ernyei,  and  — 48°  according  to  R.  de  Forcrand  and  H.  Fonzes-Diacon.  The 
liquid  is  greenish-yellow,  and  it  has  a specific  gravity  of  2-57  at  20°  ; P.  Bruylants 
gave  2-65  at  0°.  E.  Rabinowitsch  gave  48-9  for  the  mol.  vol.  H,  Remy  discussed 
the  structure  of  hydrogen  telluride.  P.  Bruylants  found  the  vapour  pressure, 
f mm.,  to  be 

-60°  -50°  -40°  -30°  -20°  -10°  0° 

p . .36  79  139  234  370  665  808 

The  boiling  point  is  0°  at  760  mm.  E.  Ernyei  said  the  b.p.  is  over  0° ; E.  Q.  Adams 
studied  the  relation  between  the  b.p.  and  composition.  P.  Bruylants  gave  — 1-8°, 
and  he  estimated  the  critical  temperature  to  be  at  about  200°..  The  triple  point 
is  at  —45-4°  and  102  mm. ; the  latent  heat  of  vaporization  was  estimated 
to  be  5-7  cals.  M.  Berthelot  and  C.  Fabre  found  that  the  heat  of  formation  is 
(Hzgas,  Tecryst.)=H2Tegas— 35-0  Cals.  ; and  R.  de  Forcrand  gave  —50-8  Cals, 
for  the  solid  telluride.  The  heat  of  formation  of  water,  hydrogen  sulphide  and 
hydrogen  selenide  are  respectively  59-0,  4-6,  and  —12-3  Cals. ; thus  showing  that 
in  the  oxygen  group,  as  in  the  chlorine  group,  the  energy  of  combination  with 
hydrogen  diminishes  as  the  at.  wt.  of  the  element  rises.  A 0-lW-soln.  of  hydrogen 
telluride,  in  the  absence  of  air,  according  to  L.  Bruner,  has  a sp.  electrical  con- 
ductivity of  2 x 10-3,  and  at  this  cone,  is  50  per  cent,  ionized.  M.  de  Hlasko  found 
for  the  mol.  conductivity  [i,  of  soln.  of  hydrogen  telluride  at  18° ; the  sp.  con- 
ductivity k ohms  ; the  ionization  constant  k,  where  k=a2l(l—a)v  ; and  a repre- 
sents the  degree  of  ionization  : 
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The  mean  value  of  the  ionization  constant  is  #=0-00227  at  18°.  Hydrogen 
telluride  thus  appears  to  be  a stronger  acid  than  hydrogen  fluoride.  The  increase 
in  the  strength  of  the  hydrogen  acids  of  this  family  of  elements  thus  increases 
rapidly  with  increasing  at.  wt.  Thus,  the  ionization  constants  forH20  is  0-64  X 10-14, 
for  H2S,  0-91  x 10-7  ; H2Se,  1-88  X 1(T4 ; and  for  H2Te,  2-27  X 1CT3.  The  increasing 
acidity  with  increasing  at.  wt.  was  also  noted  by  L.  Bruner 

Hydrogen  telluride  was  found  by  M.  Berthelot  and  C.  Fabre  to  be  very  unstable 
even  in  darkness.  E.  Ernyei  also  found  that  decomposition  occurs  in  a sealed 
tube,  and  it  can  be  kept  for  a couple  of  days  while  cooled  by  a freezing  mixture, 
but  even  under  0°,  it  decomposes  into  tellurium  and  hydrogen.  A.  Ditte  said 
that  when  warmed,  it  behaves  like  hydrogen  selenide,  but  at  a much  lower 
temp.  He  said  that  it  becomes  more  stable  at  a somewhat  higher  temp.,  but  at 
a still  higher  temp.,  a large  proportion  ’s  decomposed.  Both  H.  Davy,  and 
E.  Ernyei  found  that  the  gas  burns  in  air  with  a pale  blue  flame  forming  water, 
and  tellurium  dioxide.  According  to  M.  Berthelot  and  C.  Fabre,  and  R.  de  For- 
crand and  H.  Fonzes-Diacon  the  gas  is  'decomposed  at  once  by  moist  air,  and  a 
piece  of  moist  filter-paper  in  contact  with  the  gas  is  blackened  immediately.  The 
gas  dissolves  in  water  forming  aired  soln. — -presumably  owing  to  the  separation  of 
tellurium.  The  aq.  soln.  reddens  litmus ; water  with  air  in  soln.  at  once  decom- 
poses the  gas.  L.  Bruner  added  that  if  a bubble  of  oxygen  be  allowed  to  come  in 
contact  with  the  aq.  soln.  of  the  gas,  the  soln.  is  decomposed,  tellurium  separates, 
and  the  conductivity  falls  to  zero  thus  proving  that  the  electrical  conductivity  of 
the  aq.  soln.  is  really  due  to  the  hydrogen  telluride.  H.  Davy  found  that  chlorine 
reacts  vigorously  with  the  gas  forming  tellurium  which  is  quickly  converted  into 
chloride  ; and  E.  Ernyei  observed  that  an  aq.  soln.  of  bromine  is  decolorized  by 
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the  gas ; and  similarly  also  with  iodine.  According  to  C.  Whitehead,  tellurium 
tetrachloride  reacts  with  the  gas  : 2H2Te-|-TeCl4— 3Te-|-4HCl..  C.  Whitehead 
said  that  the  soln.  in  95  per  cent,  alcohol  is  stable  in  air.  A.  Bineau  observed  that 
when  heated  with  tin,  all  the  tellurium  is  withdrawn,  and  an  equal  vol.  of  hydrogen 
is  produced.  Hydrogen  telluride  was  found  by  H.  Davy,  and  J.  J.  Berzelius  to 
dissolve  in  an  aq.  soln.  of  alkali  hydroxide.  E.  Ernyei  added  that  the  soln.  with 
alkali  hydroxide  are  colourless,  and  they  become  red  on  exposure  to  air  ; if  the 
soln.  contains  oxygen,  tellurium  separates,  and  this  subsequently  dissolves  forming 
a red  soln.  of  potassium  telluride.  Hydrogen  telluride  reduces  ferric  chloride  to 
ferrous  chloride ; M.  Berthelot  and  C.  Fab  re  represented  the  reaction 
2FeCl3aq.-f  H2Te=Te-f  2FeCl2aq.-|-2HClaq.+58-24  Cals.  E.  Ernyei  also  found  that 
the  gas  reduces  mercuric  chloride  to  mercurous  chloride.  A.  Brukl  studied  the 
action  of  the  gas  on  metal  salt  soln.— vide  the  tellurides. 

According  to  E.  Divers  and  M.  Shimose,  if  hydrogen  telluride  made  by  the 
action  of  zinc  and  sulphuric  acid  holding  tellurium  dioxide  in  soln.  be  passed 
into  more  of  the  tellurated  sulphuric  acid,  not  diluted  with  water,  a red  soln.  of 
tellurium  sulphotrioxide  is  formed  : 2H2Te+Te02-t-3H2S04=5H20+3TeS03,  and 
as  the  passage  of  the  gas  continues,  the  red  sulphotrioxide  is  destroyed,  and  there  is 
formed  a brown  insoluble  substance  which  in  some  parts  appears  in  the  form  of  scaly, 
black  particles  with  a metallic  lustre,  and  which  is  thought  to  be  hydrogen  per- 
telluride.  Its  solubility  in  sulphuric  acid,  and  its  appearance  is  said  to  indicate 
that  it  is  not  elemental  tellurium.  It  may,  however,  form  a red  soln.  if  treated 
with  sulphuric  acid  containing  tellurium  sulphate,  or  if  fresh  sulphuric  acid  be 
added  to  the  mother-liquor.  In  this  case,  the  sulphuric  acid  probably  exercises 
an  oxidizing  power  by  containing  traces  of  dissolved  oxygen,  or  oxidizing  agents. 
It  redissolves  in  its  own  mother-liquor  when  the  mixture  is  exposed  to  the  air,  the 
dissolution  proceeding  from  the  surface  of  the  liquid  downwards,  evidently  a case 
of  atm.  oxidation.  But  it  also  redissolves  slowly  when  sealed  up  with  its  mother- 
liquor  in  glass  tubes  in  an  atm.  of  hydrogen,  and  this  dissolution  of  it  is  accompanied 
by  reduction  of  the  sulphuric  acid ; for  on  opening  the  tubes,  the  smell  of  sulphur 
dioxide  is  distinct.  This  reduction  of  sulphuric  acid  further  shows  that  the  pre- 
cipitate is  not  tellurium,  as  this  substance  dissolves  without  forming  sulphur 
dioxide.  The  hydrogen  of  the  pertelluride  is  readily  oxidized  by  air  in  the  presence 
of  sulphuric  acid,  and  more  slowly  by  sulphuric  acid  alone,  with  the  production  of 
sulphur  dioxide. 
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§ 7.  The  Tellurides 

A.  F.  Hallimond  1 discussed  the  isomoiphism  of  the  sulphides,  selenides,  and 
tellurides.  A.  Bineau  obtained  colourless  plates  of  ammonium  hydrotelluride, 
(NH4)2HTe,  by  bringing  ammonia  in  contact  with  an  excess  of  hydrogen  telluride. 
E.  Wendehorst  obtained  the  colourless  salt  by  passing  purified  hydrogen  selenide 
into  a sat.  soln.  of  ammonia  in  an  atm.  of  nitrogen,  and  cooled  below  30°. 

H.  Davy 2 prepared  potassium  telluride,  presumably  K2Te,  by  warming  a 
mixture  of  the  two  elements  in  an  atm.  of  hydrogen  ; combination  occurs  with 
incandescence.  C.  A.  Tibbals  also  obtained  potassium  telluride  by  the  direct 
union  of  the  elements.  H.  Davy  obtained  this  compound  by  the  electrolysis  of 
molten  potassium  hydroxide,  using  tellurium  electrodes ; if  a cone.  soln.  of  potassium 
hydroxide  is  similarly  treated,  the  tellurium  dissolves  forming  a red  soln.  which  is 
rapidly  decomposed  with  the  precipitation  of  tellurium  by  the  oxygen  liberated 
at  the  anode.  J.  J.  Berzelius,  and  G.  Magnus  melted  tellurium  with  potassium 
hydroxide  or  carbonate,  and  boiled  tellurium  with  cone,  potash-lye  ; in  both  cases 
some  potassium  tellurite  is  formed  ; but  not  so  if  zinc  be  present  since  F.  and 
C.  Heberlein  observed  that  by  boiling  oxy-, salts  of  tellurium  with  cone,  potash- 
lye,  and  granulated  zinc,  the  liquid  becomes  red  owing  to  the  formation  of  potassium 
telluride.  This  reaction  is  recommended  as  a test  for  .tellurium  in  minerals. 
J.  J.  Berzelius,  M.  Berthelot  and  C.  Fabre,  and  E.  Ernyei  obtained  potassium 
telluride  by  the  action  of  hydrogen  telluride  on  a soln.  of  potassium  hydroxide  in 
the  absence  of  air  ; A.  Oppenheim,  by  melting  tellurium  with  potassium  cyanide  ; 
H.  Davy,  by  heating  the  tellurite  or  tellurate  with  carbon,  or,  according  to  A.  Oppen- 
heim, in  hydrogen  ; and  C.  Hugot,  by  the  action  of  a soln.  of  potassium  in  liquid 
ammonia  on  an  excess  of  tellurium. 

M.  Berthelot  and  C.  Fabre  described  their  preparation  as  colourless  crystals : 
E.  Demarcay  said  that  the  soln.  is  pale  yellow ; C.  Hugot’s  preparation  was 

amorphous  and  white  ; H.  Davy's  preparations 
were  copper-red,  or  steel-grey.  M.  Berthelot  and 
C.  Fabre  said  that  potassium  telluride  forms  a 
colourless  soln.  with  oxygen-free  water.  The 
coloured  preparations  dissolve  in  water  forming  a 
red  liquid.  The  colour  may  be  due  to  the  presence 
of  a polytelluride,  of  the  monoxide,  or  of  colloidal 
tellurium.  If  the  strongly  alkaline  soln.  be  treated 
with  a reducing  agent — say,  phosphorus,  a hypo- 
phosphite,  or  aluminium — E.  Demarcay  found  that 
the  soln.  becomes  jiale  yellow ; and  similarly,  if  a 
soln.  of  potassium  tellurite  be  treated  with  a 
reducing  agent,  it  becomes  violet  and  then  yellow. 
According  to  M.  Berthelot  and  C.  Fabre,  and 
E.  Demargay,  the  colourless  soln.  rapidly  reddens 
in  contact  with  air,  and,  added  H.  Davy,  the  red  soln.  becomes  colourless  owing 
to  the  deposition  of  the  separated  tellurium.  J.  J.  Berzelius  said  that  soln. 
of  tellurium  in  cone,  alkali-soln.  are  decomposed  by  acids  with  the  evolution 
of  hydrogen  telluride.  C.  A.  Tibbals  said  that  the  telluride  is  precipitated  in 
crystals  by  adding  alcohol  to  a cone.  soln.  A.  Brinkmann  did  not  obtain  lithium 
telluride  by  boiling  tellurium  with  a cone.  soln.  of  lithium  hydroxide,  or  by  melting 
tellurium  with  lithium  hydroxide.  G.  Pellini  and  E.  Quercigh  investigated  the 
sodium  tellurides  by  thermal  methods,  and  the  results,  summarized  in  Fig.  7,  show 
that  only  these  compounds  which  melt  unchanged  can  exist  under  these  con- 
ditions, namely,  the  normal  telluride.  It  is  white,  and  deliquescent ; and  rapidly 
darkens  on  exposure  to  air.  There  is  also  sodium  tritaditelluride,  Na3Te2,  with 
a grey  metallic  appearance ; and  sodium  tritaheptatelluride,  Na3Te7.  Neither 
Na4Te3  nor  Na2Te3  were  obtained.  H.  Davy  obtained  sodium  telluride,  Na2Te, 


Fig.  7. — Equilibrium  Diagram 
of  the  System  : Na-Te. 
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by  the  methods  employed  for  potassium  telluride  ; likewise  also  A.  Oppenheim, 
E.  Ernyei,  and  C.  A.  Tibbals.  According  to  L.  A.  Tschugaeff  and  Y.  G.  Chlopin, 
when  tellurium  is  heated  with  an  alkaline  soln.  of  sodium  hyposulphite  in  the 
absence  of  air,  tellurium  is  converted  into  the  unstable  sodium  telluride,  Na2Te, 
and  sodium  sulphide  is  formed  at  the  same  time.  The  tellurium  is  probably  first 
transformed  by  the  sodium  hydroxide  into  a mixture  of  sodium  tellurite  and 
telluride,  the  latter  being  then  converted  by  the  tellurium  into  polytellurides,  which 
undergo  reduction  by  the  sodium  hyposulphite : Na2S204+Na2Te2-|-4Na0H 
— 2Na2S03+2Na2Te+2H20.  This  reduction  is  analogous  to  the  action  of  the 
hyposulphite  on  sodium  polysulphides.  It  is  possible  that  the  tellurium  combines 
with  the  sulphoxylate  part  of  the  hyposulphite  mol., 
Na.SO.ONa+Te=Na.Te.SO.ONa,  the  unstable  compound 
thus  obtained  reacting  with  the  sodium  hydroxide,  thus  : 
Na.Te.SO.ONa+2NaOH— Na2Te+O.S(ONa)2  + H20.  The 


Atomic per  cent,  of  sodium 


Fig.  8. 


•The  Equilib- 
rium Diagram  of 
Sodium  Telluride 
and  Tellurium. 


formation  of  the  sodium  sulphide  also  obtained  in  the  re- 
action is  probably  explained  by  the  equations  : 2Na2S204 
+ 2NaOH  = Na2S203  -f-  2Na2S03  -f-  H20,  and  Na2S203 
-f Na2S204-f-  4Na0H=Na2S+3Na2S03-)-2H20.  The  ex- 
treme instability  of  sodium  hyposulphite  makes  it  difficult 
to  prepare  sodium  telluride  in  large  quantities  in  the  above 
manner.  A good  yield  may,  however,  be  obtained  by  heating, 
in  a current  of  hydrogen,  a mixture  of  a gram  of  tellurium, 

6 grms.  of  sodium  formaldehyde-sulphoxylate  (rongalite), 
and  40  c.c.  of  a 10  per  cent,  sodium  hydroxide  soln. : 
H0.CH2.0.S0Na+Ted-3Na0H=CH20+Na2Te+Na2S03+H20.  Sodium  tellu- 
ride is  instantaneously  decomposed  in  the  air,  with  separation  of  tellurium. 
D.  M.  Liddell  said  that  if  kept  from  air,  sodium  telluride  is  the  colour  of  potassium 
permanganate,  but  in  air  it  is  decomposed  setting  free  tellurium  with  the  formation 
of  potassium  hydroxide.  Contrary  to  G.  Pellini  and  E.  Quercigh,  C.  A.  Kraus 
and  S.  W.  Glass  find  that  sodium  telluride  and  tellurium  are  miscible  in  all  propor- 
tions. The  equilibrium  diagram  is  shown  in  Fig.  8.  In  addition  to  the  normal 
telluride,  Na2Te,  there  are  formed  the  ditelluride  with  a transition  point  at  355° . 
and  the  hexatelluride  with  a congruent  m.p.  at  436°.  There  are  eutectics  at  319° 
with  43  at.  per  cent,  of  Na,  and  at  402-5°  with  12-5  at.  per  cent.  Na. 

According  to  C.  A.  Kraus  and  C.  Y.  Chiu,  the  initial  compound  formed  in  the 
reaction  between  sodium  and  tellurium  in  liquid  ammonia  is  the  normal  telluride, 
Na2Te,  which  is  in  equilibrium  with  sodium  ditelluride,  Na2Te2.  Figs.  7 and  8 
show  the  range  of  stability  of  the  compound.  C.  A.  Kraus  and  S.  W.  Glass  found 
that  it  has  a transition  point  at  355°.  Its  electrical  resistance  is  given  in  Figs.  9 
and  10.  The  soln.  in  equilibrium  with  free  tellurium  has  a composition  which  varies 
as  a function  of  the  concentration,  and  the  maximum  cone,  of  tellurium  corresponds 
with  sodium  tetratelluride,  Na2Te4.  C.  A.  Kraus  and  E.  H.  Zeitfuchs  discussed 
the  mol.  wt.  of  the  sodium-tellurium  complex  formed  in  liquid  ammonia.  Tellurides 
of  the  heavy  metals  are  formed  by  double  decomposition  between  sodium  telluride 
and  aq.  soln.  of  salts  of  the  heavy  metals.  C.  A.  Kraus  and  S.  W.  Glass  observed 
the  formation  of  sodium  hexatelluride,  Na2Te6,  and  its  equilibrium  conditions  are 
illustrated  in  Fig.  8.  It  melts  at  436°  ; and  its  electrical  resistance  is  indicated 
in  Figs.  9 and  10.  C.  A.  Tibbals  said  that  sodium  telluride  forms  small  colourless 
crystals  with  much  water  of  crystallization  ; and  that  tellurium  dissolves  in  an 
aq.  soln.  of  this  salt  forming  sodium  tetritatritelluride,  Na4Te3.  Tellurium  does 
not  dissolve  in  a soln.  of  sodium  telluride  beyond  the  proportion  4 : 3,  and  when 
this  soln.  is  concentrated  by  evaporation,  it  breaks  down  into  the  normal  telluride 
and  tellurium.  According  to  C.  Hugot,  sodium  hemitritelluride,  Na2Te3,  is  pro- 
duced by  the  action  of  a solifi  of  sodium  in  liquid  ammonia  on  an  excess  of  tellurium ; 
and  similarly  also  with  potassium  hemitritelluride,  K2Te3.  The  latter  furnishes 
a violet  liquid  which  becomes  brown  and  viscid  at  — 25°,  and  when  stirred,  freezes 
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to  a solid.  This  melts  at  —15°,  and  as  the  ammonia  evaporates,  at  ordinary  temp., 
there  remains  the  hemitritelluride  as  a dark  brown  crystalline  mass  ; which,  under 
press,  absorbs  ammonia  and  becomes  liquid.  L.  A.  Tschugaeff  and  Y.  G.  Chlopin 


Fig.  9. — The  Resistance  of  the  Sodium 
Tellurides. 


Fig.  10. — The  Resistance  of  the  Sodium 
Tellurides. 


observed  that  a soln.  of  sodium  telluride  reacts  with  benzyl  chloride  or  phenyl- 
benzyldimethylammonium  chloride  forming  benzyl  telluride,  Te(C6H5.CH2)2. 

J.  J.  Berzelius  3 prepared  a pale  red  alloy  by  melting  together  copper  and 
tellurium ; M.  Chikashige  obtained  the  alloys  by  melting  mixtures  of  the  two 
elements  in  a current  of  carbon  dioxide.  T.  Parkman  said  that  tellurium  pre- 
cipitates a little  copper  from  cold  soln.  of  copper  sulphate  or  acetate,  and  likewise 
also  with  boiling  soln.  After  boiling  tellurium  for  4 or  5 hrs.  with  a soln.  of  copper 
acetate,  a black  powder  with  the  composition  of  copper  hemitritelluride,  Cu2Te3, 
was  formed ; and  with  a boiling  soln.  of  copper  sulphate  a black  powder  with 
the  composition  of  copper  telluride,  CuTe.  C.  A.  Tibbals  obtained  the  mono- 
telluride  and  also  the  hemitritelluride  by  treating  a soln.  of  a copper  salt  respectively 
with  normal  sodium  telluride,  Na2Te,  and  the  tetritatritelluride,  Na4Te3.  F.  Garelii 
obtained  what  appeared  to  be  mixtures  of  copper  tetritatelluride  and  monotelluride 
by  wrapping  a piece  of  tellurium  with  copper  wire  and  immersing  it  in  a soln.  of 
copper  sulphate.  A.  Brukl  obtained  cuprous  telluride  by  the  action  of  sodium 
telluride  on  a soln.  of  sodium  cuprous  chloride.  B.  Brauner  and  B.  Kuzma  found 
that  in  precipitating  tellurium  by  sulphur  dioxide  from  soln.  of  salts  of  other  metals 
like  copper,  some  of  the  metal  is  precipitated  with  the  tellurium,  and  this  the 
more  the  longer  the  action  and  the  more  cone,  the  soln.  W.  E.  Ford  reported  a 
massive  mineral  which  he  called  richardite — after  T.  A.  Richard — occurring  in  the 
Good  Hope  Mine,  Yulcan,  Colorado.  Its  composition  corresponds  with  cuprous 
telluride,  Cu4Te3,  or  Cu2Te.2CuTe.  It  has  a rich  purple  colour  : sp.  gr.  7-54  ; and 
hardness  3-5.  N.  A.  Puschin  said  that  this  product  is  a solid  soln.  of  telluride  and 
hemitelluride.  E.  T.  Wherry  found  richardite  to  be  a poor  radiodetector. 
W.  M.  Davy  and  C.  M.  Farnham  observed  the  behaviour  of  polished  surfaces  of  the 
mineral  towards  etching  agents. 

According  to  M.  Chikashige,  the  f.p.  curve  of  the  copper-tellurium  alloys,  Fig.  11, 
shows  a eutectic  point  at  344°  and  17-3  per  cent,  of  copper,  and  there  is  a break  at 
620°  with  about  34  per  cent,  of  copper  [ and  one  at  855°,  with  50  per  cent,  of  copper. 
The  break  with  50  per  cent,  of  copper  corresponds  with  copper  hemitelluride,  Cu2Te, 
which  is  miscible  with  copper  only  to  a limited  extent — at  about  1030°,  the  hemi- 
telluride dissolves  1 to  2 per  cent,  of  copper,  and  copper  about  4 per  cent,  of  tellu- 
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Fig.  11. — Freezing-point  Curve  of 
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rium.  From  32'7  to  50  per  cent,  of  copper,  the  hemitelluride  crystallizes  primarily 
in  solid  soln.  with  tellurium  ; and  at  623°  the  mixed  crystals  with  45  per  cent,  of 
copper  react  with  the  fused  mass  to  form  copper  tetritatritelluride,  Cu4Te3,  analogous 
in  composition  with  richardite.  A.  Mazzucchelli  and  A.  Vercillo  obtained  a sub- 
stance of  this  composition  by  the  action  of  copper  on  tellurium  tetrachloride,  but 
they  regarded  it  as  a mixture  of  TeCu  and 
TeCu2.  According  to  M.  Chikashige,  the  tetri- 
tatritelluride has  a transition  point  at  365° 
marked  by  a considerable  development  of  heat. 

B.  Brauner  prepared  the  monotelluride  by  pass- 
ing the  vapour  of  tellurium  in  a current  of 
carbon  dioxide  over  heated  copper ; and 
J.  Margottet,  by  heating  a mixture  of  tellurium 
and  copper  to  redness  in  an  atm.  of  nitrogen. 

M.  L.  Huggins  studied  the  atomic  structure. 

G.  von  Hevesy  and  W.  Serth  studied  the 
diffusion  of  silver  telluride  in  copper  telluride. 

M.  Chikashige  found  that  the  hemitelluride  has 
two  transition  points  at  387°  and  351°,  and  the 
latter  is  lowered  to  334°  by  the  addition  of  5 per  cent,  of  tellurium.  A.  Beutall 
obtained  hair-copper  by  heating  the  telluride  in  a sealed  tube  at  350°-600°.  C.  Fabre 
gave  7-15  Cals,  for  the  heat  of  formation,  and  added  that  the  alloy  is  not  stable  in 
air.  B.  Brauner  added  that  the  crystals  are  rhombohedral,  and  when  heated  for 
a long  time  they  are  decomposed  with  the  separation  of  copper.  W.  P.  Crawford 
described  a massive,  bluish-black  mineral  in  the  tellurium  deposits  of  Colorado. 
He  called  it  weissite — after  L.  Weiss  ; its  composition  corresponds  with  copper 
pentitatritelluride,  Cu5Te3.  Its  sp.  gr.  is  about  6,  and  its  hardness  3.  It  gives 
a violet  colour  with  warm,  cone,  sulphuric  acid.  The  weissite  of  W.  P.  Crawford  is 
probably  richardite. 

According  to  N.  A.  Puschin,  the  alloys  rich  in  copper  are  dark  grey,  brittle, 
and  crystalline  ; those  with  30  to  33  at.  per  cent,  of  tellurium  are  much  darker, 
and  more  brittle  ; the  colour  then  becomes  dark 
violet  with  about  40  at.  per  cent,  of  tellurium ; 
the  colour  becomes  paler  as  the  proportion  of 
tellurium  rises  to  ' 50  at.  per  cent.,  when 
the  colour  becomes  yellow ; with  higher  pro- 
portions of  tellurium  the  colour  becomes  grey. 

W.  C.  Roberts- Austin  found  that  the  addition  of 
tellurium  reduces  the  malleability  of  copper. 

M.  Chikashige  said  that  the  re-melting  of  the 
alloy  does  not  remove  the  copper ; but  P.  Kothner 
found  that  all  the  tellurium  can  be  removed  by 
distillation  in  vacuo.  I.  Stransky  discussed  the 
rectifying  action  of  the  heavy  metal  tellurides  ; 
and  G.  P.  Thomson,  electron  diffraction  rings. 

N.  A.  Puschin  found  that  the  potential  of  copper 

in  the  cell  Cu  | 2V-CuS04  | CuTe„  shows  breaks  corresponding  with  Cu2Te, 

CuTe,  Fig.  12.  According  to  B.  Brauner,  the  tellurium  is  not  removed  by  fusion 
with  sulphur  and  sodium  carbonate  ; or,  according  to  M.  Chikashige,  by  fusion 
with  cuprous  oxide.  F.  W.  Hinrichsen  and  0.  Bauer  said  that  the  telluride 
dissolves  in  a soln.  of  potassium  cyanide  forming  a polytelluride  ; and  when 
shaken  in  air,  the  reddish-violet  soln.  becomes  colourless  owing  to  the  deposition 
of  the  tellurium  in  grey  flakes.  E.  Heyn  and  O.  Bauer  found  that  the  soln.  in 
potassium  cyanide  gives  a dark  grey  precipitate  with  alcohol  and  cadmium  acetate  ; 
and  C.  Whitehead  obtained  tellurium  by  electrolyzing  the  Sbln.  G.  Tammann 
studied  the  chemical  activity  of  the  alloys. 
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The  silver  tellurides  are  represented  in  nature  by  the  three  minerals  stiitzite, 
Ag4Te  ; hessite,  Ag2Te  ; and  empressite,  AgTe.  The  mineral  stiitzite,  probably 
from  Nagyag,  Transylvania,  was  shown  by  A.  Schrauf  4 to  have  a composition 
approximating  silver  tetritatelluride,  Ag4Te  ; and  it  was  named  after  A.  Stiitz, 
who,  in  1803,  described  what  appears  to  have  been  the  same  mineral.  It  is  leaden 
grey,  with  a reddish  tinge.  V.  Goldschmidt,  and  C.  Hintze  regard  it  as  hexagonal 
or  pseudohexagonal  with  the  axial  ratio  a : c= 1 : 1-2530  ; or,  as  A.  Schrauf  prefers 
to  regard  it,  monoclinic  with  the  axial  ratios  a : b : c=  1-73205  : 1 : 1-24829,  and 

/3=89°  33'.  E.  S.  Dana  emphasized  the  resem- 
blance to  dyscrasite,  and  chalcocite  and  said  that 
like  them,  it  may  be  rhombic.  A.  des  Cloizeaux 
also  regarded  stiitzite  as  having  rhombic  sym- 
metry. There  is  no  evidence  of  the  existence  of 
a tetritatelluride  on  the  f.p.  curve,  Fig.  13. 
The  f.p.  curve  was  first  explored,  in  a pre- 
liminary way,  by  H.  Pelabon,5  who  found  two 
eutectics — one  at  345°  and  34  at.  per  cent,  of 
silver,  and  the  other  at  825°  with  78  per  cent,  of 
silver — and  a maximum  representing  the  normal 
telluride  at  965°.  G.  Fellini  and  E.  Quercigh 
made  a more  detailed  study,  and  their  work  as 
revised  by  M.  Chikashige  and  I.  Saito,  is  illus- 
trated by  Fig.  13.  Two  compounds  are  indi- 
cated on  the  curve  ; the  normal  telluride  melting  sharply  at  957°  ; and  the  other 
silver  heptitatetratelluride,  Ag7Te4.  The  heptitatetratelluride  decomposes  below 
its  m.p.,  and  exists  in  two  modifications,  each  of  which  corresponds  with  a short 
branch  of  the  f.p.  curve.  j8-Ag7Te4  is  formed  from  Ag2Te  and  liquid  at  443° ; 
and  changes  into  the  a-modification  at  403°.  Solid  soln.  are  not  formed.  Eutectics 
occur  at  32  per  cent.  Ag  and  350°  and  at  87-5  per  cent.  Ag  and  870°,  respectively. 
Annealing  experiments  indicate  that  the  transformation  is  one  of  a single  com- 
pound, and  that  a second  compound,  such  as  Ag3Te2,  is  not  formed.  In  Fig.  13, 
the  area  A represents  Te-f  melt ; B,  Te-f  eutectic  ; C,  a- Ag7Te4 -(-eutectic  E1 ; 

D.  a-Ag7Te4-f  melt ; E,  /S-Ag7Te4-f  melt ; F,  /3-Ag7Te4-f  Ag2Te ; G,  Ag2Te-fmelt ; 
H,  a-Ag7Te4-|-Ag2Te ; /,  Ag2Te-j-melt ; J,  Ag2Te-f  eutectic  E.> ; K,  Ag-f  eutectic 
E2  ; L,  Ag-f  melt. 

The  compound  which  M.  Chikashige  and  I.  Saito  regarded  as  hepitatetra- 
telluride  was  considered  by  G.  Pellini  and  E.  Quercigh  to  be  silver  monotelluride, 
AgTe,  and  they  said  that  its  existence  is  marked  by  a break  in  the  curve  at  444°  ; 
and  that  it  undergoes  a polymorphic  change  at  412°.  The  monotelluride  is  repre- 
sented in  nature  by  the  mineral  empressite  obtained  by  W.  M.  Bradley  from 
the  Empress  Josephine  Mine,  Kerber  Creek  District,  Colorado.  It  occurs  in 
granular  and  compact  masses  with  a fine  conchoidal  or  uneven  fracture,  and  a 
pale  bronze  colour.  It  is  readily  soluble  in  nitric  acid.  Its  hardness  is  3-0  to  3-5. 

E.  T.  Wherry  found  empressite  to  be  a poor  radio-detector.  The  mineral  was  also 
analyzed  by  E.  J.  Dittus ; and  W.  T.  Schaller  considered  it  to  be  a kind  of  gold- 
free  muthmannite — vide  infra. 

G.  Rose  6 described  a mineral  occurring  in  the  Savodinsky  Mine,  Zyrianovsky, 
Altai,  Siberia,  which  he  designated  Tellursilber  ; J.  J.  N.  Huot,  and  W.  Haidinger 
called  it  savodinskite,  in  allusion  to  its  origin  ; and  J.  Frobel,  hessite — after  H.  Hess. 
The  term  hessite  is  commonly  employed  although  it  has  not  first  claim.  A.  Schrauf 
supposed  the  mineral  from  Rezbanya,  Hungary,  to  be  isomorphous  with  silver 
glance  and  therefore  called  it  Tcllursilberglunz,  and  reserved  the  term  Tellursilber- 
blcndc  for  stiitzite.  Analyses  of  the  mineral  have  been  reported  by  G.  Rose,  S.  Koch, 
W.  Petz,  K.  A.  Nemadkevieh,  G.  A.  Kenngott,  F.  J.  Malaguti  and  J.  Durocher, 

F.  Bocke,  J.  Loczka,  C.  F.  Rammelsberg,  G.  Kiistel,  F.  A.  Genth,  F.  A.  Gentli  and 
S.  L Penfield,  I.  Domeyko,  A.  des  Cloizeaux,  F.  W.  Clarke,  A.  Carnot.  T.  L.  Walker 


Fic:.  13. — Freezing-point  Curve 
of  the  System  : Ag-Te. 
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and  A.  L.  Parsons,  E.  V.  Shannon,  and  E.  S.  Simpson.  The  results  agree  that 
hessite  is  normal  silver  telluride,  i.e.  silver  hemitelluride,  Ag2Te,  in  which  gold 
often  replaces  part  of  the  silver  until  the  hessite  merges  into  petzite.  The  occurrence 
of  the  mineral  in  Zyrianovsky,  Altai,  Siberia,  was  described  by  G.  Rose,  N.  von 
Kokscharoff,  and  P.  von  Jeremejeff  ; in  Nagyag,  Zalathna,  Botes,  etc.,  Transyl- 
vania, by  P.  Groth,  G.  vom  Rath,  A.  Schrauf,  J.  A.  Krenner,  G.  A.  Kenngott,  and 

F.  Becke  ; in  Rezbanya,  Hungary,  by  C.  F.  Rammelsberg,  K.  F.  Peters,  A.  Schrauf, 
and  F.  von  Richthofen;  in  Kara  Issar,  Asia  Minor,  by  A.  des  Cloizeaux ; in 
Karangahake,  New  Zealand,  by  J.  D.  Dana  ; Kalgoorlie,  West  Australia,  by 

E.  S.  Simpson  ; in  Coquimbo,  Chili,  by  I.  Domeyko  ; in  Refugio  and  Quiteria, 
Mexico,  by  C.  F.  de  Landero,  and  F.  W.  Clarke ; in  California,  Colorado,  and  Utah, 
United  States,  by  B.  Silliman,  W.  P.  Blake,  G.  J.  Brush,  G.  Kiistel,  H.  J.  Burkart, 

F.  A.  Genth,  and  F.  A.  Genth  atid  S.  L.  Penfield. 

B.  Brauner  prepared  this  telluride  by  passing  the  vapour  of  tellurium  over 
silver  at  a red-heat.  J.  Margottet  obtained  regular  octahedra  by  passing  the 
vapour  of  tellurium  in  a current  of  nitrogen  over  silver  at  a dull  red-heat.  G.  Rose, 
and  B.  Brauner  prepared  it  by  heating  a mixture  of  the  two  elements.  H.  Pelabon, 

G.  Pellini  and  E.  Quercigh,  and  M.  Chikashige  and  I.  Saito  also  obtained  it  by  the 
direct  union  of  the  elements.  The  conditions  of  equilibrium  are  illustrated  in  Fig.  7. 
R.  D.  Hall  and  V.  Lenher  obtained  this  telluride  by  passing  hydrogen  telluride  into 
an  ammoniacal  soln.  of  silver  nitrate,  but  the  black  precipitate  always  contains  an 
excess  of  silver.  C.  A.  Tibbals,  and  A.  Brukl  obtained  this  telluride  as  a dark 
brown  or  black  flocculent  precipitate  by  the  action  of  a soln.  of  sodium  telluride 
on  a soln.  of  silver  acetate  in  acetic  acid  ; and  J.  B.  Senderens,  by  the  action  of 
tellurium  on  a soln.  of  silver  nitrate  at  100°  : 4AgN03-)-3Te-l-3H20=2Ag;>Te 
-f-H2Te03-f-4HN03  ; the  reaction  is  slow  at  ordinary  temp. — R.  D.  Hall  and 

V.  Lenher  represented  the  reaction  4AgN03-f-  3Te=2Ag2Te-t-Te(N03)4.  B.  Brauner, 
and  R.  D.  Hall  and  V.  Lenher  obtained  a product  resembling  the  mineral  by  passing 
carbon  monoxide  or  ammonia  over  silver  tellurite  heated  to  a high  temp. 

The  mineral  occurs  in  compact  or  fine-grained  masses — rarely  coarse  grained. 
The  colour  is  lead-grey,  steel-grey,  or  iron-black.  E.  F.  Glocker  called  the  yellow 
earthy  telluride  mullerin,  or  Nagyager  silver.  The  mineral  also  occurs  in  crystals 
more  or  less  modified  and  often  much  distorted.  According  to  A.  Schrauf,  P.  Groth, 

H.  Rose,  T.  L.  Walker  and  A.  L.  Parsons,  J.  A.  Krenner,  C.  Palache,  V.  Rosicky, 
R.  Pilz,  and  L.  Tokody,  they  are  cubic.  The  distortion  led  H.  Hess,  and  G.  Suckow 
to  assume  that  the  crystals  are  rhombohedral ; G.  A.  Kenngott,  and  K.  F.  Peters, 
rhombic  ; and  F.  Becke,  triclinic.  According  to  L.  S.  Ramsdell,  the  X-radiogram 
of  hessite  indicates  that  the  mineral  is  pseudo-cubic  and  probably  rhombic.  The 
cubic  form  is  said  to  represent  a high  temp,  modification.  The  artificial  crystals 
prepared  by  J.  Margottet  were  regular  octahedra.  The  cleavage  of  hessite  is 
indistinct.  M.  L.  Huggins  studied  the  atomic  structure  of  the  crystals ; and 
T.  Andrews,  J.  Arnold  and  J.  Jefferson,  F.  Osmond  and  W.  C.  Roberts- Austen, 
the  structure  of  the  alloys.  F.  A.  Genth  gave  8-359  for  the  sp.  gr.  of  varieties 
free  from  gold,  while  G.  Rose  gave  8-412-8-565.  These  numbers  are  probably 
too  high.  J.  Malaguti  and  J.  Durocher,  and  G.  A.  Kenngott  gave  8-071. 

W.  Petz  gave  8-31  to  8-45  for  specimens  with  0-69  per  cent,  of  gold ; F.  A.  Genth, 
8-178.  G.  Kiistel  gave  9-0  to  9-4  for  a sample  with  24-80  per  cent,  of  gold. 

F.  Hcnglein  gave  41-3  for  the  mol.  vol.  G.  Pellini  and  E.  Quercigh  said  that  the 
silver  tellurium  alloys  are  crystalline,  and  have  a metallic  appearance,  changing 
from  grey  to  white  as  the  proportion  of  silver  increases.  The  brittleness  diminishes 
from  tellurium  to  silver.  W.  C.  Roberts- Austen  studied  the  mechanical  properties 
of  these  alloys.  The  hardness  of  hessite  is  about  2-5.  L.  Jordan  and  co-workers 
measured  the  hardness,  tensile  strength,  and  elongation  of  silver-tellurium  alloys. 

G.  von  Hevesy  and  W.  Serth  studied  the  diffusion  of  silver  in  silver  ditelluride,  and 
of  silver  telluride  in  copper  telluride.  H.  Pelabon  gave  955°  for  tlje  m.p. ; G.  Pellini 
and  E.  Quercigh,  959° ; and  M.  Chikashige  and  I.  Saito,  957°— vide  Fig.  13. 
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J.  Margottet  found  that  the  mineral  is  partially  decomposed  at  a white-heat ; and 
J.  Joly,  that  hessite  sublimes  at  about  900°.  K.  Friedrich  and  A.  Leroux  said 
that,  unlike  silver  sulphide,  the  telluride  is  not  altered  by  light ; and  H.  E.  McKinstry 
found  no  effect  was  produced  by  exposing  the  mineral  to  the  electric  arc-light. 

A.  Beutell  obtained  hair-silver  by  heating  the 
telluride  in  a heated  tube  at  350°-600°.  A.  de  Gra- 
mont  studied  the  spark  spectrum  of  the  mineral. 
F.  Beijerinck  described  the  mineral  as  an  electric 
conductor.  T.  W.  Case  said  that  the  electrical 
resistance  is  less  than  one  megohm ; and  that 
the  conductivity  is  not  affected  by  exposure 
to  light.  R.  G.  Harvey  studied  the  subject. 
N.  A.  Puschin’s  observations  on  the  potential  dif- 
ference in  the  cell  Ag  | yA-AgN03  | AgTen( milli- 
volts) show  the  existence  of  only  one  telluride, 
Ag2Te.  E.  T.  Wherry  called  hessite  a fair  radio- 
detector. J.  M.  Riviere's  measurements  of  alloys 
with  2 (continuous  curves)  and  with  20  (dotted  curves)  per  cent,  of  silver  are 
summarized.  The  different  curves  represent  specimens  which  have  been  previously 
heated  and  at  first  rapidly  cooled  to  the  temp,  indicated  and  then  slowly  cooled. 

Below  200°,  the  resistance  is  a func- 
tion of  two  variables  (i)  the  temp,  of 
measurement ; and  (ii)  the  temp,  of 
annealing.  For  the  12-30  per  cent, 
alloys  there  is  a discontinuity  at 
—20° ; and  for  nearly  pure  tellurium, 
one  at  415°.  J.  Margottet  observed 
that  when  heated  to  near  the  m.p. 
of  silver  telluride  in  a current  of 
hydrogen,  hair-silver  is  produced. 
J.  Joly  observed  that  a sublimate  is 
formed  between  820°  and  930°. 
C.  A.  Tibbals  observed  that  the 
precipitated  telluride  is  quite  stable 
in  air,  even  when  moist,  and  is  not 
acted  on  by  acids  other  than  nitric 
acid.  Hessite  also  dissolves  in  hot 
nitric  acid ; and  when  the  mineral  is 
heated  with  cone,  sulphuric  acid  it 
forms  a red  or  purple  liquid  which 
becomes  clear  when  diluted  with 
water,  and  tellurium  is  precipitated. 
W.  M.  Davy  and  C.  M.  Farnham 
studied  the  etching  of  polished  sur- 
faces of  hessite.  R.  D.  Hall  and 
V.  Lenher  said  that  sulphur  monochloride  converts  it  into  tellurium  tetrachloride, 
etc.  G.  Tammann  studied  the  chemical  activity  of  the  alloys. 

J.  A.  Krenner,7  and  G.  vom  Rath  described,  about  the  same  time,  a krystallisierte 
Tellurgoldverbindung  from  Nagyag,  Transylvania.  A yellow  earth  from  Nagyag, 
Transylvania,  described  by  M.  H.  Klaproth,  A.  Stiitz,  W.  Phillips,  W.  Haidinger, 
and  W.  H.  Miller  was  probably  this  mineral.  Its  occurrences  in  Cripple  Creek, 
Colorado,  was  described  by  A.  H.  Chester  ; and  in  Kalgoorlie,  Western  Australia, 
by  A.  Frenzel,  E.  F.  Pittman,  A.  Gmehling,  M.  Maryansky,  and  K.  Schmeisser. 
J.  A.  Krenner  called  it  bunsenine — after  R.  Bunsen — and  J.  D.  Dana  altered  this 
to  bunsenite ; while  G.  vom  Rath  called  it  krennerite  because  the  former  term  was 
already  in  use  for  native  nickelous  oxides.  The  analysis  approximates  to  silver 
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gold  ditelluride,  Ag2Te.Au2T'e3,  or  AgAuTe2,  or,  as  E.  S.  Simpson  writes  it, 
(Ag,  Au2)Te4,  Ag.Te.Te.Te.Te.Au.  Analyses  were  reported  by  M.  H.  Klaproth, 
W.  Petz,  S.  Koch,  E.  H.  Liveing,  R.  Scharizer,  L.  Sipocz,  A.  H.  Chester,  A.  Frenzel, 
and  E.  F.  Pittman  ; the  analysis  by  L.  Sipocz  was  eq.  to  Ag3Au10Te26.  Krennerite 
occurs  in  prismatic  crystals  which  are  vertically  striated.  The  colour  varies  from 
silver- white  to  brass-yellow.  6.  vom  Rath  found  that  the  rhombic  crystals  have  the 
axial  ratios  a : b : c=0-94071  : 1 : 0-50445.  Observations  on  - the  crystals  were 
made  by  A.  H.  Chester,  J.  A.  Krenner,  A.  Schrauf,  L.  Sipocz,  and  H.  A.  Miers. 
The  (OOl)-cleavage  is  complete.  W.  M.  Davy  and  C.  M.  Farnham  examined  the 
etched  polished  surfaces.  W.  Petz  gave  8-27-8-33  for  the  sp.  gr. ; A.  Frenzel, 
8-14 ; L.  Sipocz,  8-3533.  The  hardness  is  2-5.  H.  E.  McKinstry  observed  no 
action  when  krennerite  is  exposed  to  the  electric  arc-light.  R.  6.  Harvey  measured 
the  electrical  resistance. 

The  Schrifterz,  Blattererz,  aurum graphicum,  etc.,  indicated  in  connection  with  the 
history  of  tellurium,  to  which  the  term  syivanite — from  Transylvania — was  subse- 
quently applied,  was  analyzed  by  M.  H.  Klaproth,8  J.  J.  Berzelius,  W.  Petz,  S.  Koch, 
A.  Schrauf,  L.  Sipocz,  F.  W.  Clarke,  P.  Krusch,  A.  Carnot,  E.  H.  Liveing,  C.  Palache, 
W.  H.  Hobbs,  F.  A.  Genth,  V.  Hanko,  and  E.  S.  Simpson.  The  results  agree  with 
the  formula  (Au,Ag)Te2,  in  which  the  at.  ratio  Au  : Ag  varies  from  1 : 1 to  about 
6:1.  The  formula  (Au,Ag)Te2  was  given  by  G.  Rose,  and  P.  Groth.  C.  F.  Ram- 
melsberg,  W.  Petz,  and  C.  F.  Rammelsberg  supposed  syivanite  to  be  a mixture  of 
silver  monotelluride  and  gold  tritelluride.  G.  A.  Kenngott  used  the  formula 
(Au,Ag,Pb)  (Te,Sb)2.  The  occurrence  of  the  mineral  in  Nagyag,  Offenbanya, 
Zalathna,  and  Faczelraja,  Transylvania,  was  described  by  B.  von  Cotta,  V.  von 
Zepharovich,  A.  von  Groddeck,  A.  Schrauf,  A.  Stiitz,  K.  Vrba,  and  F.  Beyschlag ; 
in  Hungary,  by  F.  von  Richthofen  ; in  California,  by  J.  D.  Mathewson,  H.  J.  Bur- 
kart,  and  G.  Kiistel ; in  Colorado,  by  B.  Silliman,  F.  A.  Genth,  E.  P.  Jennings, 
J.  D.  Dana,  C.  Palache,  W.  F.  Hillebrand,  R.  Pearce,  and  W.  H.  Hobbs  ; in  South 
Dakota,  by  F.  C.  Smith  ; in  Ontario,  Canada,  by  G.  C.  Hoffmann  ; and  in  Western 
Australia,  by  A.  Frenzel,  and  E.  S.  Simpson. 

The  mineral  occurs  in  steel-grey  to  silver- white  crystals  with  more  or  less  of  a 
yellow  tinge.  J.  C.  L.  Schroder  van  der  Kolk  said  that  the  streak  of  syivanite  is 
bluish.  The  crystals  were  supposed  by  W.  Phillips,  and  F.  Mohs  to  be  rhombic ; 
and  J.  F.  L.  Hausmann,  and  W.  H.  Miller  inclined  to  the  same  view.  According 
to  N.  V.  Kokscharoff,  the  crystals  are  monoclinic  ; this  view  was  supported  by 
J.  A.  Krenner,  and  A.  des  Cloizeaux.  According  to  A.  Schrauf,  the  monoclinic 
crystals  have  the  axial  ratios  a : b : c=l-63394  : 1 : 1-12653,  .and  /3=89°  35'. 
Twinning  occurs  about  the  (lOl)-plane,  and  there  is  contact  twinning,  lamellar 
twinning,  and  penetration  twinning  which  give  rise  to  branching  dendritic  forms 
resembling  written  characters — hence  the  terms  Schrifterz,  and  Schrifttellur.  The 
dendrites  usually  cross  at  an  angle  of  69°  44' — rarely  at  55°  8',  or  90°.  Skeleton 
forms  are  common.  The  (010) -cleavage  is  perfect.  The  crystals  were  examined 
by  G.  Rose,  V.  von  Zepharovich,  F.  A.  Genth,  W.  H.  Hobbs,  C.  Palache,  etc. 
W.  M.  Davy  and  C.  M.  Farnham  examined  etched  polished  surfaces.  The  sp.  gr. 
given  by  W.  Petz  is  8-28  ; L.  Sipocz,  8-0733 ; Y.  Hanko,  8-036  ; F.  A.  Genth, 
7-943;  and  C.  Palache,  8-161.  The  hardness  is  1-5.  J.  Joly  observed  a sublimate 
of  tellurium  dioxide  is  formed  below  730°  and  780° ; and  of  monoxide  between  460° 
and  520°.  E.  T.  Wherry  formed  the  mineral  to  be  a fair  radio-detector. 
H.  E.  McKinstry  observed  no  effect  by  exposing  the  mineral  to  the  electric  arc- 
light.  R.  G.  Harvey  measured  the  electrical  resistance. 

W.  H.  Hobbs  described  a mineral  from  Arequa  Gulch,  Colorado,  which  he  called  gold- 
achmidlite — after  V.  Goldschmidt.  It  occurs  in  silvery  white,  monoclinic  prisms  with  the 
axial  angles  a :b  : c = l-8561  : 1 : 1-2980,  and  /?  = 89°  11'.  Twinning  is  common  ; the 
(OlO)-cleavage  is  perfect ; the  sp.  gr.  is  8-6  ; and  the  hardness  2.  The  analysis  corresponded 
with  AgAu2Te„.  C.  Gastaldi  gave  (Au,Ag)2Te5.  In  view  of  the  variations  in  the  com- 
position of  syivanite,  both  C.  Palache,  and  E.  S.  Simpson  consider  goldsclimidtite  to  be 
] identical  with  syivanite. 
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F.  A.  Gentli  found  a pale  bronze-yellow,  massive,  indistinctly  crystalline  mineral 
in  Calaveras  Co.,  California,  and  in  the  Red  Closed  Mine  of  Colorado  ; he  called  it 
calaverite.  Analyses  were  reported  by  A.  Carnot,  F.  A.  Genth,  W.  F.  Hillebrand, 
R.  W.  E.  Maclvor,  A.  G.  Holroyd,  P.  Krusch,  E.  H.  Liveing,  W.  Lindgren  and 

F.  Ransome,  S.  L.  Penfield  and  W.  E.  Ford,  L.  J.  Spencer,  E.  S.  Simpson,  etc.  The 
composition  corresponds  with  that  of  krennerite,  (Au,Ag)Te2,  or  in  the  idealized 
case,  AuTe2.  The  crystals  were  stated  by  S.  L.  Penfield  and  W.  E.  Ford  to  be 
monoclinic  with  the  axial  ratios  a : b : c=l-6313  : 1 : 1*1449,  and  /3=90°  13'. 

G.  F.  H.  Smith  regarded  it  as  triclinic  with  the  axial  ratios  a:b:c 
=2-0013  : 1 : 1-1743,  and  a=83°  58',  £=100°  39',  and  y=90°  19'.  M.  L.  Huggins 
studied  the  electronic  structure  of  the  crystals.  F.  A.  Genth  gave  9-043  for  the 
sp.  gr. ; E.  S.  Simpson,  9-311  ; J.  C.  H.  Mingaye,  9-377  ; and  R.  W.  E.  Maclvor, 
9-314  ; J.  Joly  "observed  a sublimate  of  tellurium  monoxide  occurs  between  450° 
and  530°,  and  of  dioxide  between  600°  and  675°.  A.  Beutell  obtained  moss  gold  by 
heating  the  telluride  in  a sealed  tube  at  350°-600°.  E.  T.  Wherry  found  the  mineral 
to  be  a fair  radio- detector.  According  to  L.  J.  Spencer,  when  calaverite  is  heated 
on  charcoal  in  the  oxidizing  flame  of  the  blowpipe,  the  tellurium  it  contains  is 
readily  oxidized,  giving  rise  to  the  flame,  a bead  of  gold  being  left  behind.  When 
heated  in  a bulb-tube,  calaverite  gives  a black  sublimate  of  metallic  tellurium,  and 
a less  volatile  sublimate  of  drops  of  tellurous  oxide  (Te02),  which  is  yellow  when  hot 
and  white  or  colourless  when  cold  ; a yellow  malleable  bead  of  gold  is  not  obtained 
in  this  way.  During  the  cooling  of  the  beads  so  obtained,  either  on  charcoal  or  in 
the  bulb-tube,  the  interesting  phenomenon  of  recalescence  was  sometimes  observed 
— after  a red-hot  bead  had  become  dark  it  suddenly  and  momentarily  again  flashed 
out  red  and  glowing.  This  behaviour,  which  was  also  exhibited  by  beads  obtained 
from  sylvanite,  appeared  to  depend  on  the  presence  of  a small  amount  of  tellurium 
still  remaining  in  the  bead.  H.  E.  McKinstry  observed  no  effect  when  the  mineral 
is  exposed  to  the  electric  arc-light.  R.  G.  Harvey  studied  the  electrical  resistance. 

These  observations  make  it  appear  as  if  there  are  three  gold  tellurides  : (1) 
idealized  gold  ditelluride,  AuTe2 — namely,  rhombic  krennerite  ; (2)  monoclinic 

sylvanite,  and  (3)  triclinic  calaverite.  All  these 
minerals  contain  more  or  less  silver.  The  thermal 
diagram  for  the  system  : Au-Te  was  examined  by 

H.  Pelabon,  and  more  completely  by  G.  Pellini  and 
E.  Quercigh,  whose  results  are  summarized  in 
Fig.  16.  The  alloys  were  made  by  direct  fusion  in 
an  atm.  of  carbon  dioxide.  The  curve  has  a single 
maximum  corresponding  with  gold,  ditelluride, 
AuTe2,  melting  at  464° ; H.  Pelabon  gave  472° 
for  the  m.p. ; and  T.  K.  Rose,  452°.  The  curve  of 
G.  Pellini  and  E.  Quercigh  shows  two  eutectics  at 
416°  with  12  at.  per  cent.  Au,  and  at  447°  with 
47  at.  per  cent.  Au.  There  is  no  indication  of  the 
formation  of  solid  soln.  Since  the  ditelluride 
cannot  be  obtained  by  the  action  of  tellurium  on  gold  salts,  it  is  inferred  that  the 
minerals  have  been  formed  by  fusion  processes.  M.  Costefs  observations  on  the 
microscopic  appearance  and  the  e.m.f.  of  gold-tellurium  alloys  showed  the  gold 
telluride. 

E.  H.  Liveing  described  a white  mineral  with  a bismuth  tinge  of  colour  from  Kalgoorlie, 
West  Australia.  He  called  it  speculite.  It  has  the  perfect  cleavage  of  sylvanite  and  a 
sp.  gr.  of  8-64.  The  analysis  indicates  36-1  to  36-6  per  cent,  of  gold,  3-50  to  4-45  per  cent, 
of  silver,  and  the  rest  tellurium. 

J.  J.  Berzelius  reported  gold  hemitelluride,  Au2Te,  to  be  formed  by  heating  gold 
sulphotelluride,  Au2S3.TeS2,  so  as  to  drive  off  the  sulphur  ; B.  Brauner  9 said  that 
when  the  alloys  of  tellurium  are  heated  to  redness  in  a current  of  carbon  dioxide, 
they  dissociate  into  a mixture  of  the  hemitelluride  and  gold.  J.  Margottet  said 


Fig.  16. — Freezing-point  Curve 
of  the  System  : Au-Te. 
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that  the  hemitelluride  is  formed  when  the  vapour  of  tellurium  is  passed  over  leaf 
gold  heated  in  the  absence  of  air.  V.  Lenher  was  unable  to  prepare  a gold  telluride 
by  heating  a mixture  of  the  two  elements  ; and  when  hydrogen  telluride  is  passed 
into  a soln.  of  auric  chloride,  gold  is  precipitated.  If  a soln.  of  auric  chloride  be 
treated  with  tellurium,  gold  is  deposited  and  tellurium  tetrachloride  is  formed  : 
4AuCl3+3Te=4Au+3TeCl4.  He  also  found  that  the  natural  tellurides — calaverite, 
sylvanite,  coloradoite,  kalgoorlite,  and  nagyagite — the  gold-tellurium  alloys 
behave  in  a similar  manner.  Hence,  it  was  inferred  that  these  tellurides  are  not 
to  be  regarded  as  chemical  individuals.  L.  Nowack  observed  that  the  alloys  with 
gold  and  tellurium  are  very  brittle.  C.  A.  Tibbals  found  that  sodium  telluride 
precipitates  gold  and  tellurium  from  soln.  of  sodium  tellurate,  but  the  substances 
formed  do  not  appear  to  be  of  constant  composition.  When  sodium  telluride 
reacts  with  an  excess  of  neutral  auric  chloride  soln.,  a precipitate  of  metallic  gold 
is  formed  which  contains  no  tellurium.  This  may  be  due  to  one  of  two  reactions, 
viz.  a telluride  of  gold  may  be  formed  which  at  once  reacts  with  the  excess  of  nitric 
chloride,  reducing  it  in  a manner  similar  to  the  action  of  the  natural  tellurides  ; or 
the  sodium  telluride  may  act  simply  as  a reducing  agent  toward  the  auric  chloride 
according  to  the  equation : 2AuCl3-f-  Na2Te=2NaCl-{-TeCl4-|-2Au.  A.  Brukl 
obtained  auric  telluride,  Au2Te3,  by  the  action  of  hydrogen  telluride  on  an  ethereal 
soln.  of  auric  chloride  since  in  aq.  soln.  the  compound  is  decomposed.  The  black, 
flocculent  telluride  is  soluble  in  soln.  of  ammonium  hydrotelluride  and  sodium 
telluride,  and  only  slightly  soluble  in  soln.  of  ammonium  sulphide  or  sodium  sul- 
phide. Non-oxidizing  acids  are  without  action,  but  nitric  acid  dissolves  the 
tellurium  and  leaves  the  gold  behind. 

The  mineral  hessite,  in  the  idealized  case,  is  silver  hemitelluride,  Ag2Te,  but  it  is 
nearly  always  auriferous,  and  to  distinguish  the  two,  J.  F.  L.  Hausmann  called  the 
former  Tellursilber  and  the  latter,  Tellurgoldsilber  ; and  W.  Haidinger  proposed  to 
call  the  auriferous  varieties  petzite — after  W.  Petz.  The  analyses  and  occurrences 
are  included  in  the  description  of  hessite.  Like  hessite  it  crystallizes  in  the  cubic 
system.  The  idealized  mineral  can  be  regarded  as  gold  hemitelluride,  Au2Te, 
actually  it  is  a silver  gold  hemitelluride,  (Au,Ag)2Te.  J.  Joly  found  that  a sub- 
limate of  tellurium  dioxide  is  formed  at  750°.  E.  T.  Wherry  found  the  mineral  to  be 
a poor  radio-detector.  According  to  L.  J.  Spencer,  when  heated  on  charcoal  in 
the  oxidizing  flame  of  the  blowpipe,  petzite  produces  only  slightly  the  bluish-green 
coloration  of  the  flame  and  the  dense  white  fumes  characteristic  of  tellurium  ; only 
when  fused  with  sodium  carbonate  does  it  give  a white  malleable  bead,  and  this 
when  placed  in  nitric  acid  becomes  yellow.  Calaverite  and  sylvanite,  on  the  other 
hand,  are  much  less  stable,  and  are  readily  converted  into  a bead  of  gold  by  simply 
heating  on  charcoal  in  the  oxidizing  flame  ; this,  however,  takes  place  much  more 
readily  with  calaverite  than  with  sylvanite,  since  the  latter  contains  more  silver  in 
combination  with  the  tellurium.  H.  E.  McKinstry  observed  no  effect  by  exposing 
the  mineral  to  the  electric  arc-light.  According  to  F.  Zambonini,  the  analyses  of 
krennerite  fall  into  two  groups  : those  containing  but  little  silver  and  with  the 
ditelluride  formula  (Au,Ag)Te2  ; and  those  containing  about  20  per  cent,  silver, 
which  have  the  monotelluride  formula  (Ag,Au)Te.  Crystals  of  the  former  group 
are  identical  with  the  orthorhombic  krennerite  ; and  those  of  the  latter  group  are 
taken  to  represent  a distinct  species  for  which  the  name  muthmannite — after 
W.  Muthmann — was  proposed.  Analyses  by  A.  Schrauf,  S.  Koch,  R.  Scharizer, 
and  C.  Gastaldi  agree  with  the  formula  for  silver  gold  monotelluride,  (Au,Ag)Te, 
or  in  the  idealized  case,  gold  monotelluride,  AuTe.  Externally,  muthmannite 
resembles  krennerite,  but  the  imperfect  crystals  are  tabular  and  often  elongated  in 
one  direction,  parallel  to  which  direction  there  is  a perfect  cleavage.  The  colour 
is  very  pale  brass-yellow,  but  on  a fresh  cleavage,  greyish-white.  A.  D.  Alvir 
described  a gold  silver  telluride  from  Antamok,  Philippine  Islands,  which  he  called 
untamokite. 

M.  Berthelot'and  C.  Fabre  10  obtained  calcium  telluride,  presumably  CaTc,  by 
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heating  calcium  tellurite  with  carbon  in  a current  of  hydrogen.  It  is  decomposed 
by  acids  with  the  evolution  of  hydrogen  telluride,  rapidly  if  the  telluride  is  powdered, 
and  slowly  if  it  be  in  lumps.  M.  Berthelot  and  C.  Fabre  obtained  strontium  telluride 
in  a similar  way ; and  also  barium  telluride.  F.  A.  Henglein  and  R.  Roth  could 
not  make  the  alkaline  earth  tellurides  by  the  methods  they  used  for  the  selenides. 
M.  Haase  gave  4'87  for  the  sp.  gr.  and  54-41  for  the  mol.  vol.  of  calcium  telluride  ; 
respectively  5-22  and  41-21  for  strontium  telluride ; and  respectively  5-51  and 
48-08  for  barium  telluride.  The  X-radiograms  show  that  the  space-lattices  of 
calcium  and  strontium  tellurides  have  the  sodium  chloride  structure  with  a re- 
spectively 3-20  A.,  and  3-34  A.  V.  M.  Goldschmidt  gave  a=6-343  A.  for  calcium 
telluride,  and  I.  Oftedal,  a=6-345  A.,  while  M.  Haase  gave  a=6-82  to  6-86  A. 
for  barium  telluride,  6-48  A.  for  strontium  telluride,  and  6-1  A.  for  calcium 
telluride.  He  also  gave  for  the  ionic  distances  3-05  A.  for  calcium  telluride,' 
3-26  A.  for  strontium  telluride,  and  3-41  A.  for  barium  telluride.  L.  Pauling  dis- 
cussed the  structure.  K.  Spangenberg  found  the  crystal  structure  of  barium' 
telluride  to  be  of  the  sodium  chloride  type  with  a density  of  7-593.  He  also  found 
the  index  of  refraction  and  the  mol.  refraction  to  be  respectively  2-51,  and  22-04 
for  calcium  telluride  ; 2-408,  and  25-39  for  strontium  telluride  ; and  2-440,  and 
29-94  for  barium  telluride.  I.  Oftedal  discussed  the  lattice  constants  of  calcium 
telluride.  M.  Haase  found  the  index  of  refraction  for  the  ZMine  to  be  between  2-51 
and  2-58  for  calcium  telluride  ; and  for  the  T1-,  D-,  and  C-lines  respectively  2-460, 
2-448,  and  2-367  for  strontium  telluride,  and  2-520,  2-440,  and  2-379  for  barium 
telluride.  For  the  mol.  refraction  of  calcium,  strontium,  and  barium  tellurides,  he 
gave  respectively  21-99,  24-38,  and  29-95.  F.  Wohler  prepared  beryllium  telluride, 
as  a grey  powder,  by  heating  a mixture  of  the  two  elements.  Combination  occurs 
without  incandescence  ; and  the  cold  product  gives  off  hydrogen  telluride  when 
treated  with  water.  W.  Zachariasen  gave  a=5-615  A.  for  the  side  of  the  face- 
centred  lattice  of  beryllium  telluride.  M.  Berthelot  and  C.  Fabre  obtained  mag- 
nesium telluride,  presumably  MgTe,  by  heating  magnesium  in  the  vapour  of  tellurium 
carried  by  a current  of  hydrogen.  If  a mixture  of  tellurium  and  magnesium  be 
heated  to  dull  redness,  a reaction  sets  in  with  explosive  violence.  W.  Zachariasen 
found  that  while  magnesium  oxide,  sulphide  and  selenide  have  the  sodium  chloride 
structure,  magnesium  telluride  has  the  wurtzite  space-lattice  with  side  a=4-52  A., 
c=7-33  A.,  and  a : c=l  : 1-622 ; the  calculated  density  is  3-86,  and  the  shortest 
distance  between  the  magnesium  and  tellurium  atoms  is  2 76  A.  M.  Haase  gave 
26-83  for  the  mol.  vol.  K.  Spangenberg  found  the  index  of  refraction  to  be  3-05,  and 
the  mol.  refraction  29-94  ; while  M.  Haase  gave  3-50  for  the  index  of  refraction  for 
the  D-line.  White,  flocculent  magnesium  telluride  quickly  turns  brown  when 
exposed  to  air,  it  dissolves  in  water  forming  a purple-red  soln.  if  the  water  is  only 
slightly  aerated,  but  if  the  water  is  charged  only  with  nitrogen,  the  aq.  soln.  is 
colourless.  Acidulated  water  acts  on  the  telluride  with  the  evolution  of  hydrogen 
telluride.  L.  Moser  and  K.  Erth  prepared  magnesium  telluride,  as  a brown  sintered 
mass,  by  distilling  tellurium  at  a low  press,  over  finely-divided  magnesium. 
D.  M.  Liddell  made  it  by  dropping  tellurium  into  molten  magnesium.  According 
to  A.  Hilger,  and  K.  B.  Heberlein,  an  ammoniacal  soln.  of  a magnesium  salt  in  the 
presence  of  an  aq.  soln.  of  an  alkali  telluride  gives  a precipitate  of  ammonium 
magnesium  telluride. 

J.  J.  Berzelius31  found  that  when  a mixture  of  zinc  and  tellurium  is  heated 
union  occurs  with  incandescence,  and  a grey  porous,  crystalline  mass  is  produced 
which  is  not  soluble  in  dil.  sulphuric  acid  or  cone,  hydrochloric  acid.  J.  Margottet 
obtained  zinc  telluride,  ZnTe,  by  heating  a mixture  of  the  component  elements  ; 
and  C.  A.  Tibbals  obtained  it  in  a similar  way.  M.  Kobayashi  found  that  alloys 
of  tellurium  and  zinc  furnish  a f.p.  curve,  Fig.  17,  which  shows  the  existence  of  only 
one  compound,  ZnTe,  with  a maximum  at  1238-5°.  The  two  eutectic  points 
practically  coincide  with  the  m.p.  of  the  pure  components.  The  f.p.  curve  falls 
steadily  from  the  compound  to  tellurium,  but  alloys  richer  in  zinc  lose  zinc  so  rapidly 
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by  volatilization  that  it  is  not  possible  to  determine  the  course  of  the  curve, 
although  the  zinc  eutectic  arrest  is  well  marked.  H.  St.  C.  Deville  and  L.  Troost 
obtained  cubic  crystals  of  the  telluride  by  passing  hydrogen  over  zinc  telluride 
heated  to  bright  redness.  L.  Moser  and  K.  Erth  prepared  zinc  telluride,  as  a pale 
brown  mass,  stable  in  air,  by  distilling  tellurium  at  a low  press,  over  finely-divided 
zinc.  E.  Kordes  studied  the  eutectic.  M.  Kobayashi  obtained  the  telluride  as  a 
mass  of  microscopic  needles  of  sp.  gr.  5-54  at  13CT.  W.  Zachariasen  found  that  the 
X-radiograms  indicate  that  the  cubic  space-lattice,  of  the  zinc  blende  type,  has  four 
mols.  per  cell  ; the  edge-length  of  the  cells  is  6-07  A.  ; and  the  calculated  density 


Fig.  17. — Freezing-point  Curve  of 
the  System  : Zn-Te. 


Fig.  18. — Freezing-point  Curve  of 
the  System  : Cd-Te. 


is  5-72.  By  a double  decomposition  of  soln.  of  sodium  telluride  and  zinc  acetate 
in  acetic  acid  soln.,  C.  A.  Tibbals  obtained  a yellowish-brown  precipitate  of  the 
monohydrate,  ZnTe.H20  ; this  turns  brown  when  dried.  The  compound  was  also 
prepared  by  A.  Brukl.  F.  Henglein  gave  29-5  for  the  mol.  vol.  M.  L.  Huggins 
studied  the  atomic  structure  of  the  crystals.  W.  Zachariasen  gave  a— 6-089  A. 
for  the  side  of  the  face-centred  lattice.  It  is  decomposed  by  dil.  hydrochloric  acid  ; 
it  is  oxidized  by  nitric  acid  ; and  unaffected  by  dil.  sulphuric  acid  ; it  gives  the 
dark  red  anhydride  when  heated  out  of  contact  with  air.  C.  Fabre  gave  37-22 
Cals,  for  the  heat  of  formation  of  the  crystalline  telluride. 

A.  Oppenheim  obtained  impure  cadmium  telluride,  CdTe,  by  heating  cadmium 
tellurite  or  tellurate  to  redness  in  a current  of  hydrogen.  The  black  powder  yields 
a porous,  grey  mass  when  heated  more  strongly.  J.  Margottet  prepared  this 
compound  by  melting  together  eq.  proportions  of  the  two  elements  at  500°,  and 
subliming  the  product  slowly  in  a current  of  hydrogen.  M.  Kobayashi  made  alloys 
by  fusing  mixtures  of  the  two  elements  in  glass  or  porcelain  tubes  in  an  atm.  of  carbon 
dioxide.  The  f.p.  curve,  Fig.  18,  has  a maximum  at  about  1041°,  corresponding 
with  the  compound  TeCd,  but  it  is  not  possible  to  prepare  this  compound  in  a pure 
condition  under  ordinary  press.,  owing  to  the  volatility  of  cadmium.  The  two 
eutectic  points  lie  so  near  to  the  f.p.  of  cadmium  and  tellurium  respectively  as  to  be 
indistinguishable  from  them.  W.  Zachariasen  found  that  the  X-radiogram  agrees 
with  a cubic  space-lattice,  containing  four  mols.  per  cell  which  is  of  the  zinc  blende 
type  with  the  edge-length  of  the  cell  6-41  A. ; and  the  density,  6-06.  W.  Hartvig  also 
said  that  the  space-lattice  is  of  the  zinc  blende  type.  C.  A.  Tibbals,  and  A.  Brukl 
obtained  the  telluride  by  treating  a soln.  of  cadmium  in  acetic  acid  with  sodium 
telluride.  M.  L.  Huggins  studied  the  atomic  structure  of  the  crystals.  C.  Fabre 
gave  for  the  heat  of  formation:  (Cd,Te)=20  Cals.  C.  A.  Tibbals  said  that  the 
chestnut-brown  precipitate  dries  almost  black  ; it  is  easily  oxidized  by  moist  air  ; 
and  is  very  resistant  towards  acids  ; nitric  acid  alone  attacks  it  in  the  cold.  A.  Brukl 
observed  no  sign  of  the  complex  2CdTe.CdCl2. 

F.  A.  Genth12  described  an  iron-black  mineral  which  occurs  at  Keystone. 
Colorado,  and  which  he  called  coloradoite.  The  analysis  was  made  on  impure 
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samples,  but  the  results  were  taken  by  F.  A.  Genth,  aud  C.  F.  Rammelsberg  to 
indicate  that  idealized  coloradoite  is  mercury  monotelluride,  HgTe,  mixed  with 
native  tellurium.  E.  S.  Simpson  analyzed  a sample  from  West  Australia  and  gave 
the  representative  formula  Hg2Te3  ; but  L.  J.  Spencer  found  that  selected  samples 
of  homogeneous  material  from  the  same  locality  gave  results  in  agreement  with 
the  monotelluride  formula.  L.  Rivot,  and  G.  A.  Kenngott  described  impure  mercury 
telluride  from  Chili  : and  W.  F.  Hillcbrand,  from  California.  The  mineral  occurs 
massive  and  granular.  L.  J.  Spencer  thus  described  the  mineral  from  West 
Australia.  It  . is  iron-black,  opaque,  with  a bright  metallic  lustre,  an  excellent 
conchoidal  fracture,  but  no  indication  of  cleavage.  W.  Zachariasen  found  that  the 
X-radiogram  of  the  monotelluride  agrees  with  a cubic  space-lattice,  of  the  zinc 
blende  type,  with  four  mols.  per  cell  ; the  edge-length  of  the  cell  is  a=6-36  A.  ; 
and  the  calculated  density  is  8-42.  F.  de  Jong  found  a=6-43  A.  ; density  8-20 ; 
and  the  distance  between  the  mercury  and  tellurium  atoms  2-78  A.  M.  L.  Huggins 
studied  the  atomic  structure  of  the  crystals.  The  mineral  is  brittle  and  extremely 
friable.  W.  M.  Davy  and  C.  M.  Farnham  studied  the  etching  of  polished  surfaces 
of  the  mineral.  For  impure  samples,  F.  A.  Genth  gave  8-627  ; and  E.  S.  Simpson, 
9-21  ; but  for  more  pure  samples,  L.  J.  Spencer  gave  8-062  to  8-077 — mean,  8-07. 
According  to  L.  J.  Spencer,  tetrahedral  cubic  crystals  of  metacinnabarite,  HgS, 
have  a sp.  gr.  7-81  ; those  of  tiemannite,  8-19  ; but  coloradoite,  instead  of  having  a 
greater  sp.  gr.  has  a smaller  one.  F.  Henglein  gave  38-0  for  the  mol.  vol.  J.  Joly 
observed  a sublimate  of  tellurium  monoxide  occurs  at  20°,  and  of  the  dioxide  at 
835°.  F.  A.  Genth  gave  for  the  hardness,  3-0  ; L.  J.  Spencer,  2-5.  F.  Beijerinck, 
and  R.  D.  Harvey  said  that  it  is  a good  conductor  of  electricity  ; and  E.  T.  Wherry 
found  it  to  be  a fair  radio-detector.  P.  I.  Wolf  and  J.  M.  Hyatt  studied  the  Hall 
effect  with  tellurium  amalgams.  L.  J.  Spencer  ; aid  that  when  coloradoite  is 
heated  on  charcoal,  it  readily  fuses  and  colours  the  flame  bright  bluish-green,  emits 
dense  white  fumes,  and  in  a very  short  time  completely  disappears.  In  the  closed 
tube  it  fuses  with  spluttering  to  a black  globule,  and  gives  a sublimate  of  globules  of 
mercury  and  a much  less  volatile  sublimate  of  drops  of  tellurous  oxide,  the  latter 
being  yellow  when  hot  and  white  or  colourless  when  cold  ; with  a larger  fragment 
of  material  a black  sublimate  of  metallic  tellurium  is  also  obtained. 

Both  M.  H.  Klaproth,  and  J.  J.  Berzelius  noted  the  ease  with  which  tellurium 
amalgamates  with  mercury,  and  they  prepared  tin-white,  and  granular  tellurium 

amalgams  ; and  G.  Pellini  and  C.  Aureggi  found 
that  mixtures  of  mercury  and  powdered  tellurium 
react  readily  on  heating  with  development  of  a 
considerable  amount  of  heat.  When  66  at.  per 
cent,  or  more  of  tellurium  are  present,  the  mixture 
fuses  completely,  whilst  mixtures  less  rich  in  tellu- 
rium decompose  at  a high  temp,  with  liberation 
of  mercury.  The  solidification  curves  of  mixtures 
containing  from  60  to  65  at.  per  cent,  of  tellurium 
exhibit  a eutectic  temp,  halt  at  about  410°,  Fig.  19. 
The  form  of  the  curves  indicates  the  existence  of 
a mercuric  monotelluride,  which,  however,  melts 
with  decomposition  at  the  ordinary  press.,  its  upper 
limit  of  stability  being  about  550°.  The  eutectic 
Te+HgTe  corresponds  with  87  at.  per  cent,  of 
tellurium,  and  has  a distinctly  crystalline  appear- 
ance. Tellurium  dissolves  only  slightly  in  mercury. 
When  triturated  in  a mortar  at  the  ordinary  temp., 
mercury  and  tellurium  yield  a greyish-white  paste 
with  a metallic  lustre,  from  which,  after  a long  time,  or  by  gently  heating,  the 
monotelluride  may  be  isolated.  A.  C.  Vournasos  obtained  the  monotelluride  by 
heating  the  constituents  under  melted  paraffin.  J.  Margottet  found  that  the 


Fig.  19. — Freezing-point  Curve 
of  the  System  : He-Te. 
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vapours  of  the  two  elements  at  about  800°  unite  witli  a small  explosion,  with  the 
evolution  of  heat.  The  black  powder  which  is  formed  suffers  a little  dissociation 
at  360°.  F.  Krafft  and  R.  E.  Lyons  obtained  the  telluride  by  the  action  of 
tellurium  dichloride  on  mercury  phenide.  C.  A.  Tibbals  observed  that  sodium 
telluride  soln.  precipitates  from  mercuric  chloride  soln.,  a grey  substance,  which 
changes  first  to  a yellow  and  then  to  a red  colour,  and  finally  to  a homogeneous 
light  brown.  The  final  product  is  mercurous  chloride,  and  tellurium  is  found 
to  be  dissolved  in  the  soln.  Mercuric  telluride  is  probably  formed  at  first,  but 
subsequently  reacts  with  the  excess  of  mercuric  chloride  reducing  it  to  mercurous 
chloride  with  the  formation  of  tellurium  chloride.  A.  Brukl  obtained  it  by  the 
action  of  hydrogen  telluride  on  soln.  of  mercuric  salts.  Mercury  monotelluride  is 
not  stable  in  air,  but  readily  decomposes  into  its  components.  It  is  a little  soluble 
in  a mixed  soln.  of  sodium  sulphide  and  hydroxide,  but  not  in  ammonium  sulphide  ; 
it  is  a little  soluble  in  a soln.  of  ammonium  hydrotelluride.  Mercuric  chloride  soln. 
are  reduced.  Mercuric  telluride  is  easily  oxidized  by  nitric  acid,  and  acids  decom- 
pose it  into  its  elements  without  forming  hydrogen  telluride.  A.  Brukl  could  not 
prepare  mercurous  telluride,  Hg2Te,  by  the  action  of  hydrogen  telluride  on  a soln. 
of  a mercurous  salt  The  product  is  a mixture  of  tellurium  and  mercury. 

E.  F.  Pittman  described  an  iron-black  mineral  from  Kalgoorlie,  West  Australia,  and  he 
called  it  kalgoorlite.  The  analysis  corresponded  with  HgAu2Ag6Te6  ; and  the  sp.  gr.  was 
8-791.  E.  S.  Simpson,  and  L.  J.  Spencer  also  analyzed  a sample  with  results  in  agreement 
with  this.  A.  Carnot  previously  applied  the  term  kalgoorlite  to  a mercurial  petzite  from  the 
same  locality.  T.  A.  Richard,  and  E.  H.  Liveing  regarded  it  as  a mixture  of  petzite  and 
coloradoite  ; and  this  was  proved  to  be  the  case  by  L.  J.  Spencer — thus,  HgAu2Ag,Tes 
=HgTe(coloradoite)  + 2Ag3AuTe2(petzite)-(-Te.  H.  E.  McKinstry  observed  no  effect 
when  the  mineral  is  exposed  to  the  electric  arc-light.  A.  Carnot  also  described  a mineral 
from  the  East  Coolgardie  gold  field,  West  Australia,  as  a sesquitelluride  of  gold,  silver,  and 
mercury,  (Au,  Ag,  Hg,  Cu,  Fe,  Sb)2Te3,  or  (Au,  Ag,  Hg)2Te3.  It  was  called  coolgardite. 
The  analyses  differ  widely,  and  L.  .T.  Spencer  showed  that  coolgardite  is  probably  not  a 
distinct,  homogeneous  individual,  but  rather  a mixture  of  coloradoite,  calaverite,  petzite, 
and  sylvanite. 

H.  Moissan  13  observed  that  boron  does  not  combine  with  tellurium  to  form 
a boron  telluride.  F.  Wohler  prepared  presumably  normal  aluminium  telluride, 
Al2Te3,  by  heating  a mixture  of  the 
powdered  elements ; a vigorous  reaction 
sets  in,  with  incandescence.  M.  Chika- 
shige  and  J.  Nose  made  a similar  ob- 
servation. C.  Whitehead  said  that  this 
telluride  is  formed  when  variable  quanti- 
ties of  the  two  elements  are  melted 
together.  D.  M.  Liddell  made  the  tellu- 


H.  Fonzes-Diacon  inflamed  a . mixture 
of  the  powdered  elements  by  means  of 
a piece  of  magnesium  ribbon.  M.  Chika- 
shige  and  J.  Nose  studied  the  f.p.  curve 
of  the  mixtures,  and  their  results  are 
summarized  in  Fig.  20.  The  f.p.  curve  on  the  tellurium  side  shows  the  formation 
of  the  normal  telluride  Al2Te3,  of  m.p.  895°.  This  telluride  forms  mixed  crystals 
with  tellurium,  the  series  extending  from  the  pure  compound  (12-4  per  cent,  by 
weight  of  aluminium)  to  a mixture  which  contains  4-4  per  cent,  of  aluminium.  On 
cooling,  the  a-mixed  crystals  undergo  transformation  into  )S-mixed  crystals.  The 
temp,  at  which  this  conversion  takes  place  diminishes  with  increase  in  the  tellurium 
content,  and  for  the  sat.  a-mixed  crystals  falls  to  541°.  The  /3-mixed  crystals 
and  tellurium  co-exist  at  the  eutectic  temp.  414°,  the  eutectic  mixture  containing 
2-8  per  cent,  of  aluminium.  L.  Moser  and  K.  Erth  prepared  aluminium  telluride 
as  a blackish-brown,  amorphous  mass,  by  passing  the  vapour  of  tellurium,  under 


ride  by  dropping  tellurium  into  molten 
aluminium.  R.  de  Forcrand  and 


Fig.  20. — Freezing-point  Curves  of  Mix- 
tures of  Aluminium  and  Tellurium. 
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reduced  press.,  over  finely-divided  aluminium.  A.  L.  Pocock  and  co-workers  dis- 
cussed the  preparation  of  Al-Te-alloys.  The  telluride  may  appear  as  a black,  brittle 
mass  with  a metallic  appearance,  or  it  may  be  a chocolate-brown  powder.  It  smells 
of  hydrogen  telluride,  and  gives  off  that  gas  vigorously  when  treated  with  water 
or  in  contact  with  moist  air:  Al2Te3-|-3H20=3H2Te-j-Al203.  L.  Moser  and 
K.  Erth  also  said  that  aluminium  telluride  decomposes  in  air  forming  hydrogen 
telluride  ; and  they  recommended  the  dropping  of  aluminium  telluride  into  dil. 
acid  as  a mode  of  preparing  hydrogen  telluride.  G.  Natta  studied  the  action  of  the 
telluride.  on~alcohols  and  ethers.  The  f.p.  curve  of  mixtures  of  aluminium  and 
tellurium  on  the  aluminium  side  of  the  Al2Te3-curve  is  terminated  by  a eutectic 
point,  in  which  the  telluride  and  aluminium  co-exist  in  equilibrium.  The  eutectic 
mixture  contains  97  per  cent,  of  aluminium  and  the  eutectic  temp,  is  621°.  The 
conglomerates,  consisting  of  the  telluride  or  aluminium  and  the  eutectic,  undergo 
transformation  when  the  temp,  has  fallen  to  551°  with  the  formation  of  aluminium 
pentitatelluride,  Al5Te,  according  to  the  equation  : Al2Te3-f-13Al=3Al5Te.  The 
compound  Al5Te  is  less  readily  decomposed,  but  hydrogen  telluride  is  liberated  in 
contact  with  water,  the  reaction  being  possibly  represented  by  Al5Te-|-H20+02 
=TeH2-f-  A1203+3A1.  F.  T.  Sisco  and  M.  R.  Whitmore  studied  some  ternary  alloys 
of  aluminium,  copper,  and  tellurium. 

According  to  C.  Renz,14  indium  and  tellurium  unite  with  incandescence  when  the 
mixture  is  heated  forming,  presumably,  indium  telluride,  In2Te3.  According  to 

H.  Pelabon,  tellurium  unites  with  thallium  when 
the  two  elements  are  melted  together,  forming 
thallium  hemitelluride,  Tl2Te,  when  more  than 
24  per  cent,  of  T1  is  present.  A.  Brukl  prepared 
this  telluride  by  the  action  of  hydrogen  telluride 
on  an  ammoniacal  soln.  of  a thellous  salt.  It  is 
easily  decomposed,  and  gives  hydrogen  telluride 
with  acids.  C.  Fabre  gave  12-24  for  the  heat  of 
formation  of  crystallized  thallous  telluride.  G.  Tam- 
mann  studied  the  chemical  activity  of  the  alloys. 
This  compound  melts  at  412°,  and  as  the  proportion 
of  thallium  diminishes,  the  m.p.  curve  rises  to  a 
maximum  at  422°,  corresponding  with  the  com- 
pound thallium  pentitatritelluride,  Tl5Te3,  or  Tl2Te3.9Tl2Te.  The  curve  then  falls 
to  a minimum  at  214°  representing,  presumably,  the  eutectic  mixture  2Tl-|-5Te  ; 
and  it  finally  rises  to  452°,  the  m.p.  of  tellurium  alone.  M.  Chikashige’s  f.p.  curve, 
Fig.  21,  shows  only  a single  maximum  at  428°  corresponding  with  thallium  tritadi- 
telluride,  Tl3Te2,  and  the  break  in  the  curve  at  305°  and  40-5  per  cent,  of  tellurium 
corresponds  with  thallium  monotelluride,  TITe.  The  eutectic  point  lies  at  200° 
and  58-5  per  cent.  Te.  The  alloys  separate  into  two  liquid  layers  between  the  limits 
1-5  and  24  per  cent.  Te  at  393°.  Solid  soln.  are  formed  only  by  the  compound 
Te2Tl3  with  5-5  per  cent,  of  thallium.  This  compound  is  very  brittle,  whilst  the 
compound  TeTl,  which  forms  long  needles,  is  much  less  so. 

According  to  A.  Stock  and  H.  Blumenthal,15  when  an  arc  is  formed  under  carbon 
disulphide  between  a tellurium  cathode  and  a graphite  anode  the  tellurium  is 
rapidly  vaporized,  and  condenses,  for  the  most  part,  in  the  form  of  a fine  black 
powder.  At  the  same  time  the  carbon  disulphide  becomes  yellow  to  brownish-red 
in  colour,  and  acquires  a penetrating,  very  disagreeable  odour.  On  exposure  to 
daylight,  the  filtered  soln.  soon,  and  in  direct  sunlight  immediately,  deposits  a black 
precipitate.  If  the  yellow  soln.  is  concentrated  by  evaporation  on  the  water-batb, 
and  then  heated  in  a sealed  evacuated  tube  at  175°  for  forty-eight  hours,  a greyish- 
black  deposit  is  obtained,  the  carbon  disulphide  not  being  affected.  Analyses 
agreed  with  the  assumption  that  the  unstable  compound  dissolved  in  carbon 
disulphide,  and  which  is  readily  decomposed  by  exposure  to  light  or  heat,  is  carbon 
ditalluride,  CTe2.  On  evaporating  the  yellow  soln.  in  carbon  disulphide,  it  leaves 
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Fig.  21. — Freezing-point  Curve 
of  the  System  : Tl-Te. 
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a viscid,  brown  residue,  which  will  again  dissolve  to  a yellow  soln.  if  immediately 
treated  with  the  solvent,  but  otherwise  becomes  solid  and  greyish-black  in  a few 
seconds,  decomposing  into  carbon  and  tellurium.  The  same  soln.  at  — 100  gives 
glistening,  brown  crystals,  which  dissolve  on  slightly  raising  the  temp.  The  soln. 
of  carbon  telluride  has  an  unbearable  penetrating  odour,  even  when  so  dilute  as 
0-1  per  cent.  Smelling  a somewhat  stronger  soln.  for  only  a short  time  is  enough  to 
impart  an  intense  odour  of  garlic  to  the  breath  for  several  days.  A.  Stock  and 
P.  Praetorius  showed  that  the  phenomena  are  due  to  the  decomposition  of  carbon 
sulphotelluride — vide  infra.  There  is  no  evidence  that  carbon  ditelluride  has  been 
prepared.  I.  Oftedal  prepared  small,  tabular,  red 
crystals  of  titanium  telluride,  TiTe2,  by  heating  a 
mixture  of  powdered  titanium  and  tellurium.  The 
X-radiograms  show  that  the  crystals  have  a struc- 
ture like  cadmium  iodide-stannic  sulphide,  and 
titanium  sulphide  and  •selenide.  The  hexagonal 
lattice  has  a= 3-774  A.,  and  c= 6-539  A.,  or 
as : c=l  ; 1-732.  The  calculated  sp.  gr.  is  6-24. 

G.  Natta,  and  V.  M.  Goldschmidt  studjed  this 
subject.  J.  J.  Berzelius  observed  that  tellurium 
readily  alloys  with  tin,  and  A.  Ditte  found  that 
tin  monotelluride,  or  stannous  .telluride,  SnTe, 
is  produced  when  the  two  elements  in  theoretical  proportions  are  melted  together. 
Combination  occurs  with  incandescence  as  soon  as  the  tin  melts.  If  the  matte- 
grey  powder  be  heated  to  bright  redness  in  a current  of  hydrogen,  it  forms 
a green  vapour,  and  slowly  distils.  D.  M.  Liddell  made  the  alloy  by  dropping 
tellurium  into  molten  tin.  H.  Pelabon  found  that  the  f.p.  curve  of  tin  rises  with  the 
addition  of  tellurium  rapidly  and  then  more  gradually  until  a maximum  at  780°  is 
attained  corresponding  with  the  monotelluride  ; the  curve  then  falls  rapidly  to  a 
minimum  curve  at  388°,  the  f.p.  of  the  eutectic  with  17  per  cent,  of  tellurium.  It 
then  rises  to  452°,  the  m.p.  of  tellurium.  There  is  no  sign  of  either  Sn2Te3  or  of 
SnTe2  on  the  f.p.  curve.  In  H.  Fay’s  curve,  the  maximum  for  SnTe  is  at  769°,  and 
the  eutectic  at  399°  and  85  per  cent.  Te  ; the  other  eutectic  has  a very  low  proportion 
of  tellurium.  In  W.  Biltz  and  W.  Mecklenberg’s  curve,  Fig.  22,  the  maximum 
for  SnTe  is  at  800°,  and  a eutectic  at  404°  and  85  per  cent.  Te.  M.  Kobavashi 
obtained  a maximum  at  780°,  and  a eutectic  at  393°  with  86  per  cent,  of  tellurium. 
E.  Kordes  studied  the  eutectics.  A.  Brukl  obtained  stannous  telluride,  SnTe,  by 
the  action  of  hydrogen  telluride  on  a soln.  of  stannous  chloride.  W.  Harz  gave 
3-07  X 1012  for  the  vibration-frequency.  W.  Haken’s  observations  on  the  electrical 
-conductivities  of  the  alloys  are  summarized  in  Fig.  23  ; and  his  observations  on  the 
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Fig.  22. — Freezing-point  Curve 
of  Tin  and  Tellurium. 
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Fig.  23. — The  Electrical  Conductivities 
of  the  Sn-Te  Alloy. 


Fig.  24.- — The  Thermoelectric 
Powers  of  the  Sn-Te  Alloys. 


thermoelectric  powers  are  summarized  in  Fig.  24.  Well-dipped  breaks  occur 
corresponding  with  the  monotelluride.  Between  55  and  100  per  cent,  of  Sn,  the 
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thermoelectric  power  curve  is  a straight  line  of  small  slope.  N.  A.  Puschin  observed 
that  the  grey  alloys  of  tellurium  and  tin  are  brittle,  and  that  the  electrode  potential 
difference  with  the  cell  Sn  | 2V-H2S04  | SnTe„  has  a break  corresponding  with  the 
monotelluride,  as  shown  in  Fig.  25.  The  observations  of  K.  Honda  and  T.  Sone  on 


I 
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Fig.  25. — Electromotive  Force  of  the 
Cel!  Sn  | AT-H2S04  | SnTe„. 


Fig.  26. — Magnetic  Susceptibility 
of  the  Sn-Te  Alloys. 


the  magnetic  susceptibilities  of  the  solid  and  liquid  alloys,  are  summarized  in  Fig.  26. 
The  curve  consists  of  two  straight  lines  which  intersect  at  the  concentration  corre- 
sponding with  the  monotelluride.  H.  Endo  also  studied  the  "magnetic  properties 
of  the  alloy.  A.  Ditte  said  that  when  the  monotelluride  is  heated  with  a cone.  soln. 
of  alkali  sulphide,  tellurium  sulphostannate  is  not  formed,  but  tellurium  separates 
in  fern-like,  rhombohedral  plates.  A.  Brukl  made  stannic  telluride  or  tin  ditelluride, 
SnTc2,  by  the  action  of  hydrogen  telluride  on  a soln.  of  a stannic  salt.  The  black 
flocculent  precipitate  is  insoluble  in  water,  but  it  readily  dissolves  in  soln.  of 
ammonium  sulphide,  or  of  alkali  hydroxide.  The  latter  soln.  is  red,  but  it  becomes 
colourless  in  air  with  the  separation  of  a grey  powder.  It  is  decomposed  by  dil. 
acids.  G.  Tammann  studied  the  chemical  activity  of  the  Se-Te  alloys. 

G.  Rose  16  obtained  a mineral  from  Altai,  Urals,  which  he  described  as  a telluride 
of  lead  ; and  it  was  called  altaite  by  W.  Haidinger.  F.  S.  Beudant  employed 

J.  J.  N.  Huot:s  term  for  nagyagite,  namely, 
elasmose.  H.  Louis  described  its  occurrence  at 
Choukpazat,  Upper  Burma ; I.  Domeyko,  in  Con- 
dorriaco,  Chili ; C.  A.  Stetefeldt,  and  F.  A.  Genth, 
in  Calaveras  Co.,  California ; W.  T.  Schaller, 
Tuolumne  Co.,  California ; F.  M.  Endlich,  and 
F.  A.  Genth,  at  Goldhill,  Colorado  ; F.  A.  Genth, 
in  Gaston  Co.,  North  Carolina  ; G.  C.  Hoffmann, 
in  Kootanie,  and  Yale,  British  Columbia ; A.  des 
Cloizeaux,  Bontddu,  North  Wales;  andL.  J.  Spen- 
.cer,  and  E.  S.  Simpson,  Kalgoorlie,  West  Australia. 
Analyses  of  altaite  were  reported  by  G.  Rose, 
H.  Louis,  F.  A.  Genth,  G.  C.  Hoffmann,  W.  T.  Schal- 
ler, and  E.  S.  Simpson.  The  results  agree  that 
altaite  is  q lead  monotelluride,  PbTe,  in  which  a 
little  silver  may  replace  lead,  and  a little  sulphur 
or  selenium  may  replace  tellurium.  The  mineral  usually  occurs  massive,  rarely 
in  cubes. 

J.  J.  Berzelius  observed  that  lead  and  tellurium  readily  form  alloys  when  a 
mixture  of  the  two  elements  is  melted.  H.  Fay  and  C.  B.  Gillson  added  tellurium 
to  lead  melted  under  a layer  of  charcoal ; and  W.  Haken  melted  the  mixture  in 
hydrogen  gas.  D.  M.  Liddell  made  the  alloy  by  dropping  tellurium  into  molten 
lead.  Alloys  were  also  made  by  M.  Dreifuss,  N.  A.  Puschin,  C.  A.  Tibbals,  H.  Pela- 
bon,  A.  C.  Vournasos,  and  M.  Kimura.  J.  Margottet  said  that  union  occurs  at 
about  500°,  and  is  attended  by  the  evolution  of  heat  and  light.  C.  Fabre  made  the 


Fig.  27. — Freezing-point  Curve 
of  Lead  and  Tellurium. 
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monotelluride  by  passing  the  vapour  of  tellurium,  in  a current  of  nitrogen,  over 
heated  lead.  C.  A.  Tibbals  obtained  PbTe  by  heating  Pb2Te3  to  redness ; and 
A.  Brukl,  by  adding  sodium  tclluride  to  a soln.  of  a lead  salt.  According  to 
H.  Pelabon,  the  f.p.  curve  has  a maximum  at  860°  corresponding  with  the  mono- 
telluride and  a eutectic  at  452°  with  9-5  at.  per  cent,  of  tellurium.  H.  Fay  and 
C.  B.  Gillson  added  that  the  lead  easily  becomes  supersaturated  with  respect  to  lead 
telluride,  which  separates  out  at  the  higher  f.p.,  and  the  lower  Lp.  then  corresponds 
with  the  solidification  of  the  lead.  When  still  more  tellurium  is  present,  lead 
telluride  again  separates  at  the  higher  temp.,  but  the  lower  f.p.  corresponds  with  the 
complete  solidification  of  the  alloy,  which  is  an  eutectic  of  lead  telluride  and  tellurium. 
According  to  M.  Kimura,  the  f.p.  curve  is  of  the  simple  type,  Fig.  24,  with  only  one 
compound,  PbTe,  melting  at  904°  ; there  is  a eutectic  at  412°  with  24  per  cent,  of 
lead  ; the  other  eutectic  is  practically  coincident  with  pure  lead.  A.  Mazzucchelli 
and  A.  Vercillo  did  not  obtain  a definite  lead  telluride  by  the  action  of  lead  on 
tellurium  tetrachloride.  E.  Kordes  studied  the  eutectics. 

The  colour  of  altaite  is  tin-white,  with  a yellowish  tinge  tarnishing  to  bronze- 
yellow.  The  cleavage  is  cubic.  According  to  N.  A.  Puschin,  the  tellurium-lead 
alloys  are  grey  and  crystalline,  with  a fine-grained  fracture.  H.  Fay  and  C.  B.  Gill- 
son  said  that  the  microstructure  shows  a eutectic  interspersed  with  crystals  of  lead 
or  tellurium  according  to  which  is  present  in  excess ; and  M.  Kimura  found  the 
microstructure  to  be  in  accord  with  the  thermal  diagram.  C.  H.  Green  studied  the 
Pb-Te  eutectics.  W.  M.  Davy  and  C.  M.  Farnham  examined  polished  and  etched 
surfaces  of  altaite.  L.  S.  Ramsdell  found  that  the  X-radiogram  showed  that  the 
face-centred  space-lattice  is  like  that  of  galena  ; with  a =6-34  A.  L.  Pauling  dis- 
cussed the  lattice-structure.  G.  Rose  gave  8-16  for  the  sp.  gr.  of  altaite ; F.  A.  Gentb, 
8-060  ; G.  C.  Hoffmann,  8-081  ; and  E.  S.  Simpson,  8-223.  F.  Henglein  gave  40-7 
for  the  mol.  vol.  H.  Fay  and  C.  B.  Gillson  found  that  alloys  with  over  50  per  cent, 
of  tellurium  are  very  brittle  ; and  that  their  hardness  increases  as  the  proportion 
of  tellurium  increases.  According  to  P.  Saldau,  the  curve  of  hardness  for  the 
I system  Pb-Te  shows  for  the  compound  PbTe  (altaite)  a hardness  of  31-85  kg.  per 
: sq.  mm.  considerably  in  excess  of  that  of  either  of  the  components  (Pb  3-92,  Te 
18-43  kg.  per  sq.  mm.).  The  maximum  degree  of  hardness  (33-58  kg.  per  sq.  mm.) 
corresponds  with  a content  of  Te  49-8  at.  per  cent.  In  the  system  PbTe-Pb,  lead 
telluride  enters  into  solid  soln.  only  to  a limited 
extent,  whilst  in  the  system  PbTe-Te  it  fails  to 
do  so.  The  m.p.  given  by  H.  Pelabon  is  860°  ; 
and  by  M.  Kimura,  904°.  J.  Maigottet  observed 
that  volatilization  occurs  at  a bright  red-heat, 
and  cubic  crystals  deposit  in  the  cold  part  of 
the  tube.  J.  Joly  observed  that  a sublimate  of 
tellurium  dioxide  occurs  with  altaite  at  710°  to 
850°.  C.  Fabre  gave  11-429  Cals,  for  the  heat 
formation.  E.  T.  Wherry  found  altaite  to  be 
a poor  radio-detector  ; R.  G.  Harvey  studied 
the  electrical  resistance ; and  T.  W.  Case  ob- 
served that  light  has  no  measurable  effect  on 
the  electrical  resistance  of  altaite.  W.  Haken 
found  that  the  thermal  e.m.f.  of  the  lead- 
tellurium  alloys  is  a minimum,  —70  microvolts, 
with  the  monotelluride.  N.  A.  Puschin  mea- 
sured the  potential  difference  with  the  cell  Pb 
a marked  break  corresponding  with  the  monotelluride  ; thus, 

At.  per  cent.  Te  .15  33  46  50  66  100 

P.D.  in  millivolts  . 0 50  17G  482  185  585 

H.  Endo,  and  K.  Honda  and  T.  Sone  measured  the  magnetic  susceptibility  of  the 
solid  and  liquid  alloys,  and  their  results  are  summarized  in  Fig.  28.  H.  Endo  also 
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Fig.  28. — Magnetic  Susceptibility 
of  the  Pb-Te  Alloys. 

iV-Pb(N0o)2  I PbTe„,  and  found 
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studied  the  magnetic  properties  of  the  alloys.  H.  Fay  and  C.  B.  Gillson  found  that 
chlorine  passed  over  the  heated  alloy  forms  tellurium  tetrachloride  which  can  be 
distilled  off  ; and  C.  Fabre  said  that  the  heat  of  soln.  in  bromine  or  bromine  water  is 
104-76  Cals.  K.  B.  Rogers  found  that  altaite  is  decomposed  when  it  is  heated  in 
the  vapour  of  carbon  tetrachloride. 

C.  A.  Tibbals  found  that  when  a soln.  of  sodium  polytelluride  is  added  to  a soln. 
of  lead  acetate  in  acetic  acid,  a heavy  black  precipitate  of  hydrated  lead 
hemitritelluride,  Pb2Te3.4H20,  is  formed.  The  tetrahydrate  is  oxidized  by  nitric 
acid ; but  is  not  attacked  by  sulphuric  and  hydrochloric  acids ; it  loses  water 
when  heated  in  a current  of  hydrogen,  fuses,  and  as  the  heat  is  increased, 
tellurium  volatilizes  leaving  the  monotelluride  as  a residue.  G.  Tammann  studied 
the  chemical  activity  of  the  lead-tellurium  alloys. 

According  to  R.  Metzner,17  dried  liquid  ammonia,  at  —15°,  acts  on  tellurium 
tetrachloride,  so  as  to  form  a yellow  substance  accompanied  by  an  expansion. 
This  product  is  a mixture  of  white  ammonium  chloride  and  a yellow  substance. 
The  solid  is  washed  by  decantation,  and  then  with  water  to  get  rid  of  the  last  traces 
of  ammonium  chloride  ; it  is  then  washed  with  dil.  acetic  acid,  and  finally  with 
water.  When  dried  in  vacuo  and  analyzed,  the  composition  of  the  lemon-yellow, 
amorphous  mass  agrees  with  nitrogen  monotelluride,  NTe.  It  explodes  when 
heated  to  200°,  producing  tellurium  as  a black  dust.  It  is  not  attacked  by  water 
or  dil.  acetic  acid  ; it  is  insoluble  in  liquid  ammonia  ; and  -with  potash-lye,  all  the 
nitrogen  is  evolved  as  ammonia.  The  compound  was  also  obtained  by  M.  Damiens. 
W.  Strecker  and  W.  Ebert  said  that  if  ammonia  acts  on  tellurium  tetrachloride  or 
tetrabromide  at  — 80°,  the  primary  action  results  in  the  formation  of  a hexammine, 
and  this  is  followed  by  the  gradual  replacement  of  the  halogen  atoms  by  the  amido- 
group  ; then  by  loss  of  ammonia  into  imide  and  ultimately  nitride.  The  ammono- 
lysis  proceeds  in  accord  with  3TeBr4+4NH3=Te3Br9N-f- 3NH4Br  • 3TeBr4-f  8NH3 
=Te3Br6N2+6NH4Br  ; and  TeBr4+4NH3=TeBrN+3NH4Br.  It  is  supposed  that 
the  TeN-compound  is  really  an  impure  tellurium  bromonitride,  and  that  the  product 
is  tellurium  tritatetranitride,  Te3N4.  The  ultimate  reaction  is  probably  in  accord 
with  3TeBr4-{-16NH3=Te3N4-}-12NH4Br.  A.  Oppenheim 18  observed  that  a 
tellurium  phosphide,  or  phosphorus  telluride,  is  produced  by  warming  powdered 
tellurium  and  phosphorus  in  a glass  tube ; but  the  product  has  not  been  in- 
vestigated. 

A.  Oppenheim 19  prepared  arsenic  telluride,  As2Te3,  as  well  as  AsTe,  in  the  form 
of  white,  brittle  alloys,  by  melting  together  the  constituent  elements  in  these 

proportions  ; and  similarly  E.  C.  Szarvasy  and 
C.  Messinger,  an  alloy  of  the  composition  As8Te3. 
It  dissociates  when  vaporized.  It  is  insoluble  in 
ordinary  organic  and  inorganic  solvents  ; it  is  not 
attacked  by  hydrochloric  or  sulphuric  acid ; but 
fuming  nitric  acid  oxidizes  it  to  arsenic  and 
tellurous  acids.  There  is  nothing  here  to  show 
which  of  these  products  is  a chemical  individual, 
since  by  the  same  method,  if  two  elements  form 
a homogeneous  series  of  alloys,  an  indefinitely 
large  number  of  each  compounds  could  be  made. 
H.  Pelabon  found  that  the  f.p.  curve,  Fig.  29, 
had  a maximum  at  362°  corresponding  with 
As2Te3.  This  compound  forms  a mass  of  long, 
silver-white  needles  with  a pale  yellow  tint.  According  to  C.  A.  Tibbals,  sodium 
telluride  precipitates  from  aq.  soln.  of  arsenic  trioxide  a brown  arsenic  telluride 
contaminated  with  tellurium.  Arsenic  telluride  was  allowed  to  stand  for  several 
hrs.  in  contact  with  a cone.  soln.  of  sodium  polytelluride.  The  soln.,  after  filtration, 
was  dark  brown  in  colour  and  it  contained  both  arsenic  and  tellurium.  This 
would  seem  to  indicate  the  existence  of  telluro-compounds  analogous  to  the 


Fig.  29. — Freezing-point  Curve  of 
Mixtures  of  Arsenic  and  Tellu- 
rium. 
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sulpho-salts.  This  salt  was  also  prepared  by  A.  Brukl  by  the  action  of  a feebly 
acid  soln.  of  arsenic  trichloride. 

By  fusing  a mixture  of  the  constituent  elements  in  the  correct  proportions, 
A.  Oppenheim  obtained  antimony  telluride,  Sb2Te3,  as  well  as  SbTe ; but  as  in 
the  case  of  arsenic,  there  is  nothing  to  show  that 
chemical  individuals  were  in  question.  H.  Pelabon 
found  a maximum  on  the  f.p.  curve  correspond- 
ing with  Sb2Te3,  and  eutectics  corresponding  with 
5Sb  : 2Te,  and  Sb  : lOTe.  H.  Fay  and  H.  E.  Ashley 
also  observed  a maximum  at  629°  corresponding 
with  Sb2Te3,  and  a eutectic  at  421°  correspond- 
ing with  87  per  cent.  Te.  The  observations  of 
Y.  Kimata  are  summarized  in  Fig.  30.  The 
maximum  at  620°  corresponds  with  Sb2Te3  ; and 
there  are  eutectics  at  540°  with  28  per  cent.  Te, 
and  at  420°  with  89  per  cent.  Te.  There  is  no 
indication  of  the  formation  of  solid  sobi.  ; but  the 
flatness  of  the  curve  near  the  eutectic  on  the 
bismuth  side  led  H.  Fay  and  H.  E.  Ashley  to 
assume  that  solid  soln.  were  formed.  N.  S.  Konstantinofi  and  V.  I.  Smirnoff 
obtained  a maximum  at  622°,  corresponding  with  Sb2Te3,  one  eutectic  at  540°  and 
30  per  cent.  Te,  and  the  other  at  424°  and  89  per  cent.  Te.  They  observed  no  sign 


Fig.  30. — Freezing-point  Curve 
of  Mixtures  of  Antimony  and 
Tellurium. 


Fig.  31. — Electrical  Conductivity  of 
the  Sb-Te  Alloys. 


Fig.  32. — Thermoelectric  Power 
of  the  Sb-Te  Alloys. 
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of  the  formation  of  solid  soln.  near  the  antimony  end,  and  only  a small  region  near 
the  antimony  telluride.  Possibly  H.  Fay  and  H.  E.  Ashley  were  misled  by  under- 
cooling phenomena.  .This  salt  was  also  prepared  by  A.  Brukl  by  the  action  of 
hydrogen  telluride  on  a feebly  acidic  soln.  of 
antimony  trichloride.  M.  Dreifuss  made  some 
observations  on  the  properties  of  these  alloys. 

The  measurements  of  W.  Haken  on  the  electrical 
conductivity  of  the  antimony  tellurium  alloys 
are  summarized  in  Fig.  31,  and  of  the  thermo- 
electric power  in  Fig.  32.  M.  Padoa  observed 
a maximum  in  the  conductivity  corresponding 
with  Sb2Te3.  E.  Becquerel  made  observations 
on  this  subject.  The  addition  of  antimony  to 
tellurium  causes  a rapid  decrease  in  the  electrical 
conductivity  and  in  the  thermoelectric  power ; 
both  quantities  pass  through  a minimum,  and 
then  rise  rapidly  to  a maximum  corresponding 
with  Sb2Te3.  The  courses  of  these  curves  between  0 and  60  per  cent.  Te  are 
typical  of  alloys  of  two  crystalline  phases  forming  solid  soln.  The  magnetic 
susceptibility  by  II.  Endo,  and  K.  Honda  and  T.  Sone  is  shown  in  Fig.  30. 
Between  100  and  62  per  cent.  Te,  the  curve  is  nearly  a straight  line,  and  there 
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is  then  a sudden  change  in  the  direction  of  the  curve.  C.  H.  Green  studied  the 
Sb-Te  eutectic. 

I.  Eques  a Born20  described  a mineral  from  Deutsch-Pilsen,  Hungary,  which  he 
regarded  as  a compound  of  silver  and  molybdenum, . and  A.  G.  Werner  called  it 
Molybddnsilber.  M.  H.  Klaproth,  before  his  discovery  of  tellurium,  said  that  it 
contained  only  sulphur  and  bismuth.  H.  Rose  showed  that  it  contains  tellurium, 
bismuth  and  silver,  with  traces  of  selenium  and  antimony.  J.  J.  Berzelius  also 
showed  that  the  mineral  contains  tellurium  and  a little  selenium.  A similar  mineral 
was  found  at  Riddarhyttan,  Sweden,  and  J.  Esmark  obtained  one  from  Telemark, 
Norway.  A chemically  different  mineral  was  found  by  A.  Wehrle  at  Schubkau, 
Sckemnitz,  and  it  was  called  tetradymite — from  TCTpdSvpos,  fourfold,  in  allusion 
to  the  twinned  crystals — J.  J.  N.  Huot  called  the  mineral  from  Deutsch-Pilsen, 
Hungary,  ivehrlite ; but  since  this  term  had  previously  been  applied  to  a variety 
of  ilvaite — 6.  40,  52 — G.  A.  Kenngott  proposed  the  term  pilsenite.  J.  J.  Berzelius 
regarded  tetradymite  as  a compound  Bi2S3.2Bi2Te3  (that  is  Bi2STe2).  G.  Rose 
regarded  it  as  an  isomorphous  mixture  of  trigonal  telluride  and  sulphide ; and 
C.  F.  Rammelsberg  grouped  the  natural  bismuth  tellurides,  (i)  those  containing 
selenide  ; (ii)  those  containing  sulphide — e.g.  tetradymite  ; and  (iii)  those  con- 
taining both  sulphide  and  selenide — e.g.  the  mineral  from  San  Jose,  Brazil,  to  which 
A.  Damour  applied  the  term  joseite.  J.  F.  L.  Hausmann  had  previously  applied  the 
term  bornite  to  a Brazilian  specimen,  and  F.  S.  Beudant  bornine  to  the  specimen  from 
Pilsen.  The  isomorphism  of  the  bismuth  sulphides,  selenides,  and  tellurides  was 
discussed  by  G.  A.  Kenngott,  C.  F.  Rammelsberg,  J.  E.  Stead,  P.  Groth,  G.  Rose, 
F.  A.  Genth,  and  J.  D.  Dana.  Owing  to  the  variable  proportions  of  the  contained 
tellurium,  selenium,  and  sulphur,  tetradymite  has  been  represented  by  the  formula 
Bi2(S,Se,Te)3.  A.  G.  Werner  called  a variety  of  tetradymite,  Molybddnsilber , 
and  I.  Eques  a Born,  argent  molybdique.  W.  Muthmann  and  E.  C.  Schroder  applied 
the  terra  grunlingiie — after  F.  Griinling — to  a specimen  from  Carrock  Fells,  Cumber- 
land ; and  S.  P.  de  Rubies,  oruetite  to  a specimen  from  Serrania  de  Ronda,  Spain. 

The  occurrences  in  Hungary  wore  described  by  A.  Wehrle,  W.  Haidinger,  V.  R.  von 
Zepharovich,  W.  Muthmann  and  E.  C.  Schroder,  L.  Sipocz,  A.  Frenzel,  J.  C.  Doll, 
K.  F.  Peters,  F.  Posepny,  and  P.  Partsch  ; in  Bohemia,  by  F.  Slavik  ; in  Silesia,  by 
M.  Websky  ; in  England,  by  R.  P.  Greg  and  W.  G.  Lettsom,  C.  F.  Rammelsberg,  and 
W.  Muthmann  and  E.  C.  Schroder  ; in  Russia,  by  K.  Nenadkevie  ; in  Norway,  by  A.  Erd- 
mann ; in  Sweden,  by  A.  Erdmann,  and  J.  J.  Berzelius  ; in  Canada,  by  R.  A.  A.  Johnston  ; 
in  Virginia,  by  H.  J.  Burkart,  C.  T.  Jackson,  C.  Fisher,  and  J.  D.  Dana  ; in  North  Carolina, 
by  F.  A.  Genth  ; in  South  Carolina,  by  J.  D.  Dana  ; in  Georgia,  by  H.  Credner,  F.  A.  Genth, 
J.  D.  Dana,  C.  T.  Jackson,  U.  Shepard,  and  D.  M.  Batch  ; in  Idaho,  by  E.  V.  Shannon  ; in 
Montana,  Colorado,  Georgia,  and  Arizona,  by  F.  A.  Genth,  W.F.  Hillebrand,  and  J.  D.  Dana; 
in  Brazil,  by  .T.  F.  L.  Hausmann,  F.  von  Kobell,  A.  Damour,  P.  A.  Dufr6noy,  and 

F.  A.  Genth  ; in  Bolivia,  by  D.  Forbes,  and  F.  A.  Genth  ; and  in  New  South  Wales,  by 

G.  W.  Card,  and  J.  C.  H.  Mingaye. 

The  analyses  may  be  roughly  arranged  in  three  groups  : (i)  those  approximating 
to  bismuth  sulphoditelluride,  Bi2Te2S,  having  51  to  61  per  cent.  Bi ; 33  to  37  per 
cent.  Te  ; 3-6  to  5-1  per  cent.  S,  and  up  to  about  2 per  cent,  of  Se,  were  analyzed 
by  A.  Wehrle,  J.  J.  Berzelius.  J.  Hauschauer,  J.  Loczka,  W.  Muthmann  and 
E.C.  Schroder,  B.Lightfoot,  A.  Frenzel,  M.  N.  Short  and  E.  P.  Henderson,  K.  Nenad- 
kevie, S.  Koch,  C.  T.  Jackson,  F.  A.  Gen.th,  R.  A.  A.  Johnston,  J.  C.  H.  Mingaye, 
and  E.  Y.  Shannon — these  include  tetradymite.  and  joseite  ; (ii)  those  occurring  in 
Deutsch-Pilsen,  and  in  North  America  ; and  (iii)  those  bismuth  tellurides  which 
have  78  to  86  per  cent.  Bi ; 6 to  16  per  cent.  Te  ; 3 to  9 per  cent.  S ; and  up  to 
about  1-5  per  eent.Se — e.g.  joseite,  (Bi2Te3_6S6),  analyzed  by  A.  Damour,  F.  A.  Genth, 
and  J.  C.  H.  Mingaye,  griinlingite,  (Bi4TeS3),  analyzed  by  C.  F.  Rammelsberg,  and 
W.  Muthmann  and  E.  C.  Schroder,  and  oruetite,  (Bi2TeS4),  analyzed  by  S.  P.  de 
Rubies.  Those  which  have  only  a small  proportion  of  sulphur  approximate  to 
bismuth  telluride,  Bi2Te3,  having  50  to  59  per  cent.  Bi ; 46  to  49  per  cent.  Te ; 
and  up  to  about  05  per  cent,  each  of  Se  and  & — analyzed  by  F.  A.  Genth,  D.  M.  Balch, 
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W.  F.  Hillebrand,  L.  Sipocz,  and  A.  Wehrle,  include  wehrlite,  pilsenite,  and 
tellurbismuth. 

J.  J.  Berzelius  observed  that  when  fused,  tellurium  and  bismuth  are  miscible  in 
all  proportions.  A.  Gutbier,  and  K.  Monkemeyer  formed  all  the  alloys  by  fusing  a 
mixture  of  the  two  elements  in  an  atm.  of  hydrogen. 

K.  Monkemeyer  found  that  the  f.p.  curve,  Fig.  34, 
shows  the  existence  of  only  one  compound,  Bi2Te3, 
which  appears  as  a maximum  at  573°  ; there  is  a 
eutectic  at  261°  with  99-08  per  cent.  Bi,  and  one  at 
388°,  with  13-91  per  cent.  Bi.  E.  Kordes,  and 
C.  H.  Green  studied  the  Bi-Te  eutectic.  According 
to  F.  Korber  and  Y.  Haschimoto,  thermal  and 
X-ray  analysis  show  that  no  compound  other  than 
Bi2Te3  is  formed  in  the  binary  system  Bi-Te ; 
though  there  is  evidence  of  the  solubility  of  tellurium 
in  this  compound.  C.  A.  Tibbals,  and  A.  Brukl  Fl<3,  34^f_Bi^Te^&lo°1"t  Curve 
prepared  a hydrated  bismuth  telluride,  Bi2Te3,  by 

treating  a soln.  of  bismuth  acetate  with  sodium  telluride.  This  telluride  is  un- 
affected by  hydrochloric  acid  or  sulphuric  acid  in  the  cold,  but  it  is  decomposed  by 
both  when  heated  in  the  presence  of  the  air.  Nitric  acid  readily  oxidizes  it.  When 
heated  in  hydrogen,  the  water  is  first  expelled,  then  the  telluride  fuses  and  loses 
both  tellurium  and  bismuth. 

In  his  study  of  the  tetradymites,  M.  Amadori  investigated  the  f.p.  of  the  binary 
system  : Bi2Te3  and  Bi2S3.  He  observed  no  evidence  of  the  formation  of  bismuth 
sulphoditelluride,  2Bi2Te3.Bi2S3,  analogous  to  natural  tetradymite  ; but  there  is  a 
compound,  Bi2S3.Bi2Te3 — bismuth  trisulphotelluride — which  appears  as  a maximum 
at  615°  on  the  f.p.  curve,  Fig.  35.  It  forms  with  bismuth  telluride  a eutectic  at 
570°  containing  3 molar  per  cent.  Bi2S3  ; and  with  bismuth  sulphide,  a eutectic 
approximating  to  the  composition  and  f.p.  of  those  of  Bi2Te3.Bi2S3.  No  isomorphous 
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Fig.  35. — The  Freezing-point  Curve  of 
the  Binary  System  : Bi2Te3-Bi2S». 


Fig.  36.—  Freezing-point  Curve  in  the 
Ternary  System  : Bi2Te3-Bi2S3-Bi. 


mixtures  or  solid  soln.  of  bismuth  sulphide  and  telluride  were  observed,  or  between 
Bi2Te3.Bi2S3  and  its  components.  M.  Amadori  also  studied  the  ternary  system  : 
Bi-S-Te  comprising  the  composition  of  the  natural  sulphotellurides,  that  is, 
Bi-Bi2Te3-Bi2S3  ; but  no  phenomena  were  observed  which  could  be  attributed  to 
the  formation  of  tetradymite,  griinlingite,  or  joseite.  The  single  components 
Bi,Bi2S3,  and  Bi2Te3,  and  the  compound  Bi2Te3.Bi2S3,  separate  from  the  fused 
mixtures  either  in  the  pure  state,  or  in  simple  eutectic  mixtures  ; there  is  no  forma- 
tion of  new  compounds,  and  no  miscibility  relationships  between  these  substances. 

According  to  A.  Gutbier,  the  alloys  with  tellurium  in  excess  are  grey  and  brittle 
and  show  a silvery  lustre  when  fractured  ; and  with  bismuth  in  excess,  the  alloys 
have  a high  metallic  lustre  and  are  not  so  brittle.  Tetradymite  occurs  in  foliated 
and  granular  masses  of  a steel-grey  colour  and  metallic  lustre  ; it  also  occurs  in 
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small,  rarely  distinct,  trigonal  crystals  with  the  axial  ratio,  according  to 
W.  Haidinger,  a : c=l  : 1-5871.  Twinning  occurs  about  the  (0112)-plane  ; and 
there  are  also  fourlings.  The  acute  trigonal  crystals  resemble  hexagonal  prisms  ; 
and  the  trigonal  faces  may  be  horizontally  striated.  The  basal  cleavage  is  perfect. 
The  cleavage  plates  are  flexible.  W.  M.  Davy  and  C.  M.  Fariiham,  and  M.  N.  Short 
and  E.  P.  Henderson  studied  the  etching  of  polished  surfaces  of  tetradymite.  The 

sp.  gr.  of  the  tetradymites  range  from  7-10  to 
7-58  ; griinlingite,  7-32  ; oruetite,  7-64  to  7-94  ; and 
joseite,  7-92  to  7-94.  The  hardness  is  nearly  2. 
K.  Monkemeyer  gave  573°  for  the  m.p.  of  the 
artificial  telluride  ; and  L.  H.  Borgstrom,  593°-602° 
for  the  m.p.  of  natural  tetradymite.  E.  Jannettaz 
studied  the  thermal  conductivity.  J.  Joly  found 
that  when  the  mineral  is  heated,  a sublimate  of 
telluriun^monoxide  occurs  between  460°  and  480°  ; 
and  of  the  dioxide  at  750°.  A.  de  Gramont  examined 
the  spark  spectrum.  W.  W.  Coblentz  found  that  bismuth  telluride  is  not  photo- 
chemically  sensitive.  F.  Beijerinck,  and  R.  G.  Harvey  observed  that  the  mineral  is 
anelectrical  conductor;  and  W.  Haken’s  measurements  of  the  electrical  conduc- 
tivity of  Bi-Te  alloys  are  summarized  in  Fig.  37.  The  effect  of  the  formation  of 
the  telluride  is  clearly  shown.  A.  Schrauf  and  E.  S.  Dana  found  that  tetradymite 
in  contact  with  copper  is  thermoelectrically  positive  ; but  griinlingite,  and  bismuth 
tellurium  from  Georgia  is  negative.  W.  Haken’s  observations  on  the  thermoelectric 
power  of  alloys  of  bismuth  and  tellurium  are  summarized  in  Fig.  38.  E.  Becquerei 


Fig.  37. — Electrical  Conduc- 
tivity of  the  Bi-Te  Alloys. 


Fig.  38. — Thermoelectric  Fig.  39. — Hall's  Constant  Fig.  40. — Magnetic  Suscep 

Power  of  Bi-Te  Alloys.  with  Bi-Te  Alloys.  tibility  of  Bi-Te  Alloys. 


made  observations  on  this  subject.  The  presence  of  the  telluride  is  clearly  marked. 
E.  T.  Wherry  said  that  tetradymite  is  a poor  radio-detector.  G.  C.  Trabacchi’s 
observations,  Fig.  39,  and  H.  Endo's,  and  K.  Honda  and  T.  Sone’s  observations, 
Fig.  40,  on  the  diamagnetic  susceptibility,  also  show  sharp  singularities  correspond- 
ing with  the  telluride.  C.  E.  Mendenhall  and  W.  F.  Lent  also  made  some  obser- 
vations on  this  subject. 

A.  de  Castillo  21  reported  a pale  steel-grey  or  lead-grey  mineral  occurring  in 
granular  masses  near  the  Sierra  de  Tapalpa,  Mexico  ; and  it  was  called  tapalpite. 
Analyses  were  given  by  C.  F.  Rammelsberg,  and  F.  A.  Genth  ; they  are  not  very 
concordant ; but  the  results  agree  best  with  the-  assumption  that  the  mineral  is  a 
silver  sulphotellurobismuthite,  Ag3Bi(S,Te)3.  The  etching  of  the  polished  mineral 
was  studied  by  W.  M.  Davy  and  C.  M.  Farnham.  The  mineral  has  a sp.  gr.  7-803  ; 
C.  F.  de  Landero  gave  7-395.  R.  G.  Harvey  measured  the  electrical  resistance. 
E.  Cumenge  described  a fibrous  mineral  from  the  Sierra  Blanca,  Colorado,  and  it 
was  named  vondiestite — after  M.  von  Diest.  The  analysis  corresponds  with  silver 
gold  tellurobismuthite,  (Ag,Au)5BiTe4,  of  the  same  type  as  stephanite,  Ag5SbS4. 

I.  Oftedal22  found  that  the  X-radiogram  of  chromium  telluride,  CrTe, corresponds 
with  a lattice  of  the  NiAs-type  with  a=2-981A.,  c— 6-211A.,  and  a : c= 1 : 1-560. 
According  to  C.  A.  Tibbals,  when  sodium  telluride  reacts  with  ammonium  molvb- 
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date  or  sodium  tungstate,  dark,  strongly  coloured  soln.  are  formed  which  are  quite 
stable  in  the  air.  With  these  soln.  hydrochloric  acid  yields  black  flocculent 
precipitates  which  contain  tellurium  and  either  molybdenum  or  tungsten,  as  the 
case  may  be.  This  is  taken  to  mean  that  a telluromolybdate,  or  a tellurotungstate 
is  formed.  C.  H.  Weber  recommended  a trace  of  tellurium  in  tungsten  incandescent 
filaments  to  make  them  stronger  and  more  flexible.  V.  M.  Goldschmidt  discussed 
the  structure  of  the  crystals  of  molybdenutn  ditelluride,  MoTe2,  and  of 
tungsten  ditelluride,  WTe2. 

C.  A.  Tibbals  said  that  manganese  telluride  is  formed  when  sodium  telluride 
acts  on  manganese  acetate  in  the  presence  of  acetic  acid.  The  light  brown  precipitate 
which  is  first  formed  rapidly  changes  to  a dark  green.  If  the  acetic  acid  be  in  excess 
or  if  the  soln.  be  hot,  the  telluride  is  decomposed  with  the  formation  of  hydrogen 
telluride  which,  itself  decomposes  and  deposits  tellurium  upon  the  walls  of  the 
vessel  above  the  soln.  The  dark  green  precipitate  is  immediately  blackened  by 
exposure  to  air,  and  dil.  acids  decompose  it  very  readily  with  liberation  of  hydrogen 
telluride.  A.  Brukl  also  prepared  this  compound.  I.  Oftedal  prepared  manganese 
monotelluride,  MnTe,  and  obtained  crystals  with  an  X-radiogram  corresponding 
with  the  NiAs-lattice  having  a=4-124  A.,  c=6’98  A.,  and  a : c=l-624  ; manganese 
ditelluride,  MnTe2,  was  also  obtained  with  crystals  having  a lattice  of  the  pyrites 
type  with  a— 6-943  A.  V.  M.  Goldschmidt  discussed  the  structure  of  the 
crystals. 

J.  J.  Berzelius  prepared  ferrous  telluride,  presumably  FeTe,  by  reducing  ferrous 
tellurite  with  hydrogen ; and  J.  Margottet,  and  C.  Fabre  prepared  ferrous 
telluride  by  the  direct  union  of  the  elements  in  an  atm.  of  an  inert  gas.  L.  Moser 
and  K.  Ertl  made  ferrous  telluride,  as  a grey,  metallic  mass,  by  passing  the  vapour 
of  tellurium,  under  reduced  press.,  ovej  finely-divided  iron.  It  is  stable  in  air. 
According  to  G.  Tammann  and  K.  Schaarwachter,  the  two  elements  begin  to  react 
at  435°.  I.  Oftedal  found  the  composition  is  not  exactly  FeTe,  and  that  the  X-radio- 
grams  correspond  with  hexagonal  cells  with  a=3-800  A.,  and  c— 5-651  A.  A.  Brukl 
said  that  ferrous  telluride  is  very  sensitive  to  light,  and  is  decomposed  into  its 
elements.  Dil.  acids  furnish  hydrogen  telluride.  J.  Margottet,  and  C.  Fabre 
found  that  ferrous  telluride  dissolves  in  hydrochloric  acid  with  the  evolution  of 
hydrogen  telluride.  C.  Fabre  gave  15-58  Cals,  for  the  heat  of  formation  of  the 
crystalline  telluride.  With  respect  to  ferric  telluride,  C.  A Tibbals  found  that 
when  sodium  telluride  acts  upon  a soln.  of  ferric  chloride  acidified  with  acetic  acid, 
a black  precipitate  is  formed  which  is  composed  entirely  of  tellurium.  The  iron 
is  reduced  to  the  ferrous  condition  and  the  soln.  contains  a large  amount  of  tellurium 
as  the  tetrachloride.  This  is  in  accord  with  the  fact  established  by  V.  Lenher  that 
tellurium  is  Soluble  in  a soln.  of  ferric  chloride  forming  ferrous  chloride  and 
tellurium  tetrachloride.  A.  Brukl  also  obtained  with  ferric  salts  and  hydrogen 
telluride  a precipitate  of  tellurium  and  ferrous  telluride. 

J.  Margottet,  and  C.  Fabre  prepared  cobalt  telluride,  CoTe,  by  the  direct  union 
of  the  elements  in  an  inert  atm. — say  nitrogen.  W.  F.  de  Jong  and  H.  W.  V.  Willems 
found  that  the  X-radiogram  of  cobalt  telluride  agrees  with  a hexagonal  lattice 
having  a= 3-89  A.,  and  c=5-36  A.  ; and  sp.  gr.  8-85  ; I.  Oftedal  gave.  a=3-886  A., 
c=5-360  A.,  and  a : c=l  : 1-380.  J.  Margottet,  and  C.  Fabre  describe  cobalt 
telluride  as  a grey,  crystalline  mass  of  a metallic  lustre  ; it  is  not  attacked  by 
hydrochloric  or  sulphuric  acid  ; it  changes  slowly  in  moist  air  ; it  is  oxidized  by 
bromine  or  bromine  water  forming  cobaltous  bromide,  hydrobromic  acid,  and 
tellurous  acid.  The  heat  of  formation  is  15-30  Cals.  C.  A.  Tibbals  observed  that 
when  sodium  telluride  soln.  acts  upon  soln.  of  cobalt  acetate  acidulated  with  acetic 
acid,  a heavy  black  precipitate  is  formed  which  upon  analysis  shows  the  composition 
of  tetrahydrated  cobalt  hemitritelluride,  Co2Te8,  4H20,  corresponding  with  the 
sodium  telluride,  Na4Te3.  Acids  other  than  nitric  have  no  action  upon  it  in  the 
cold.  When  heated  in  an  atm.  of  hydrogen,  Co2Te3.4H20,  loses  water  at  about 
20°°,  and  at  a red-heat,  tellurium.  If  the  heating  is  continued  until  the  weight  of 
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substance  is  constant,  the  residue  consists  of  the  normal  telluride,  CoTe.  A.  Brukl 
also  prepared  this  compound. 

J.  Margottet,  and  C.  Fabre  prepared  nickel  monotelluride,  NiTe,  by  heating 
nickel  in  the  vapour  of  tellurium  ; they  found  it  to  consist  of  small  reddish  crystals 
with  properties  like  those  of  the  corresponding  cobalt  telluride.  W.  F.  de  Jong  and 
H.  W.  V.  Willems  found  that  the  X-radiogram  agrees  with  a hexagonal  lattice 
having  a=3-95  A.,  and  c=5-36  A.  ; and  sp.  gr.  8-55.  I.  Oftedal  ga ve  a—3'957  A., 
cr=5‘354A.,  and  a:c=l:l*353.  C.  Fabre  gave  for  the  heat  of  formation 
15-10  Cals.  ; and  W.  A.  Tildcn  found  the  mol.  ht.  to  be— 

100°  200°  300°  400°  500°  600°  700° 

Mol.  ht.  . . 8-38  11-35  12-4 1 12-92  13-15  13-28  13-35 

According  to  C.  A.  Tibbals,  sodium  telluride  precipitates  the  tetrahydrate, 
Ni2Te3.4H20,  from  acetic  acid  soln.  of  nickel  acetate  ; it  is  not  acted  on  by  cold 
hydrochloric  or  sulphuric  acid,  but  is  readily  oxidized  by  nitric  acid  ; when  heated 
in  hydrogen  it  loses  water  and  tellurium  forming  the  monotelluride.  A.  Brukl 
also  prepared  this  compound. 

F.  A.  Genth  23  described  a mineral  from  Melones  Mine,  Calaveras  Co.,  California, 
and  it  was  called  melonite.  W.  F.  Hillebrand  found  that  it  also  occurs  in  Boulder 
Co.,  Colorado  ; and  A.  Dieseldorff,  at  Worturpa,  South  Australia.  Analyses, 
reported  by  F.  A.  Genth,  and  C.  F.  Rammelsberg,  agreed  with  the  formula  for 
nickel  hemitritelluride,  Ni2Te3 ; and  those  by  W.  F.  Hillebrand,  and  A.  Dieseldorff, 
with  nickel  ditelluride,  NiTe2.  A.  Dieseldorff  gave  7 270  to  7 403  for  the  sp.  gr. ; 
and  1-0  to  1-5  for  the  hardness.  The  mineral  is  reddish -white,  and  generally  occurs 
in  indistinct  granular  and  foliated  particles.  F.  A.  Genth  thought  that  it  is 
hexagonal  with  a marked  basal  cleavage.  W.  M.  Davy  and  C.  M.  Farnham  studied 
the  etching  of  polished  surfaces. 

N.  W.  Fischer  24  found  that  elementary  tellurium  acts  as  a reducing  agent 
towards  soln.  of  platinum  salts  ; . and  F.  Rossler,  that  eq.  proportions  of  platinum 
and  tellurium  unite  explosively  at  elevated  temp,  forming  platinum  ditelluride, 
PtTe2  ; and  when  the  ditelluride  is  fused,  platinum  monotelluride,  PtTe,  crystallizes 
out.  A.  Brukl  also  obtained  the  ditelluride  by  the  action  of  sodium  telluride  on 
platinum  tetrachloride.  According  to  C.  A.  Tibbals,  a soln.  of  sodium  telluride, 
acting  upon  a soln.  containing  platinum  tetrachloride  in  excess,  produces  a heavy 
black  precipitate,  which  is  composed  entirely  of  platinum.  The  tellurium  is  found 
in  the  soln.  The  reaction  may  be  expressed  by  the  equation,  2Na2Te-t-3PtCl4 
— 4NaCl+2TeCl4+ 3Pt.  L.  Thomassen  observed  that  platinum  ditelluride  has 
crystals  of  the  cadmium  iodide  type  with  a space-lattice  having  a=-4-010A.,  and 
c— 5-118  A.  V.  M.  Goldschmidt  discussed  the  structure  of  the  crystals. 
N.  W.  Fischer  found  that  tellurium  acts  as  a reducing  agent  toward  palladium 
soln.  in  a manner  analogous  to  its  action  upon  silver,  gold  and  platinum  soln. 
Sodium  telluride  precipitates  from  sodium  palladous  chloride  soln.  a very  finely- 
divided  black  precipitate  of  palladous  telluride.  This  substance  is  not  acted  upon 
by  hydrochloric  or  sulphuric  acids  in  the  cold,  but  is  oxidized  by  nitric  acid  and 
very  readily  dissolved  by  aqua  regia.  A.  Brukl  said  that  platinum  ditelluride  is 
soluble  in  soln.  of  sodium  and  ammonium  tellurides,  and  sparingly  soluble  in  soln.  of 
ammonium  and  sodium  sulphides;  it  is  stable  towards  hydrochloric  acid;  nitric 
acid  dissolves  all  the  tellurium  and  a part  of  the  platinum.  It  decomposes  easily 
into  its  elements.  A.  Brul  1 obtained  palladium  telluride,  PdTe,  by  the  action  of 
sodium  telluride  on  a soln.  of  palladous  chloride,  hydrogen  telluride  reduces  the  salt 
to  metal.  The  black  telluride  is  not  attacked  by  dil.  acids,  but  nitric  acid  oxidizes 
it  readily.  L.  Thomassen  found  that  the  crystals  of  the  monotelluride  are  of  the 
nickel  arsenide  type  with  a space-lattice  having  «=4-127  A.,  and  c=5-663  A.  He  also 
prepared  palladium  ditelluride,  PdTe2,  in  crystals  of  the  cadmium  iodide  type  having 
a space-la'ttice  with  a=4-028A.,  and  c=5-118A.  The  crystals  of  ruthenium 
ditelluride,  RuTe2,  arc  of  the  pyrites  type  having  a space-lattice  with  a— 6-360  A., 
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whilst  a product  of  the  composition  of  ruthenium  monotelluride,  RuTe,  was  found 
to  be  a mixture  of  the  ditelluride  and  the  metal.  Similarly,  osmium  ditelluride, 
OsTe2,  which  has  crystals  of  the  pyrite  type,  having  the  lattice  parameter 
a=6-369  A. ; and  a product  with  the  composition  of  osmium  monotelluride,  OsTe, 
is  really  a mixture  of  the  ditelluride  and  metal.  None  of  the  compounds  showed 
any  evidence  of  ferromagnetism.  V.  M.  Goldschmidt  discussed  the  structure  of 
these  ditellurides. 
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§ 8.  Tellurium  Monoxide  and  Dioxide 

J.  J.  Berzelius  1 attempted  to  prepare  tellurium  monoxide,  TeO,  by  heating 
a mixture  of  tellurium  and  tellurium  dioxide,  and  by  the  action  of  dry  sodium 
carbonate  on  tellurium  dichloride,  but  without  success.  E.  Divers  and  M.  Shimose 
said  that  it  is  produced  when  tellurium  sulphotrioxide  is  heated  between  180°  and 
230°  in  vacuo  : TeS03=Te0+S02,  and  the  product  washed  with  a dil.  soln.  of 
sodium  carbonate  to  separate  the  unchanged  sulphotrioxide.  W.  Prandtl  and 
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P.  Borinsky,  and  J.  J.  Doolan  and  J.  R.  Partington  prepared  the  monoxide  in  a 
similar  way.  A little  monoxide  was  also  found  by  E.  Divers  and  M.  Shimose  to  be 
produced  when  tellurium  sulphotrioxide  is  decomposed  with  a small  proportion  of 
water  ; and  by  pouring  a red  soln.  of  tellurium  in  sulphuric  acid  into  a large 
proportion  of  water.  Tellurium  monoxide  is  described  as  a brown,  porous, 
friable  mass,  which  is  black  tinged  with  brown,  and  when  rubbed  with  a burnisher 
acquires  a graphitic  lustre.  It  is  stable  in  dry  air,  but  decomposes  when  heated  in 
vacuo  into  tellurium  and  tellurium  dioxide.  It  is  oxidized  to  the  dioxide  in  moist 
air,  but  water  has  no  action.  Cold  ail.  acids  decompose  it  slowly  ; with  hot,  cone, 
hydrochloric  acid,  it  forms  tellurium  and  its  dioxide.  Hydrogen  chloride  is  absorbed 
by  the  monoxide  without  appreciable  change,  but  when  the  product  is  heated,  it 
melts  and  gives  off  tellurium  dichloride.  Sulphur  dioxide  reduces  it  slowly  to 
tellurium  ; it  is  not  altered  by  liquid  sulphur  trioxide — even  when  boiling  ; and  with 
cone,  sulphuric  acid  it  forms  a red  soln.  from  which  tellurium  sulphate  crystallizes  : 
2Te0+3H2S04=Te(S04)2+TeS03+3H20.  The  monoxide  is  quickly  oxidized 
by  nitric  acid,  and  other  oxidizing  agents  in  acidic  soln.,  but  less  easily  by  neutral 
or  alkaline  soln.  Potassium  permanganate  is  reduced  to  manganate.  Cold  potash- 
lye  acts  slowly,  but  the  boiling  lye  decomposes  the  monoxide  with  the  separation  of 
tellurium.  No  compounds  with  the  monoxide — hypotellurites — have  been  prepared, 
and  neither  basic  nor  acidic  properties  could  be  assigned  to  it.  W.  Damiens  said 
that  the  alleged  monoxide  is  a mixture  of  tellurium  and  tellurium  dioxide. 

J.  J.  Berzelius2  prepared  tellurium  dioxide,  Te02,  by  burning  tellurium  in  air  ; 
and  by  the  action  of  nitric  acid  and  hot  sulphuric  acid  on  tellurium.  According  to 
D.  Klein  and  J.  Morel,  pulverulent  tellurium,  obtained  by  precipitation  with 
sulphurous  acid,  dissolves  readily  in  dil.  nitric  acid,  with  the  evolution  of  nitrogen 
oxides.  The  temp,  at  which  soln.  takes  place  is  lower  the  higher  the  cone,  of  the 
acid ; with  acid  of  sp.  gr.  1-25  the  action  begins  at  —10°,  vide  supra,  tellurium.  At  a 
low  temp.  soln.  is  not  complete,  and  a greyish,  curdy  residue  is  left,  which  after- 
wards turns  white,  and  forms  long  flexible  microscopic  needles  containing  both  nitric 
and  telluric  acids. 

J.  J.  Berzelius  observed  that  hydrated  tellurium  dioxide  or  tellurous  acid  is 
precipitated  if  a soln.  of  tellurium  in  cold,  dil.  nitric  acid  is  poured  into  cold  water. 
A.  Gutbier  added  that  the  nitric  acid  soln.  should  first  be  neutralized  with  ammonium 
carbonate  before  the  dilution,  and  the  white  flocculent  precipitate  washed  with  hot 
water  until  freed  from  ammonia.  D.  Klein  and  J.  Morel  observed  that  when  the 
soln.  of  tellurium  in  nitric  acid  is  diluted  with  water,  it  deposits  hydrated  tellurium 
dioxide  or  tellurium  dioxide,  a certain  quantity  of  a basic  tellurium  nitrate  always 
remaining  in  soln.  Hydrated  tellurium  dioxide  contaminated  with  half  a per  cent,  of 
nitric  acid  is  formed  when  the  nitric  acid  is  dil.,  say  of  sp.  gr.  1-1— 1*2,  and  the  action 
takes  place  at  a low  temp.  It  is  a white,  curdy  substance  which  gradually  changes 
to  a yellowish-white  mass  of  microscopic  rectangular  lamellae  of  tellurium  dioxide. 
When  the  reaction  takes  place  at  a higher  temp.,  or  if  nitric  acid  is  used,  tellurium 
dioxide  is  formed  in  microscopic  quadratic  octahedra.  The  nitric  acid  soln. 
spontaneously  deposits  Octahedral  crystals  of  tellurium  dioxide,  and  if  the  nitric 
acid  employed  is  somewhat  dil.,  say  of  sp.  gr.  D2,  and  the  temp,  has  not  risen  above 
30°  during  the  reaction,  the  precipitation  of  tellurium  dioxide  is  accelerated  by  heat. 
Under  these  conditions,  about  half  the  tellurium  dioxide  remains  in  soln.  in  the 
form  of  nitrate,  which  crystallizes  out  when  the  liquid  is  cone,  and  cooled. 

J.  J.  Berzelius  found  that  if  a soln.  of  tellurium  in  warm  cone,  nitric  acid  be 
allowed  to  stand  for  some  time  it  deposits  tellurium  dioxide  contaminated  with 
about  half  a per  cent,  of  nitric  acid  which  is  expelled  with  feeble  decrepitation  when 
gently  heated.  J.  J.  Berzelius,  H.  L.  Wills,  C.  Jena,  and  D.  Klein  and  J.  Morel 
obtained  the  dioxide  by  evaporating  a soln.  of  tellurium  in  nitric  acid  to  dryness,  and 
heating  the  residue  to  dull  redness  ; H.  Rose  said  that  a temp,  of  200°  is  sufficient ; 
and  B.  Brauner,  400°.  A.  Gutbier  said  that  the  nitric  acid  is  all  expelled  only  at 
a temp,  at  which  some  tellurium  dioxide  is  volatilized.  A.  Oppenheim  obtained 
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crystals  of  the  dioxide  by  adding  alcohol  to  the  nitric  acid  soln.  of  tellurium. 
N.  W.  Fischer  heated  a soln.  of  tellurium  in  cone,  sulphuric  acid  until  it  was 
decolorized,  and  obtained  on  cooling  what  he  regarded  as  an  easily  soluble  sulphate  ; 
and  J.  J.  Berzelius,  B.  Brauner,  and  D.  Klein  and  J.  Morel  obtained  a basic  sulphate 
from  a soln.  of  tellurium  in  hot,  cone,  sulphuric  acid  ; with  20  per  cent,  sulphuric 
acid,  tellurium  dioxide  is  formed.  D.  Klein  and  J.  Morel  observed  that  both  the 
basic  sulphate  and  the  basic  nitrate  are  decomposed  into  tellurium  dioxide  and  acid 
when  washed  with  hot  water.  J.  J.  Berzelius,  and  A.  Oppenheim  also  obtained  the 
dioxide  by  pouring  a boiling  soln.  of  tellurium  tetrachloride  into  hot  water. 
J.  J.  Berzelius,  and  L.  Staudenmaier  obtained  the  dioxide  by  heating  telluric  acid. 

Tellurium  dioxide  has  been  analyzed  by  J.  J.  Berzelius,  H.  L.  Wills, 
B.  Brauner,  L.  Staudenmaier,  A.  Gutbier,  and  others  indicated  in  connection  with 
the  at.  wt.  of  tellurium.  The  results  agree  with  the  empirical  formula  Te02. 
H.  Remy  discussed  the  structure  of  tellurous  acid,  H2Te03.  A.  Brezina  said  that  it 
is  probable  that  an  earth  described  by  J.  Esmark  in  1798  was  native  tellurium 
dioxide  ; W.  Petz  also  described,  a yellowish-white  earth  from  Faczebaja  which 
behaved  like  tellurium  dioxide.  The  mineral  was  called  tellurite  by  J.  Nicol,  and 
tellurium  ochre  by  C.  F.  Rammelsberg.  The  mineral  at  Zalathna,  and 
Faczebaja,  Transylvania,  was  described  by  V.  von  Zepharovich,  J.  Esmark,  and 
J.  A.  Krenner  ; and  the  occurrence  in  Colorado,  and  South  Dakota,  by  F.  A.  Genth, 
F.  C.  Knight,  and  R.  Pearce.  W.  P.  Headden  described  an  occurrence  of  tellurium 
dioxide  as  a white  coating  on  the  native  tellurium  of  the  Goodhope  Mine,  Colorado, 
and  also  as  brownish-yellow,  granular  masses  of  small  crystals — thought  to  be 
tetragonal.  The  mineral  contained  78-68  per  cent,  of  tellurium  ; a trace  of  bismuth 
oxide  ; 0-79  per  cent,  of  ferric  oxide  ; and  1-04  per  cent,  insoluble  matter. 

The  hydrated  forms  of  tellurium  dioxide,  indicated  above,  are  supposed  to  be 
tellurous  acid,  H2Te03.  J.  J.  Berzelius  prepared  the  acid  by  fusing  tellurium 
dioxide  with  an  equal  weight  of  potassium  carbonate,  dissolving  the  resulting 
potassium  tellurite  in  cold  water,  adding  a scarcely  perceptible  excess  of  nitric  acid ; 
allowing  the  mixture  to  stand  for  some  time  with  frequent  stirring  ; washing  the 
product  with  ice-cold  water;  and  drying  the  acid  in  air  at  12°.  A solution 
of  tellurium  dioxide  in  potash-lye  can  be  treated  in  a similar  way.  The  preparation 
of  the  acid  was  also  described  by  R.  Schumann.  G.  0.  Oberhelman  and 
P.  E.  Browning  described  the  preparation  of  the  acid  from  the  residues  obtained  in 
• the  electrolytic  refining  of  copper. 

Tellurium  dioxide  forms  small,  colourless,  octahedral  crystals  ; that  prepared 
in  the  wet-way  dries  milk-white  ; and  that  obtained  by  slowly  cooling  the  molten 
dioxide,  or  by  pouring  the  liquid  from  the  partly  solidified  portion  furnishes  needle- 
like crystals  which,  according  to  D.  Klein  and  J.  Morel,  are  probably  rhombic  ; or, 
according  to  K.  Vrba,  possibly  monoclinic.  A.  Brezina,  and  D.  Klein  and  J.  Morel 
gave  for  the  axial  ratios  of  the  rhombic  bipyramidal  crystals  a :b : c 
=0-4566  : 1 : 0-4693.  The  crystals  obtained  from  the  nitric  acid  soln.  are, 
according  to  D.  Klein  and  J.  Morel,  tetragonal,  and  have  the  axial  ratio 
a : c=l  : 1-1076  ; and  they  appear  like  octahedral,  doubly  refracting  crystals.  The 
crystals  were  also  described  by  V.  M.  Goldschmidt.  The  X-radiogram  shows  that 
the  space-lattice  is  of  the  rutile  type  with  a=4-79  A.,  and  c= 3-77  A.,  so  that  a : c 
=1  : 0-788.  L.  Pauling  discussed  the  lattice-structure.  A.  Weller  showed  that 
the  dioxide  is  an  example  of  a colourless  solid  giving  a coloured  vapour  and  liquid. 
The  hydrated  oxide,  or  tellurous  acid,  appears  like  an  earthy  powder.  D.  Klein 
gave  for  the  specific  gravity  of  tetragonal  tellurium  oxide  5-67  at  15°  to  19°  ; 
5-68  for  that  obtained  by  heating  the  nitrate  below  350° ; and  K.  Vrba,  5-90  for  the 
tetragonal  crystals.  For  the  rhombic  form  prepared  from  the  fused  dioxide,  D.  Klein 
gave  5-91  at  0°,  and  5-88  at  12°  ; A.  Schafarik,  5-93  at  20°  ; and  F.  W.  Clarke,  5-75 
at  12-5°,  and  5-784  at  14°.  J.  J.  Berzelius,  and  H.  Rose  found  that  when  the 
dioxide  is  heated  it  becomes  pale-yellow,  and  the  colour  darkens  as  the  temp,  rises. 
It  begins  to  fuse  at  a dull  red-heat  forming  a dark  yellow,  transparent  liquid  which 
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on  exposure  to  air  volatilizes  with  a slight  fuming.  As  the  mass  cools  it  solidifies 
and  evolves  enough  heat  to  raise  the  temp,  to  dull  redness.  The  white,  crystalline 
mass  is  translucent  when  slowly  cooled  ; it  readily  separates  to  a crystalline  mass 
which  is  very  easily  broken  into  crystalline  fragments.  Single  drops  solidify  to 
a transparent  glass.  It  volatilizes  and  sublimes  at  a higher  temp,  than  that  at 
which  the  metal  sublimes ; and  it  can  be  melted  in  a crucible  without  much  loss. 
B.  Brauner  said  that  a perceptible  volatilization  occurs  at  400°  or  500°. 
J.  J.  Berzelius  found  that  at  40°,  or  even  at  a lower  temp.,  the  hydrated  dioxide  is 
resolved  into  the  anhydrous  dioxide ; hence,  a turbid  mixture  of  the  hydrated 
dioxide  and  water,  becomes  clear  at  this  temp,  as  the  granules  of  hydrated  dioxide 
pass  into  crystals  of  the  anhydrous  dioxide.  W.  G.  Mixter  gave  for  the  heat  of 
formation  (Te,02)=87-1  Cals.  R.  Schumann  gave  — 64320  to  77700  cals,  for  the 
free  energy  of  tellurium  dioxide  at  25°.  J.  Papish  observed  that  the  vapour  of 
tellurium  introduced  into  a bunsen  flame  colours  the  flame  blue  tinged  with  green 
in  its  uppermost  part,  and  a bright,  metallic  mirror  is  deposited  on  a cold  surface 
held  in  the  hottest  part  of  the  flame.  The  reduction  of  the  oxides  in  the  flame  is 
supposed  to  be  the  cause  of  the  characteristic  luminescence.  E.  Blanc  gave  for  the 
two  ionization  constants  of  tellurous  acid,  A’1=2xl0-3,  and  K2=\  x 10_?. 

R.  A.  Schuhmann  gave  for  the  e.m.f.  of  cells  of  the  type  Te  | Te02,  HC104  | H2 
-0-5286  volt  at  25°  and  —0-5213  volt  at  45°.  J.  J.  Kasarnowsky  found  the  cone,  of 
tellurous  ions  in  soln.  containing  increasing  proportions  of  hydrochloric  acid  increases 
as  the  fourth  power  of  the  H’-ions,  showing  that  tellurous  acid  acts  as  a weak  base, 
A=[Te‘"'][0H']4/[H2Te03] ; or  K=l-5xl0-48.  According  to  A.  Simek  and 
H.  Kadlocva,  drops  of  fused  tellurium  dioxide  on  a platinum  surface  heated  by  a 
direct  current  at  800°  to  950°  move  from  the  negative  to  the  positive  pole.  The 
movement  is  accompanied  by  a deformation  of  the  drops,  the  curvature  of  the 
side  facing  the  negative  pole  being  less  than  that  of  the  other  side.  Under  given 
conditions,  the  velocity  increases  as  the  drops  become  larger,  but  does  so  less 
rapidly  than  the  weight  of  the  drops.  The  velocity  of  movement  and  the  force 
by  which  the  drops  are  driven  are  both  roughly  proportional  to  the  current  intensity 
up  to  a certain  limit.  If  tellurium  dioxide  is  added  to  drops  of  fused  sodium 
sulphate,  chloride,  tungstate,  or  pyrophosphate,  the  previously  flattened  drops 
become  much  more  spherical  and,  under  the  influence  of  a direct  current,  move  more 
rapidly  than  pure  tellurium  dioxide,  a velocity  of  16  cms.  per  sec.  being  sometimes 
attained.  The  direction  of  motion  depends  on  the  cone,  of  tellurium  dioxide 
and  may  be  reversed  as  the  latter  gradually  evaporates.  The  phenomenon  is 
due  to  changes  of  interfacial  tension . caused  *by  potential  differences.  As  pre- 
viously indicated,  the  electrolysis  of  acidic  soln.  of  tellurium  dioxide  was  found  by 
J.  C.  Poggendorff,  L.  Schucht>  C.  Whitehead,  E.  Muller,  etc.,  to  result  in  the 
deposition  of  black  tellurium.  S.  Meyer  gave  — 0-1  lx  10-8  mass  unit  for  the 
magnetic  susceptibility  of  tellurium  dioxide,  and  — 0-19xl0— 8 mass  unit  for 
tellurous  acid,  and  S.  S.  Bhatnagar  and  C.  L.  Dhawan,  — 33-72  xlO- 6 for 
tellurous  acid,  and  the  subject  was  discussed  by  S.  S.  Bhatnagar  and 

S.  L.  Lather. 

L.  Staudenmaier  found  that  when  tellurium  dioxide  is  heated  in  a current  of 
hydrogen,  it  is  slowly  reduced  to  tellurium,  and  J.  J.  Berzelius  observed  that  the 
alkali  tellurites  form  the  tellurides.  F.  C.  Mathers  and  G.  M.  Bradbury,  and 
V.  Lenher  and  E.  Wolesensky  found  that  the  tellurites  are  oxidized  to  tellurates 
when  heated  in  air.  D.  Klein  and  J.  Morel  said  that  tellurium  dioxide  is  sparingly 
soluble  in  water,  and  the  aq.  soln.  contains  one  part  of  the  dioxide  in  150,000  parts 
of  water.  H.  Rose  said  that  the  aq.  soln.  does  not  redden  blue  litmus  paper  ; but 
1 J.  J.  Berzelius  said  that  the  dioxide  reddens  litmus  after  standing  some  time  in 
contact  with  the  moistened  test-paper.  The  hydrate — tellurous  acid — dissolves 
fairly  easily  in  water  forming  a soln.  which  reddens  litmus.  If  heated  above  40°, 
the  aq.  soln.  becomes  turbid,  and  no  longer  reddens  litmus  owing  to  the  deposi- 
tion of  fine  grains  of  the  anhydrous  dioxide.  When  the-  aq.  solution  is 
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evaporated  at  ordinary  temp.,  it  deposits  the  anhydrous  dioxide  mixed  with  a 
small  proportion  of  the  hydrate.  J.  J.  Berzelius  said  that  the  aq.  soln.  of  the 
anhydrous  dioxide  is  tasteless,  and  that  the  aq.  soln.  of  the  hydrate  has  a metallic 
taste.  P.  Kothner  found  that  hydrogen  dioxide  and  sodium  dioxide  oxidize  soln. 
of  tellurites  to  tellurates.  ' 

J.  J.  Berzelius  found  that  aq.  soln.  of  the  tellurites  are  oxidized  by  chlorine, 
bromine,  and  iodine ; and,  added  B.  Brauner,  the  iodine  acts  slowly  at  ordinary 
temp.,  and  the  reaction  is  complete  only  at  100°.  R.  Metzner  obtained  oxyfluorides 
by  the  action  of  hydrofluoric  acid  on  tellurium  dioxide  ; and  E.  B.  R,  Prideaux 
and  J.  O’Neil-  Millott,  by  the  action  of  dry  hydrogen  fluoride  on  the  dioxide. 
J.  J.  Berzelius  found  the  dioxide  to  be  sparingly  soluble  in  most  acids,  but  it  is 
readily  dissolved  by  hydrochloric  acid.  A.  Ditte  found  that  tellurium  dioxide  forms 
additive  compounds  with  the  hydrogen  halides— vide  infra,  oxyhalides.  F.  A.  Gooch 
and  J.  Howland  observed  that  hydriodic  acid  reduces  acidic  soln.  of  tellurium 
dioxide  to  tellurium.  F.  A.  Gooch  and  W.  C.  Morgan  found  the  reaction  H2Te03 
-|-4H2S04-|-4KI=TeI4-f  4KHS04-f-3H20  to  be  quantitative ; and  K.  Someya 
studied  the  electrometric  titration  of  tellurous  acid  under  these  conditions. 
R.  Schuhmann  found  the  solubility  of  tellurium  dioxide  in  0-7370 M-,  0-2924 M-, 
$nd  0-1028.M-soln.  of  perchloric  acid  at  25°  to  be  respectively  5-20,  1-96,  and  0-74 
gram-atoms  X 103  per  1000  grms.  of  water. 

H.  B.  Baker  and  A.  H.  Bennett,  in  their  work  on  the  at.  wt.  of  tellurium,  heated 
a mixture  of  sulphur  and  tellurium  dioxide  in  a current  of  nitrogen  and  obtained 
sulphur  dioxide  and  tellurium.  W.  Marckwald  and  A.  Foizik  showed  that  a small 
proportion  of  the  sulphur  is  also  oxidized  to  sulphur  trioxide.  According  to 
A.  Wehrle,  hydrogen  sulphide  and  also  ammonium  sulphide  produce  a black 
precipitate  of  tellurium  disulphide  with  soln.  of  tellurium  dioxide — the  precipitate 
is  soluble  in  soln.  of  ammonium  sulphide,  hydrogen  sulphide,  or  aq.  ammonia. 
A.  Gutbier  and  F.  Flury  found  that  with  an  aq.  soln.  of  the  chloride  the  precipitate 
produced  in  the  cold  is  deep  orange-red,  and  if  the  soln.  is  hot,  the  precipitate  is  black. 
R.  W.  E.  Maclvor  found  that  with  tellurites,  hydrogen  sulphide  gives  a reddish- 
brown  precipitate  which  rapidly  darkens  in  colour.  An  excess  of  sulphur  mono- 
chloride was  found  by  V.  Lenher  to  react  with  the  dioxide  in  accord  with 
Te02+ 2S2Cl2=TeCl4+S02+3S  ; and  with  an  excess  of  the  dioxide  : Te02-f  S2C12 
— TeCl2-f  2S+02  ; an  excess  of  thionyl  chloride  forms  tellurium  tetrachloride,  and 
the  dichloride  if  the  tellurium  dioxide  is  in  excess.  In  the  cold  sulphuryl  chloride 
does  not  react  with  the  dioxide,  but  when  heated  in  a sealed  tube  various  crystalline 
products  are  formed — e.g.  Te02  : S02C12=3  : 4,  5:9,  1:2,  and  2 : 5 — according 
to  the  composition  of  the  mixture.  The  precipitation  of  tellurium  from  hydrochloric 
acid  soln.  by  sulphur  dioxide  has  been  discussed  in  connection  with  selenium — 
Fig.  2,  10.  58,  2.  E.  Divers  and  M.  Shimose  observed  no  reaction  between  sulphur 
trioxide  and  tellurium  dioxide  ; B.  Brauner  found  that  warm  20  per  cent,  sulphuric 
acid  dissolves  about  0-7  per  cent,  of  tellurium  dioxide  ; 30  per  cent,  acid,  about 
0-85  per  cent.  ; and  50  per  cent,  acid,  4-4  per  cent.  These  soln.  appear  to  be 
supersaturated  because  after  they  have  stood  some  time,  tellurium  dioxide  separates 
from  the  dil.  acid  soln.,  and  tellurium  sulphate  from  the  cone,  acid  soln.  E.  Donath 
found  that  sodium  hyposulphite  precipitates  tellurium  from  acid  soln.  of  tellurium, 
or  from  soln.  of  tellurites.  F.  A.  Gooch  and  J.  Howland  found  that  sodium  thio- 
sulphate is  without  action  on  cold  acid  soln.  of  tellurium  dioxide,  but  with  hot  soln., 
tellurium  is  precipitated. 

J.  J.  Berzelius  said  that  tellurium  dioxide  dissolves  very  slowly  in  aq.  ammonia  ; 
and  H.  Rose  observed  that  aq.  ammonia  precipitates  tellurous  acid  from  soln.  of 
tellurium  salts,  and  the  precipitate  dissolves  in  an  excess  of  the  precipitant  when  the 
liquid  is  warmed.  V.  Lenher  and  E.  Wolesensky  obtained  pentitamminotellurous 
acid,  5H2Te03.NH3,  as  an  intermediate  stage  in  the  decomposition  of  ammonium 
tellurite,  but  it  is  believed  not  to  be  a definite  compound.  According  to  C.  White- 
head,  when  a soln.  of  a tellurite  is  boiled  with  ammonium  chloride,  tellurous  acid  is 
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precipitated  ; while  A.  Gutbier  and  F.  Flury  found  that  when  tellurium  dioxide 
is  heated  with  ammonium  chloride,  the  mixture  becpmes  yellow  and  then  orange, 
and  a white  sublimate  of  Te02.2HCl  is  formed.  The  mixture  on  being  further 
heated,  assumes  a dark  colour  with  the  formation  of  a yellow  sublimate.  Te012.2NH3, 
which  blackens  on  careful  heating.  Tellurium  finally  remains  as  a brittle  mass. 
These  phenomena  do  not  occur  when  ammonium  chloride  is  replaced  by  ammonium 
nitrate,  carbonate,  sulphate,  phosphate,  acetate,  or  molybdate.  J.  J.  Berzelius 
found  that  tellurium  dioxide  is  freely  spluble  in  nitric  acid  ; and  D.  Klein  and 
J.  Morel  observed  that  boiling,  dil.  nitric  acid  dissolves  some  tellurium  dioxide  ; 
whether  or  not  tellurium  dioxide  will  separate  from  the  soln.  depends  on  the  cone, 
of  the  acid — vide  sujpra.  The  dioxide  is  freely  soluble  in  the  hot,  cone.  acid.  P.  Jan- 
nasch  and  M.  Muller,  and  A.  Gutbier  observed  that  acidic  or  alkaline  soln.  of  tellurium 
dioxide  are  reduced  to  tellurium  by  hydrazine  salts  ; whilst  phenyl  hydrazine 
violently  reduces  hydrochloric  acid  soln.  at  ordinary  temp,  with  the  evolution  of 
heat,  and  the  liberation  of  nitrogen.  J.  J.  Berzelius  found  that  tellurium  is  pre- 
cipitated by  phosphorus  from  acid  soln.  of  tellurium  dioxide  ; N.  W.  Fischer  found 
that  tellurium  is  also  precipitated  by  alcoholic  soln.  of  phosphorus  ; H.  Rose,  by 
phosphorous  acid  ; and  A.  Gutbier,  by  hypophosphorous  acid.  H.  Rose  obtained 
a white  precipitate  by  adding  sodium  hydrophosphate.  V.  Lenher  found  that 
phosphorus  trichloride  reduces  tel]urium‘dioxide  to  the  element,  phosphoryl  chloride 
forms  the  complex  TeCl4.POCl3  ; he  also  found  that  arsenic  trichloride  reacts  with 
tellurium  dioxide  forming  tellurium  tetrachloride  and  arsenic  trioxide.  M.  H.  Klap- 
roth observed  that  antimony  reduces  a soln.  of  a tellurous  salt’ to  tellurium. 
J.  J.  Berzelius,  D.  Klein,  B.  Brauner,  and  F.  Becker  found  that  tellurium  dioxide 
replaces  antimonyl  in  potassium  antimonyl  tartrate  forming  potassium  telluryl 
tartrate.  Tellurium  dioxide  reacts  with  antimony  trichloride  forming,  according 
to  V.  Lenher,  tellurium  tetrachloride  and  antimony  trioxide  ; antimony  penta- 
chloride  forms  the  complex-TeCl2.SbCl5. 

J.  J.  Berzelius  said  that  tellurium  dioxide  is  decomposed  by  carbon  at  a com- 
paratively low  temp.,  and  with  a kind  of  detonation  ; and  with  alkali  tellurites  and 
carbon  the  alkali  telluride  is  formed.  J.  J.  Berzelius  observed  that  tellurites  are 
decomposed  by  the  carbon  dioxide  of  the  atm.  H.  Rose  observed  that  tellurium 
dioxide  is  reduced  when  fused  with  potassium  cyanide.  H.  Rose  found  that 
acid  soln.  of  tellurium  dioxide  gave  no  precipitate  with  potassium  ferro-  or 
ferricyanide,  with  oxalic  acid,  or  with  tannin.  F.  Stolba,  and  L.  Kastner  found  that 
soln.  of  tellurites  are  completely  reduced  to  tellurium  by  boiling  with  glucose. 
V.  Lenher  found  that  carbon  tetrachloride  has  no  action  on  tellurium  dioxide. 
A.  Oppenheim  could  not  prepare  alkyl  tellurites.  T.  R.  Glauser  recommended 
tellurium  dioxide  for  combustion  analyses  for  carbon  and  nitrogen  in  dealing  with 
aluminium  nitride,  calcium  cyanamide,  ferrosilicon,  ferrochrome,  hard  steels, 
carborundum,  etc.  The  tellurium  dioxide  melts  to  a heavy,  mobile  liquid  in  which 
these  substances  readily  dissolve. 

J.  J.  Berzelius  found  that  copper  reduces  soln.  of  tellurium  salts  to  the  metal ; 
M.  H.  Klaproth,  and  J.  Lowe  obtained  a similar  result  with  zinc  ; N.  W.  Fischer, 
with  cadmium,  and  mercury  ; M.  H.  Klaproth,  with  tin  ; N.  W.  Fischer,  with  lead  ; 
and  P.  Berthier,  and  F.  Stolba,  with  iron.  N.  W.  Fischer  added  that  the  tellurium  is 
usually  precipitated  as  a black  powder  which  by  friction  acquires  a metallic  lustre  ; 
dendritic  tellurium  forms  when  lead  is  used  ; the  precipitation  is  usually  incomplete  ; 
and  a basic  tellurite  or  basic  tellurate  may  be  formed.  J.  J.  Berzelius  found  that 
tellurium  dioxide  readily  dissolves  in  aq.  soln.  of  alkali  hydroxides  ; but  in  aq.  soln. 
of  the  alkali  carbonates  only  during  a prolonged  boiling ; it  readily  dissolves  when 
melted  with  alkali  carbonates  with  the  expulsion  of  carbon  dioxide  ; it  dissolves 
in  fused  alkali  nitrates  forming  tellurates.  Tellurous  acid  readily  dissolves  in 
aq.  soln.  of  alkali  hydroxides  or  carbonates,  the  carbon  dioxide  escaping  only  when 
heat  is  applied.  According  to  Y.  Lenher  and  P.  D.  Potter,  the  yellowish-brown 
substances  suspended  in  the  fused  mass  before  the  liquid  solidifies  contain  variable 
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proportions  of  potassium  tellurate  and  tellurium  dioxide  depending  on  the  time 
of  heating  and  other  conditions. 

According  to  N.  W.  Fischer,  an  ammoniacal  soln.  of  copper  oxide  gives  a greyish- 
blue  precipitate  with  tellurous  acid  or  tellurous  salts.  F.  C.  Mathers  and 
F.  V.  Graham  observed  that  lead  dioxide  converts  tellurium  dioxide  into  lead 
tellurate,  and  that  the  optimum  temp,  is  170°.  H.  Rose  found  that  barium 
chloride  gives  a white  precipitate  insoluble  in  ammonia,  but  with  calcium  chloride 
precipitation  occurs  only  after  the  addition  of  ammonia.  A.  Hilger  obtained  a 
white  precipitate  by  adding  a magnesium  salt  and  ammonia  to  a soln.  of  a tellurite. 
N.  W.  Fischer  found  that  mercurous  nitrate  gives  a white  precipitate ; while 
stannous  chloride  reduces  tellurous  salts  to  tellurium  which  appears  as  a black  pre- 
cipitate ; if  the  tellurous  salt  be  very  dilute,  the  stannous  chloride  produces  a brown 
coloration  which  is  perceptible  at  a dilution  of  1 : 600,000.  B.  Brauner  founded  a 
volumetric  process  for  the  determination  of.  tellurium  on  this  reaction. 
N.  W.  Fischer  found  that  lead  acetate  soln.  gives  a white  precipitate.  V.  Lenher 
found  that  lead  tetrachloride  reacts  with  tellurium  dioxide  forming  tellurium 
tetrachloride.  According  to  B.  Brauner,  chromic  acid  oxidizes  a hydrochloric 
acid  or  sulphuric  acid  soln.  of  tellurium  dioxide  to  telluric  acid.  The  reaction  is 
slow,  but  is  faster  in  hydrochloric  than  in  sulphuric  acid  soln.  L.  Staudenmaier 
obtained  similar  results  in  nitric  acid  soln.  Tellurium  dioxide  and  the  tellurites 
form  complex  salts  with  molybdates,  tungstates,  and  vanadates  (?.«.).  B.  Brauner 
observed  that  potassium  permanganate  oxidizes  a hydrochloric  or  sulphuric  acid 
soln.  of  tellurium  dioxide,  and  in  the  latter  case,  with  the  development  of  oxygen  : 
2Te02+KMn04+4HCl=2Te03+MnCl3+KCl+2H20.  F.  A.  Gooch  and  J.  How- 
land studied  the  oxidation  of  tellurites  to  tellurates  by  potassium  permanganate. 
Soln.  of  tervalent  manganese  salts  do  not  oxidize  tellurium  dioxide.  The  reaction 
was  studied  by  W.  T.  Schrenk  and  B.  L.  Browning.  B.  Brauner,  and  V.  Lenher 
and  H.  F.  Wakefield  represented  the  reaction  with  potassium  dichromate  : 
3Te02+K2Cr207+8HCl=3H2Te04+2KCl+2CrCl3-|-H20. 
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§ 9.  The  Tellurites 

Tellurous  acid  is  dibasic  forming  normal  tellurites,  R2Te03,  and  hydrotellurites, 
HTe03  ; as  well  as  salts  of  the  hypothetical  pyrotellurous  acid,  H2Te205  ; 
tetratellurous  acid,  H2Te409  •;  and  hexatellurous  acid,  H2Te6018. 

F.  A.  Fliickiger 1 heated  tellurium  with  aq.  ammonia  in  a sealed  tube  and  obtained 
what  he  regarded  as  ammonium  tellurite.  According  to  J.  J.  Berzelius,  tellurium 
dioxide  dissolves  very  slowly  in  aq.  ammonia,  while  tellurou3  acid  dissolves  very 
quickly.  On  evaporating  the  soln.  at  a gentle  heat,  it  gives  off  ammonia  ; leaving 
tellurous  acid  contaminated ' with  a 041  per  cent,  of  ammonia.  V.  Lenher  and 
E.  Wolesensky  said  that  ammonium  tellurite  probably  exists  in  soln.  and  also  in 
the  solid  state  when  surrounded  by  a sat.  soln.  of  tellurous  acid  in  ammonia,  but  on 
attempting  to  isolate  it,  it  decomposes  spontaneously  at  ordinary  temp,  forming 
tellurous  acid,  etc.  They  dissolved  tellurium  dioxide  in  aq.  ammonia  of  sp.  gr. 
0-91,  by  heating  the  mixture  in  sealed  tubes  at  95°-100°  for  10  hrs.  After  cooling 
and  filtering,  the  soln.  was  allowed  to  evaporate  spontaneously,  when  small  crystals 
were  obtained  in  the  form  of  short  needles  arranged  in  radiating  groups,  or  clusters 
of  thin,  transparent  plates.  On  drying,  these  became  opaque.  They  dissolved 
readily  in  ammonia,  but  were  insoluble  in  water.  If  ammonium  chloride  be  added 
to  a soln.  of  tellurous  acid  in  aq.  ammonia,  J.  J.  Berzelius  said  that  what  is 
probably  ammonium  pyrotellurite,  NH4HTe205.12H20,  appears  as  a flocculent 
precipitate.  The  same  salt  is  produced  by  adding  ammonium  chloride  to  a soln. 
of  tellurous  acid,  or  tellurium  dichloride  in  warm  aq.  ammonia,  and  on  adding 
alcohol,  more  of  the  same  salt  is  precipitated.  The  pyrotellurite  is  decomposed  by 
heat  into  ammonia,  water,  and  tellurium  dioxide. 

J.  J.  Berzelius  obtained  normal  lithium  tellurite,  Li2Te03,  by  melting  together 
equimolar  proportions  of  tellurium  dioxide  and  lithium  carbonate,  and  slowly 
cooling  the  product.  The  aq.  soln.,  when  evaporated  over  cone,  sulphuric  acid, 
yields  a white,  earthy  mass.  Similarly  with  lithium  pyrotellurite,  Li/Te205,  or 
lithium  tetratehurite,  Li2Te409.«H20,  using  the  proper  proportions  of  the 
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components.  The  aq.  soln.  splits  into  the  normal  salt  and  lithium  hydropyro- 
tellurite,  LiHTe205.wH20 ; the  latter  is  also  obtained  from  a soln.  of  the  pyrotellurite 
in  hot  water.  When  heated,  it  intumesces  as  the  water  is  driven  off,  and  it  melts 
as  a red-heat  is  approached,  forming  a yellow  liquid  which,  on  cooling,  produces  a 
transparent  glass,  which  behaves  towards  hot  water  like  the  pyrotellurite.  Hot  water 
breaks  down  the  hydropyrotellurite  forming  a precipitate  of  tellurous  acid,  while  a 
more  acid  tellurite  passes  into  soln. ; with  cold  water  the  crystals  of  tellurous  acid 
pass  into  the  gelatinous  state,  but  still  retain  the  external  form  of  the  crystals. 

J.  J.  Berzelius  prepared  normal  sodium  tellurite,  Na2Te03,  as  in  the  case  of 
the  lithium  salt,  by  fusing  equimolat  proportions  of  tellurium  dioxide  and  sodium 
carbonate  ; during  solidification  the  tellurite  furnishes  crystals  which,  according 
to  C.  F.  Rammelsberg,  are  rhombic  prisms  with  angles  113°  to  114°.  J.  J.  Berzelius 
said  that  the  salt  dissolves  slowly  but  completely  in  cold  water,  and  more  quickly 
in  hot  water,  from  which  it  does  not  separate  on  cooling.  Alcohol  precipitates  from 
the  aq.  soln.  a cone,  liquid  which,  i*n  a few  days,  deposits  crystals  of  hydrated  salt. 
When  the  aq.  soln.  is  evaporated,  C.  F.  Rammelsberg  found  that  rhombic  prisms  of 
the  pentahydrate,  Na2Te03.5H20,  are  formed  which  lose  their  water  at  120°. 
V.  Lenher  and  E.  Wolesensky  also  prepared  this  salt.  They  found  that  if  to  a cone, 
soln.  of  sodium  tellurite  about  twice  its  vol.  of  95  per  cent,  alcohol  be  added,  the 
two  liquids  do  not  mix.  There  is,  however,  a redistribution  of  the  water  between 
the  alcohol  and  the  tellurite.  The  alcoholic  layer  increases  in  vol.  by  abstracting 
water  from  the  tellurite  soln.,  while  the  latter  becomes  more  cone.  Long  standing 
and  repeated  shaking  will  not  produce  any  further  changes  in  this  system.  If,  now, 
solid  sodium  tellurite  be  added,  it  will  slowly  dissolve,  increasing  the  vol.  of  the 
tellurite  soln.,  and  withdrawing  water  from  the  alcoholic  layer.  But  if,  instead, 
about  five  vols.  of  absolute  alcohol  be  added,  the  water  is  almost  completely  with- 
drawn from  the  sodium  tellurite,  and  the  latter  is  precipitated.  C.  Jena  regarded 
the  salt  as  a hemienneahydrate,  Na2Te03.5JH20.  E.  Blanc  found  that  the  per- 
centage degree  of  hydrolysis  of  0-0075 N -soln.  of  sodium  tellurite  is  0-773  ; and 
of  0-0073Y-  sodium  hydrotellurite,  0-0022.  J.  J.  Berzelius  prepared  sodium  pyro- 
tellurite, Na2Te205,  by  the  fusion  process  as  in  the  case  of  the  sodium  salt ; the 
boiling  aq.  soln.,  when  slowly  cooled,  furnishes  pearly  scales  and  thin  six-sided  plates 
of  sodium  hydropyrotellurite,  NaHTe205.2H20,  or  sodium  tetratellurite, 
Na2Te409.4H20,  and  C.  F.  Rammelsberg  found  that  the  crystals  lose  half  their 
water  when  exposed  to  air.  V.  Lenher  and  E.  Wolesensky  also  prepared  the  pyro- 
and  tetratellurites.  They  found  that  the  pyrotellurite  was  oxidized  by  heating 
it  for  five  days  in  air,  and  the  tetratellurite  and  tellurium  dioxide  not  at  all.  Hence 
as  the  proportion  of  tellurium  dioxide  in  the  tellurite  increases,  the  tendency  to 
oxidize  in  air  decreases.  According  to  C.  F.  Rammelsberg,  if  the  normal  tellurite 
be  treated  with  hot  water,  a white  crystalline  powder  of  sodium  tritellurite, 
Na2Te307.5H20,  is  formed  ; it  loses  half  its  water  at  120°,  and  the  rest  when  melted. 
The  brown,  molten  salt  forms  a transparent  yellow  glass  when  cold.  By  treating 
a soln.  of  the  normal  salt  with  as  much  nitric  acid  as  is  possible  without  making  the 
liquid  react  acid,  a precipitate  of  sodium  hexatellurite,  Na2Te6013.8H20,  is 
formed  ; it  is  washed  with  cold  water,  and  dried  in  air.  It  loses  all  its  combined 
water  on  fusion. 

J.  J.  Berzelius  prepared  normal  potassium  tellurite,  K2Te03,  by  the  fusion 
process  as  in  the  case  of  the  lithium  and  sodium  salts.  The  white  product  consists 
of  crystals  with  an  alkaline  reaction  and  caustic  taste.  V.  Lenher  and  E.  Wolesensky 
found  that  it  is  well  to  conduct  the  fusion  in  an  inert  atm. — say,  carbon  dioxide — 
to  prevent  the  oxidation  of  tellurite  to  tellurate.  The  white,  crystalline  mass  is 
deliquescent,  and  extremely  soluble  in  water.  The  aq.  soln.  slowly  deposits  tellurous 
acid  on  exposure  to  air,  and  more  readily  when  air  is  bubbled  through  the  soln. 
On  heating,  however,  the  precipitate  again  dissolves,  showing  that  at  higher  temp, 
tellurous  acid  will  displace  carbonic  acid.  When  heated  in  air  between  460°-470°, 
the  tellurite  is  slowly  oxidized.  Thus  35-09  per  cent,  was  converted  to  tellurate 
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in  10  hrs.,  and  99-49  per  cent,  in  50  hrs.  It  dissolves  slowly  in  cold  water,  but  more 
rapidly  in  hot  water ; and  the  evaporation  of  the  aq.  soln.  over  sulphuric 
: acid  furnishes  a syrupy  mass  which  afterwards  solidifies  into  a granular,  non- 
i deliquescent  mass.  V.  Lenher  and  E.  Wolesenky  showed  that  potassium  tellurite 
cannot  be  crystallized  from  aq . soln.,  for  the  aq.  soln.  when  evaporated  over  sulphuric 
acid  and  solid  potassium  hydroxide  furnishes  a hard,  transparent,  waxy  or  resinous- 
looking  homogeneous  mass  of  the  trihydrate,  K2Te03.3H20.  This  compound  was 
also  prepared  by  treating  tellurium  dioxide  with  a soln.  of  caustic  potash,  either  cold 
; or  hot.  The  combination  seems  to  take  place  only  in  the  proportion  of  2KOH  : Te02, 
f so  that  if  more  than  this  proportion  of  tellurium  dioxide  be  present,  some  will  remain 
undissolved.  Tellurium  dioxide  dissolves  in  hot  soln.  of  potassium  carbonate, 
although  not'  so  readily  as  in  potassium  hydroxide.  The  action  of  alcohol  on 
potassium  tellurite  resembles  its  action  on  the  sodium  salt  ( q.v .).  If  molar  pro- 
portions of  the  components  be  fused  together,  potassium  pyrotellurite,  K2Te203, 
is  formed  as  a colourless,  translucent,  crystalline  mass  ; when  heated  in  air  between 
| 460°  and  470°,  26-88  per  cent,  was  converted  into  tellurite  in  10  hrs.,  and  99-47  per 
1 cent,  in  57  hrs.  At  a rather  higher  temp.,  the  tellurate  loses  oxygen  and  is  reduced 
to  tellurite,  so  that  between  450°  and  red-heat,  there  is  the  reversible  reaction 
2K2Te03+ 02^2K2Te04.  The  aq.  soln.  is  resolved  by  cold  water  into  the  normal 
tellurite  which  dissolves,  and  hydropyrotellurite  which  remains  undissolved.  Boiling 
water  dissolves  it  completely,  but  on  cooling  deposits  grains  of  the  hydropyro- 
tellurite ; if  the  hot  water  also  bolds  pyrotellurite  in  soln.,  the  liquid  when  evapo- 
rated on  the  water-bath  deposits  the  pyrotellurite  as  a hard,  crystalline  mass. 
If  powdered  tellurous  acid  be  boiled  with  a soln.  of  potassium  carbonate,  the  hot, 
filtered  liquid  deposits  potassium  hydropyiotellurite,  KHTe205.l|H20,  or 
potassium  tetratellurite,  K2Te409.4H20,  in  regular  six-sided  prisms  and  plates ; the 
mother-liquid  yields  more  of  the  salt  on  evaporation  and  cooling  ; and  the  remaining 
liquid  contains  the  normal  salt  in  soln.  The  action  of  cold  water  and  heat  are  the 
same  as  in  the  case  of  the  lithium  salt  [q.v.).  V.  Lenher  and  E.  Wolesensky  found 
that  the  oxidation  of  the  pyro-  and  tetra-tellurites  in  air  resembles  the  cases  with 
the  corresponding  sodium  salts.  According  to  D.  Klein,  if  a soln.  of  a mol  of  oxalic 
acid,  and  2 mols  of  potassium  tellurite  be  mixed,  and  the  precipitate  be  washed  with 
water,  and  dried  at  100°,  potassium  hexatellurite,  K2Te60I3.2H20,  is  formed  as 
: a white,  amorphous  powder,  which  melts  at  a dull  red-heat  giving  off  water.  The 
heated  salt  may  blacken  owing  to  the  reducing  action  of  a trace  of  oxalic  acid.  It 
is  not  decomposed  by  water  in  which  it  is  sparingly  soluble. 

According  to  J.  J.  Berzelius,  a siskin-green  precipitate  of  copper  tellurite  is 
formed  by  double  decomposition.  It  is  insoluble  in  water  ; turns  black  and 
gives  off  water  when  heated  ; readily  fuses  and  solidifies  on  cooling  to  form  a black 
mass  with  a conchoidal  fraction.  It  is  reduced  on  charcoal  before  the  blow-pipe 

I;  to  form  copper,  telluride.  P.  E.  Browning  and  6.  O.  Oberhelman  found  that  by 
i evaporating  an  aramoniacal  soln.  of  tellurous  acid  containing  some  copper  salt 
over  sulphuric  acid  in  the  presence  of  soda-lime,  ammonium  copper  tellurite, 
i approximating  5NH3.Cu0.9Te02.6H20,  is  formed ; the  same  salt  is  obtained  by 
mixing  slowly  with  constant  stirring  an  ammoniacal  soln.  of  tellurous  acid  and 
copper  chloride. 

J.  J.  Berzelius  obtained  silver  tellurite,  Ag2Te03,  by  double  decomposition- 
say  from  sodium  tellurite  and  silver  nitrate.  It  appears  as  a yellowish-white 
precipitate,  soluble  in  ammonia.  The  ammoniacal  soln.,  on  evaporation,  yields 
a basic  salt.  R.  D.  Hall  and  V.  Lenher  said  that  the  pale  yellow  powder,  dried 
at  105°,  is  stable  in  light.  V.  Lenher  and  E.  Wolesensky  found  that  the  precipitate 
is  pale  yellow  only  when  an  excess  of  silver  nitrate  is  used  ; if  the  sodium  tellurite 
is  in  excess,  the  precipitate  is  white.  When  dried,  both  precipitates  are  buff- 
coloured,  and  have  the  same  composition,  but  on  standing,  the  one  which  was 
precipitated  in  presence  of  an  excess  of  silver  nitrate  begins  to  turn  dark  in  colour, 
and  in  the  course  of  a week  or  two  changes  completely  to  a dark  bluish-grey 
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colour.  The  other  does  not  change,  and  has  actually  been  kept  for  twenty  months 
without  undergoing  any  modification.  When  silver  tellurite  is  heated  to  250°  it 
becomes  deep  blue  or  purple  in  colour.  This  change  takes  place  without  any  change 
in  weight.  On  heating  still  higher,  to  450°  or  500°,  it  again  changes  to  a pale  yellow. 
In  this  last  condition  it  can  be  cooled  down  to  ordinary  temp,  unchanged,  provided 
it  is  not  disturbed  during  the  cooling.  But  if  during  this  cooling,  and  while  it  is 
still  quite  hot,  it  is  disturbed  by  compression  with  a glass  rod,  the  mass  immediately 
changes  to  the  purple  variety.  Again,  when  freshly  precipitated  silver  tellurite  is 
treated  with  ammonium  hydroxide  it  dissolves  immediately,  and  when  the  soln. 
is  allowed  to  evaporate  spontaneously  brownish-yellow  crystals  deposit.  These 
crystals  contain  neither  ammonia  nor  water,  and  can  be  heated  to  500°  or  higher 
without  any  change  in  weight.  On  cool  mg,  after  being  thus  heated,  these  crystals 
again  yield  the  ordinary  pale  yellow  silver  tellurite.  It  thus  appears  that  silver 
tellurite  can  exist  in  a number  of  different  varieties.  The  freshly-precipitated  salt 
is  soluble  in  acetic  and  tartaric  acids,  also  in  nitric  and  sulphuric  acids.  Hydro- 
chloric acid  decomposes  it  with  the  formation  of  silver  chloride  and  tellurium 
tetrachloride.  It  is  insoluble  in  water.  The  precipitated  tellurites  have  little 
tendency  to  assume  the  crystalline  state  ; and  no  crystallization  was  observed  by 
allowing  precipitated  silver  tellurite  to  stand  in  contact  with  acidulated  water. 
G.  Rose  obtained  what  is  supposed  to  have  been  silver  pyrotellurite  from  a soln. 
of  silver  telluride  in  nitric  acid.  The  small,  acuminated  square  prisms  have  an 
adamantine  lustre  ; and  are  insoluble  in  water. 

J.  J.  Berzelius  obtained  calcium  tellurite,  CaTe03,  by  heating  a mixture  of 
equimolar  parts  of  the  component  oxides ; the  mass  does  not  fuse  at  960°  ; by 
treating  alkali  tellurite  soln.  with  a calcium  salt,  white  flecks  of  calcium  tellurite 
are  formed,  which  are  sparingly  soluble  in  cold  water,  and  easily  soluble  in  hot  water. 
The  evaporation  of  the  aq.  soln.  gives  a white  earthy  product  of  hydrolysis. 
Strontium  tellurite,  SrTe03,  was  obtained,  likewise  also  barium  tellurite,  BaTe03. 
C.  F.  Rammelsberg  also  prepared  the  barium  salt.  V.  Lenher  and  E.  Wolesensky 
found  that  the  white  flocculent  precipitate  is  obtained  by  mixing  soln.  of  sodium 
tellurite  and  barium  chloride,  but  it  could  not  be  obtained  in  the  crystalline  state. 
All  the  precipitates,  even  those  obtained  in  dil.  soln.,  contained  chlorine  which  could 
not  be  washed  out.  The  analyses  ranged  from  8BaTe03.5BaCl2.4H20  to 
20BaTeO3.|BaCl2.20H2O.  If  a mixture  of  the  component  oxides  in  the  theoretical 
proportions  be  heated  to  redness,  J.  J.  Berzelius  found  that  calcium  pyrotellurite, 
CaTe205,  is  obtained  in  micaceous  scales  ; and  he  found  that  under  analogous  con- 
ditions, using  the  theoretical  proportions  of  the  constituents,  barium  tetratellurite, 
BaTe409,  could  be  prepared.  The  product  appears  as  a transparent,  colourless 
glass.  If  an  aq.  soln.  of  barium  tellurite  be  treated  with  dil.  nitric  acid,  a 
voluminous  precipitate  of  the  hydrate,  BaTe409.H20,  or  barium  hydropyrotellurite, 
Ba(HTe205)2,  is  formed.  It  dissolves  in  an  excess  of  warm  nitric  acid,  and  on 
evaporation  of  the  soln.,  tellurium  dioxide  is  first  deposited. 

According  to  J.  J.  Berzelius,  white  voluminous  flakes  of  beryllium  tellurite  are 
produced  when  a soluble  tellurite  is  added  to  a soln.  of  a beryllium  salt ; and 
magnesium  tellurite  is  formed  in  an  analogous  way.  V.  Lenher  and  E.  Wolesensky 
found  that  the  salt  is  the  pentitaenneahydrate,  5MgTe03.9H20  ; and  that  it  is  only 
sparingly  soluble,  but  even  then  it  is  much  more  soluble  than  the  corresponding 
salt  of  the  alkaline  earths.  The  precipitate  becomes  granular  when  allowed  to 
stand  in  contact  with  the  mother-liquor.  It  does  not  vary  in  composition  with 
the  proportions  of  the  salts  used  in  its  formation.  When  heated  at  different  temp, 
to  a constant  weight,  these  results,  Fig.  41,  show  that  at  about  450°,  there  are  two 
phases,  below  that  temp,  the  pentitaenneahydrate  is  stable,  and  above  that  temp., 
the  decitaenneahydrate,  10MgTeO3.9H2O.  J.  J.  Berzelius  obtained  a white,  flocculent 
precipitate  of  zinc  tellurite  by  double  decomposition.  A.  Oppenheim  prepared 
cadmium  tellurite  as  a white,  gelatinous  precipitate,  by  adding  sodium  tellurite  to 
a soln.  of  cadmium  nitrate.  It  dissolves  in  nitric  acid  forming  a colourless  soln., 
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Fiq.  -41.- — Dehydration  Curve  of 
Hydrated  Magnesium  Tellurite. 


and  in  hydrochloric  acid  forming  a yellow  soln.  V.  Lenher  and  E.  Wolesensky 
used  soln.  of  cadmium  chloride  and  sodium  tellurite.  The  precipitate  approximates 
in  composition  the  normal  tellurite,  CdTe03.  J.  J.  Berzelius  obtained  mercurous 
tellurite  as  a dark  yellow  precipitate  which 
becomes  brcwn  on  exposure  to  air,  and  forms 
mercuric  tellurite  which  is  also  obtained  by 
double  decomposition  of  a soluble  tellurite  and 
a mercuric  salt. 

J.  J.  Berzelius  reported  aluminium  tellurite 

to  be  formed  as  a white,  flocculent  precipitate 
on  adding  sodium  tellurite  to  a soln.  of  an 
aluminium  salt ; it  is  insoluble  in  an  excess  of 
the  aluminium  salt  soln.  He  also  obtained 
yttrium  tellurite  ill  an  analogous  manner  ; and 
it  is  insoluble  in  an  excess  of  the  yttrium  salt 
soln.  White  zirconium  tellurite  was  obtained 
in  an  analogous  manner ; and  likewise  also 
thorium  tellurite.  J.  J.  Berzelius  found  that  a 
basic  lead  tellurite  is  precipitated  by  the  action  of  potassium  tellurite  on  a soln. 
of  lead  acetate  ; and  a white,  flocculent  precipitate  of  normal  lead  tellurite  was 
also  obtained  ; V.  Lenher  and  E.  W'olesensky  mixed  soln.  of  lead  nitrate  and 
sodium  tellurite,  and  found  that  the  precipitate  is  the  tritadihydrate,  3PbTe03.2H20. 
It  is  soluble  in  acids,  and  when  heated  forms  the  yellow,  anhydrous  salt ; and 
it  melts  to  form,  on  cooling,  a transparent  glass.  It  is  reduced  to  telluride  when 
heated  with  carbon.  V.  Lenher  and  E.  Wolesensky  found  that  in  air  at  440°--470° 
it  oxidizes  more  slowly  than  sodium  tellurite. 

According  to  W.  A.  A.  Prandtl,  if  a hydrochloric  acid  soln.  of  tellurous  acid  be 
mixed  with  a soln.  of  sodium  vanadate,  or  if  sodium  tellurite  and  vanadate  be  mixed 
with  hydrochloric  acid,  an  orange-yellow,  amorphous  precipitate  is  produced  and 
it  rapidly  dissolves  if  the  liquor  is  acidic  or  alkaline  ; but  if  neutral  a hydrated 
sodium  telluritovanadate  is  formed.  The  precipitate  is  decomposed  by  water, 
and  vanadic  acid  passes  into  soln.  while  tellurous  acid  remains  undissolved.  The 
composition  of  the  precipitate  varies  with  the  cone,  of  the  vanadic  acid  in  the 
mother-liquor.  From  strongly  alkaline,  hot,  cone.  soln.  of  sodium  tellurite  and 
vanadate,  with  the  former  in  excess,  white  needles  of  a complex  salt  separate  out 
as  the  liquid  cools.  It  is  completely  decomposed  into  its  components  when 
recrystallization  is  attempted.  C.  Jena  treated  sodium  vanadate,  in  neutral  or 
acidic  soln.,  with  tellurium  tetrachloride,  and  obtained  a series  of  complex  salts. 
If  the  vanadate  and  tellurium  tetrachloride  in  hydrochloric  acid  soln.  be  in  the 
proportion  V205  : Te02=2  : 1,  and  the  soln.  neutralized  with  sodium  hydroxide, 
the  complex  sodium  tetravanadatopentatellurite,  Na20.2V205.5Te02.2Ho0,  is 
formed  ; if  in  the  proportion  1 : 1,  the  complex  sodium  tetravanadatohexateliurite, 
Na20.2V205.6Te02.12H20,  when  dried  at  100°  the  diliydrate  is  formed,  and  when 
dried  over  sulphuric  acid  in  vacuo,  the  trihydrate  ; and  if  the  proportion  be  1 : 5, 
sodium  tetravanadatodecatellurite,  Na20.2V205.10Te02.3H20,  is  formed.  By 
working  in  alkaline  soln.,  with  20  grms.  of  tellurium  dioxide  and  2 grms.  of  vana- 
dium pentoxide  and  the  mixture  neutralized  with  sodium  hydroxide,  sodium 
hexavanadatotellurite,  Na2Te03.6Na3V04.20H20,  is  formed  ; with  40  grms.  of 
tellurium  dioxide  and  5 grms.  of  vanadium  pentoxide,  sodium  divanadatopenta- 
tellurite,  5Na2Te03.2Na3V04.52H20,  is  formed ; the  cone,  of  the  mother- 
liquor  yields  what  is  supposed  to  be  a mixture  of  sodium  divanadatotetra- 
tehurite,  4Na2Te03.2Na3V04.48H20,  and  of  sodium  divanadatotritellurite, 
3Na2Te03.2Na3V04.41H20. 

J.  J.  Berzelius  prepared  chromium  tellurite,  as  a pale  greyish-green  precipitate, 
by  adding  a soluble  tellurite  to  a soln.  of  a chromic  salt ; it  is. soluble  in  an  excess 
of  the  latter.  0.  W.  Gibbs  made  some  preliminary  observations  on  the  tellurito- 
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molybdates  analogous  to  the  selenomolybdates  ; and  on  the  telluritotungstates 
analogous  to  the  selenitotungstates.  According  to  D.  Klein,  tellurous  acid  dis- 
solves readily  in  soln.  of  sodium,  ammonium,  or  potassium  paratungstate,  yielding 
in  the  first  case  micaceous  crystals  and  a dense  mother-liquor.  This  mother-liquor 
gives  no  precipitate  with  hydrochloric  acid  in  the  cold,  and  is  only  decomposed 
after  several  successive  evaporations  to  dryness  with  this  acid.  The  mother-liquor 
contains  tellurous  acid,  which  is  precipitated  only  by  sulphurous  acid  or  sodium 
hydrosulphite  in  the  cold,  after  the- addition  of  hydrochloric  acid.  The  action  of 
tellurous  acid  on  ammonium  or  potassium  paratungstate  yields  no  crystalline 
products,  but  only  a pulverulent  deposit,  which  contains  tungstic  and  tellurous 
acids,  and  behaves  like  a tungstotellurite.  J.  J.  Berzelius  obtained  by  double 
decomposition  pale  lemon-yellow,  insoluble  uranyl  tellurite. 

J.  J.  Berzelius,  and  V.  Lenher  and  E.  Wolesensky  obtained  a white  or  faintly  pink, 
flocculent  precipitate  of  manganese  tellurite,  by  mixing  sodium  tellurite  with  a soln. 
of  manganese  chloride.  The  salt  is  very  Unstable.  On  standing,  the  colour  graduallv 
changes  to  a deep  chocolate-brown.  The  change  takes  place  more  rapidly  when  the 
mixture  is  brought  into  direct  contact  with  air.  This  change  is  due  to  oxidation 
of  the  manganese  to  the  tervalent  state.  When  the  chocolate-coloured  substance 
is  treated  with  hydrochloric  acid,  a dark,  greenish-brown  soln.  of  manganic  chloride 
is  formed.  This  colour  is  discharged  by  diluting  the  soln.  with  water,  or  by  boiling  ; 
in  the  latter  case  chlorine  is  evolved.  If  the  precipitation  is  carried  out  with  soln. 
which  have  been  previously  thoroughly  boiled  to  expel  the  air,  the  precipitate  is 
perfectly  white,  and  remains  so  as  long  as  contact  with  air  is  avoided.  The  freshly- 
precipitated  manganese  tellurite  is  more  sensitive  to  oxidation  than  when  it  has 
stood  some  time.  J.  J.  Berzelius  obtained  by  double  decomposition  ferrous  tellurite 
in  yellowish-grey  flakes  ; and  ferric  tellurite  in  yellow  flakes.  E.  S.  Dana  and 
H.  L.  Wells  found  greenish-yellow  masses  or  small  mamillary  forms  of  a mineral 
in  the  El  Plombo  mine,  Tegucigalpa,  Honduras  ; and  it  was  named  durdenite — 
after  H.  S.  Durden.  The  analysis  corresponds  with  the  tetrahydrate,  Fe2(Te03)3.4H20. 
The  hardness  is  2-0  to  2-5.  W.  F.  Hillebrand  also  described  a yellowish-green 
hydrated  ferric  tellurite  from  Tombstone,  Arizona,  which  occurs  in  thin  scales, 
probably  monoclinic.  The  (010) -cleavage  is  perfect.  The  mineral  was  called 
emmonsite — after  S.  F.  Emmons.  Its  exact  composition  is  unknown.  The  ratios 
Fe203  : Te02  : H20  are  3-16  : 1 : 1-77.  The  hardness  is  about  5.  Cobalt  tellurite 
is  a dark  purple  precipitate  ; V.  Lenher  and  E.  Wolesensky  found  that  the 
precipitate  is  monohydrated,  CoTe03.H20,  and  melts  between  300°  and  400°  without 
changing  colour,  but  with  the  loss  of  its  water  of  crystallization.  J.  J.  Berzelius 
obtained  by  double  decomposition  nickel  tellurite  in  pale  greenish-white  flakes. 
V.  Lenher  and  E.  Wolesensky  found  that  the  precipitate  is  monohydrated, 
NiTe03.H20,  and  when  heated,  loses  water  and  turns  light  brown. 
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§ 10.  Tellurium  Trioxide  and  the  Telluric  Acids 

J.  J.  Berzelius  1 said  that  when  telluric  acid  is  heated  above  360°,  but  not  to 
a red-heat,  tellurium  trioxide,  Te03,  remains.  If  the  temp,  be  too  high,  the  trioxide 
decomposes  into  the  dioxide,  when  the  product  instead  of  being  orange-yellow  is 
white.  If  tellurium  dioxide  has  been  formed,  it  can  be  dissolved  out  by  means  of 
hydrochloric  acid.  L.  Staudenmaier  said  that  the  last  traces  of  water  are  given  off 
very  slowly.  Tellurium  trioxide  obtained  in  this  way  is  orange-yellow,  and  the 
granules  retain  the  form  of  the  crystals  of  orthotelluric  acid  from  which  it  was 
derived.  F.  W.  Clarke  said  that  the  sp.  gr.  is  5-07  at  14-5°  ; 5-08  at  10-5°  ; and  5-11 
at  11°.  It  decomposes  when  heated  to  dull  redness,  the  m.p.  of  tellurium  dioxide, 
giving  off  oxygen  and  forming  the  dioxide.  The  trioxide  is  insoluble  in  cold  and  hot 
water  ; cold  hydrochloric  acid,  hot  nitric  acid,  and  moderately  cone,  potash-lye 
are  without  action ; hot,  cone,  hydrochloric  acid  decomposes  it  with  the  evolution  of 
chlorine ; and  very  cone.,  hot  potash-lye  dissolves  it  with  the  formation  of  tellurates. 

The  tellurium  in  the  trioxide  is  probably  sexivalent  like  sulphur  in  sulphur 
trioxide.  The  hydrate,  Te02.3H20,  sometimes  regarded  as  dihydraled  telluric  acid, 
H2Te04.2H20,  behaves  as  if  it  were  orthotelluric  acid,  H6Te06 ; while  the  hydrate, 
Te02.H20,  generally  called  telluric  acid,  H2Te04,  is  metatelluric  acid.  This  acid 
appears  as  the  dihydrate — i.e.  orthotelluric  acid — and  the  hexahydrate,  H2Te04.6H20. 
F.  C.  Mathers  and  F.  V.  Graham  obtained  telluric  acid  by  the  action  of  sulphuric 
acid  on  lead  tellurate  ; and  F.  C.  Mathers  and  G.  M.  Bradbury,  by  the  action  of 
cone,  nitric  acid  on  calcium  tellurate.  This  latter  may  be  the  telrahydrate  of 
orthotelluric  acid,  H2Te02.4H20.  F.  Mylius  obtained  the  following  results  for  the 
percentage  solubility,  S : 

0°  5°  10°  15°  10°  30°  60°  100°  100° 

S . 13-92  17-84  26-21  32-79  25-29  33-30  43-67  60-84  c.  67 

Solid  phase  H2Te0^6H20  H2Te04.2H20 


The  solubility  expressed  in  mols.  of  H2Te04  per  100  mols.  of  water  is  illustrated  by 
Fig.  39.  There  is  a transition  temp,  at  10°  ; and  the  eutectic  temp,  is  at  — 1-5°, 
although  the  hexahydrate  is  readily  undercooled  to  — 8°.  L.  Staudenmaier,  and 
F.  Mylius  found  that  the  crystals  of  the  hexahydrate  resemble  those  of  potassium 
dihydrophosphate,  and  .belong  to  the  tetragonal  system.  They  effloresce  when 
dried  between  filter-paper,  and  pass  into  the  orthotelluric  acid  by  the  heat  of  the 
hand.  H.  Remy  discussed  the  structure  of  ortho- 
telluric acid,  HfiTe06. 

The  equilibrium  conditions  of  orthotelluric  acid, 

H6Te06,  or  H2Te04.2H20,  are  indicated  in  Fig.  42  ; 
and  the  acid  is  obtained  by  the  spontaneous  crystal- 
lization of  aq.  soln.  The  aq.  soln.  was  prepared  by 
J.  J.  Berzelius,  H.  L.  Wells,  and  B.  Brauner  by  dis- 
solving tellurium  in  aqua  regia.  A.  Mailfert  obtained 
the  acid  by  oxidizing  tellurium  with  ozone  in  the 
presence  of  moisture ; A.  Gutbier  and  F.  Resen- 
scheck,  by  oxidizing  tellurium  in  alkaline  soln.  by 
hydrogen  dioxide.  A.  Gutbier  and  W.  Wagenknecht 
said  that  potassium  tellurate  is  produced  when  a 
15  per  cent.  soln.  of  hydrogen  dioxide  acts  on  a 
mixture  of  potassium  hydroxide  and  tellurium  dioxide 
at  60°-70°.  When  the  soln.  is  acidified  by  sulphuric 
acid,  telluric  acid  is  precipitated  and  may  be  obtained 
free  from  potassium  salts.  Sodium  hydroxide  soln. 
may  be  substituted  for  potassium  hydroxide.  F. 
dioxide  with  lead  dioxide  in  nitric  acid  soln.  The 
by  sulphuric  acid,  but,  added  L.  Staudenmaier,  it  is 
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Fig.  42.— The  Solubility  of 
Telluric  Acid  in  Water. 
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acid  from  lead  and  sulphuric  acid.  J.  J.  Berzelius  oxidized  tellurium  dioxide 
to  the  trioxide  by  fusion  with  alkali  nitrates  ; A.  Oppenheim,  by  fusion  with 
potassium  chlorate  ; J.  J.  Berzelius,  and  P.  E.  Browning  and  H.  D.  Minnig,  by  the 
action  of  chlorine  ; L.  Staudenmaier,  by  the  action  of  bromine  on  silver  tellurite  : 
Ag2Te03+Br2-f  H20=H2Te04-f  2AgBr ; B.  Brauner,  by  the  action  of  iodine  in 
alkaline  soln.  ; B.  Brauner,  by  the  action  of  chromic  acid  in  hydrochloric  or 
sulphuric  acid  soln.  ; L.  Staudenmaier,  by  the  action  of  chromic  acid  in  nitric  acid 
soln. 

The  soln.  of  the  element  in  aqua  regia  is  freed  from  nitric  acid  by  evaporation  with  an 
excess  of  hydrochloric  acid.  The  soln.  is  diluted,  filtered,  and  the  tellurium  precipitated 
by  sodium  bisulphite,  and  well  washed  with  hot  water.  The  moist  tellurium  is  oxidized 
with  nitric  acid,  and  the  resulting  basic  nitrate  purified  by  recrystallization  The  basic 
nitrate  is  covered  with  several  times  its  bulk  of  dil.  nitric  acid,  and  chromic  anhydride 
slightly  in  excess  of  that  required  by  the  equation:  3TeO s+ 2Cr03+3H aO  = 3H2To04 
+Cr2Os  is  added.  The  liquid  is  boiled  and  then  evaporated  until  a crust  forms  on  the  sur- 
face. The  crystals  are  removed  from  the  cold  soln.  and  the  latter  again  evaporated.  The 
operation  is  continued  as  long  as  telluric  acid  separates  from  the  mother  liquid.  The  acid 
is  dissolved  in  hot  water — if  a white  residue  remains  undissolved  chromic  anhydride 
insufficient  to  oxidize  the  tellurium  dioxide  is  used.  The  acid  must  now  be  recrystallized 
a number  of  times  in  order  to  remove  the  chromium  nitrate.  The  yield  is  about  80  per 
cent. 

A.  Gutbier  and  F.  Flury  found  that  when  telluric  acid  is  prepared  by  oxidizing 
a nitric  acid  soln.  of  tellurium  dioxide  with  chromic  acid,  dark  purple  crystals  of 
hydrated  chromic  nitrate,  Cr(N03)3.9H20,  separate  if  too  much  chromic  acid  is 
used  and  they  contain  a very  small  quantity  of  telluric  acid  or  tellurium  nitrate. 
To  obtain  pure  telluric  acid,  it  is  necessary  to  avoid  excess  of  chromic  acid ; the 
telluric  acid  so  obtained  is  quite  colourless.  Telluric  acid  should  not  be  separated 
from  a soln.  containing  sulphuric  acid,  for  the  solid  £ lbstance  retains  this  acid  with 
great  tenacity.  J.  Meyer  and  H.  Moldenhauer  obtained  orthotelluric  acid  as  a 
crystalline,  snow-white  powder,  readily  soluble  in  water,  by  oxidizing  tellurium 
tetrachloride  with  chloric  acid  in  the  following  manner  : 

Tellurium  (10  grms.)  is  boiled  with  10  c.c.  of  nitric  acid  and  3 c.c.  of  hydrochloric  acid 
until  completely  dissolved.  To  the  hot  soln.  is  added  gradually  a cone.  soln.  of  9 grms. 
of  chloric  acid  and  the  soln.  is  boiled  until  no  more  chlorine  is  evolved.  A slight  excess  of 
chloric  acid  is  added  to  avoid  formation  of  any  explosive  chlorine  oxide.  The  soln.  is 
filtered  through  asbestos  and  concentrated  by  distillation  in  a vacuum  on  the  water-bath, 
thereby  removing  chlorine.  The  telluric  acid  can  be  crystallized  out  by  the  addition  of 
cone,  nitric  acid,  collected,  and  finally  freed  from  chlorine  and  nitrogen  oxides  by  drying 
in  vacuo. 

J.  Meyer  and  W.  Franke  modified  this  process.  B.  Brauner  obtained  telluric  acid  by 
the  action  of  potassium  permanganate  in  acidic  or  alkaline  soln. ; and  K.  B.  Heberlein, 
by  the  anodic  oxidation  of  a soln.  of  tellurium  dioxide  in  nitric  acid.  P.  E.  Browning 
and  H.  D.  Minnig  tested  if  all  the  tellurous  acid  has  been  oxidized  to  telluric  acid 
by  making  the  soln.  alkaline,  and  acidifying  with  acetic  acid.  If  the  soln.  remains 
clear  the  oxidation  to  telluric  acid  is  complete.  S.  Ghosh  and  N.  R.  Dhar,  and 
W.  von  Behren  and  J.  Traube  studied  the  colloidal  soln.  of  telluric  acid. 

The  colourless  crystals  of  orthotelluric  acid  were  analyzed  by  L.  Staudenmaier, 
and  A.  Gutbier.  They  occur  in  two  forms — cubic  and  monoclinic.  If  a hot  aq. 
soln.  of  orthotelluric  acid  be  mixed  with  nitric  acid  a mixture  of  both  forms  of 
crystals  is  obtained.  J.  J.  Berzelius  described  the  crystals  formed  by  the 
spontaneous  evaporation  of  the  aq.  soln.  as  colourless,  flattened,  six-sided  prisms 
with  very  obtuse  summits,  and  often  striated  longitudinally  ; and  if  they  separate 
from  a soln.  containing  sulphuric  acid,  or  from  a warm,  cone,  soln.,  they  are  said  to 
be  short  eight-sided  prisms.  W.  Muthmann,  and  0.  Brunck,  and  A.  Gutbier  thought 
these  crystals  were  trigonal.  The  crystals  were  also  studied  by  A.  Oppenheim, 
L.  Finckh,  and  A.  Handl.  B.  Gossner  obtained  the  monoclinic  crystals  by  the  slow 
evaporation  of  the  aq.  soln.,  or  by  cooling  a warm,  dil.  nitric  acid  soln.,  and  found 
the  axial  ratios  to  be  a : b : c=0-6104  : 1 : 0-5206,  and  /3=104°  30'.  Twinning, 
and  trilling  occur  about  the  (llO)-plane  ; and  fourlings  were  also  observed.  The 
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(OlO)-cleavage  is  clear.  The  optical  character  is  positive ; and  the  optic  axial 

angle  27=47°  30'.  The  cubic  crystals  were  observed  by  J.  W.  Retgers,  and 
L.  Staudenmaier.  B.  Gossner  obtained  the  cubic  forms  in  small  singly  refracting 
octahedra  from  a soln.  of  telluric  acid  in  hot  nitric  acid  of  sp.  gr.  1-32.  They  are 
accompanied  by  some  monoclinic  crystals — but  the  proportion  of  these  decreases 
with  the  increasing  cone,  until  finally  only  the.  cubic  form  appears.  L.  M.  Kirk- 
patrick and  L.  Pauling  found  that  the  X-radiogram  of  the  octahedral  crystals 
corresponds  with  a face-centred,  cubic  lattice,  with  edge  15-48  A.  A transforma- 
tion of  monoclinic  to  cubic  crystals  was  not  observed  at  temp,  up  to  130°  ; but 
the  reverse  transformation  has  been  reported.  P.  Niggli  discussed  the  electronic 
structure  of  the  tellurates. 

F.  W.  Clark  gave  for  the  specific  gravity  of  ordinary  orthotelluric  acid.  3-00  at 
25-5°;  2-965  at  26-5°.  B.  Gossner  gave  for  the  monoclinic  crystals  3-071,  and  for 
the  cubic  crystals  3-053.  Observations  on  the  f.p.  and  b.p.  of  aq.  soln.  of  telluric 
acid  agree  with  measurements  of  the  electrical  conductivity.  Irregularities 
! in  the  b.p.  measurements  indicate  the  formation  of  some  colloidal  telluric  acid. 
The  abnormally  large  values  for  the  temp,  coefi.  of  the  conductivity  show  that  the 
complexity  of  the  solute  changes  with  rise  of  temp.,  so  that  the  more  complex 
modification  which  forms  at  the  higher  temp,  is  more  strongly  ionized.  yl//otelluric 
acid  represents  such  a modification  with  a high  conductivity.  The  fall  in  the 
conductivity  of  soln.  of  telluric  acid  at  25°  continues  until  the  value  is  characteristic 
of  the  crystallized  acid.  The  depolymerization  is  also  shown  by  the  turbidity 
indicating  the  formation  of  a colloidal,  insoluble  modification.  yl/Zotclluric  acid  is 
therefore  supposed  to  be  not  homogeneous,  but  rather  a mixture  of  polymerized 
forms  differing  in  complexity.  J.  O.  Perrine  observed  no  ultra-violet  fluorescence 
when  telluric  acid  crystals  are  exposed  to  X-rays  for  5 hrs.  S.  Ghosh  and  N.  R.  Dhar 
studied  the  viscosity  of  colloidal  soln.  of  telluric  acid. 

According  to  J.  J.  Berzelius,  the  action  of  heat  on  orthotelluric  acid  is  such  that 
it  loses  no  water  at  100° ; and,  according  to  L.  Staudenmaier,  none  at  90° ; but 
P.  Kothner  said  that  the  acid  loses  some  water  when  it  is  dried  on  the  water-bath 
at  100°.  J.  J.  Berzelius  said  that  2 mols.  of  water  are  lost  at  160°,  and  L.  Stauden- 
maier, 2 mols.  at  140°.  A.  Gutbier  found  that  when  the  acid  is  heated  for  half  an 
hour  at  110°-115°,  it  loses  8-00  per  cent,  of  water — one  mol  is  eq.  to  7-84  per  cent.  ; 
and  in  2 hrs.  at  this  temp.  9-14  per  cent,  of  water  is  lost ; when  heated  at  145°, 
until  its  weight  is  constant,  the  acid  loses  13-20  per  cent. ; 17-01  per  cent,  at  170°  ; 
and  when  heated  over  the  bunsen  flame,  30-50  per  cent,  is  lost.  This  corresponds 
with  the  transformation  of  orthotelluric  acid  to  tellurium  dioxide.  A.  Gutbier 
found  that  the  lowering  of  the  freezing  point  of  water  by  the  soln.  of  0-3242  grm.  of 
telluric  acid  in  20-1388  grins.-  of  solvent  is  0-140°,  so  that  the  mol.  wt.  of  the  acid 
is  218-5.  The  theoretical  value  for  H6Te06  is  229,  and  for  H2Te04,  193-6.  From 
(i)  the  lowering  of  the  f.p.  of  aq.  soln.  ; (ii)  the  behaviour  of  the  acid  when  heated  ; 
(iii)  the  ready  passage  of  the  hydrate  H2Te04.6H20  or  H6Te06.3H20  into  H6Te06  ; 
and  (iv)  the  fact  that  unlike  acids  of  the  type  H6Te04,  telluric  acid  it  is  not  esterifi- 
able,  A.  Gutbier  inferred  that  both  mols.  of  water  in  the  hydrate  H2Te04.2H20 
are  constitutional  so  that  the  formula  is  H6TeOfl,  or  Te(OH)e.  The  powdered  acid 
was  found  by  L.  Staudenmaier,  and  P.  Kothner  to  lose  no  water  over  phosphorus 
pentoxide  in  vacuo.  W.  G.  Mixter  gave  for  the  heat  of  formation  (Te, 30)  =83-6 
Gals.  According  to  R.  Metzner,  the  heat  of  solution  of  the  ortho-acid  is  — 3-35 
Cals. ; but  the  heats  of  soln.  of  the  meta-acid,  and  of  the  anhydride  could  not  be 
determined.  A.  Gutbier  found  the  heat  of  neutralization  per  mol  is  13-38  Cals. 
F.  Urban  and  V.  W.  Meloche  used  the  refractometer  for  measuring  the  concentration 
of  soln.  of  telluric  acid.  H.  Nisi  studied  the  Raman  effect  with  the  tellurates. 

A.  Rosenheim  and  G.  Jander  found  the  mol.  electrical  conductivity, /a,  of  aq. 
soln.  containing  a mol  of  H2Te04  in  v litres  of  water  at  25°  to  be  : 

o . 4 8 16  32  64  128  256  513  1024 

M . 0-1902  0-1984  0-2029  0-2119  0-2245  0-2611  0-3131  0-4460  0-6913 
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Measurements  of  the  H-ion  concentration  of  the  normal  acid  gave  [H']=4  X 10'  5 
gram-ion  per  litre  at  25°.  Assuming  that  the  acid  ionizes  in  accord  with  H6TeOe 
=II‘+H5Te06',  this  gives  I?=l-6xl0— 4 for  the  ionization  constant.  Hence, 
orthotelluric  acid  is  a very  weak  acid  approximating  boric  and  hydrocyanic  acids. 
This  is  in  agreement  with  the  low  values  for  the  mol.  conductivity.  A.  Miolati 
and  E.  Mascetti  also  followed  the  conductivity  of  the  acid  while  being  treated  with 
progressive  additions  of  sodium  hydroxide.  Measurements  were  also  made  by 
A.  Gutbier.  E.  Blanc  obtained  for  the  ionization  constants  K1=f>  X 10-7,  and 
K2=4:  X 10-11.  As  J.  J.  Berzelius  showed,  telluric  acid  is  a feeble  acid  for  it  reddens 
blue  litmus  very  feebly  ; and  A.  Gutbier  said  that  its  acidity  is  about  the  same  order 
as  that  of  hydrogen  sulphide  or  cyanide.  K.  B.  Heberlein,  and  A.  Gutbier  said 
that  telluric  acid  is  so  weak  an  acid  that  it  cannot  be  titrated  in  the  ordinary  way,  but 
with  phenolphthalein  in  the  presence  of  glycerol,  K.  B.  Heberlein  said  that  it  can 
be  titrated  with  sodium  or  potassium  hydroxide  soln.  D.  D.  Karve  said  that  ordinary 
telluric  acid  is  inactive  towards  ethyl  diazoacetate,  and  the  indicator  dimethyl- 
aminoazobenzene,  and  hence  possesses  the  formula  of  a true  acid,  Te(OH)6 ; allo- 
telluric  acid  is  also  a true  acid  ; but  the  so-called  metatelluric  acid  behaves  like  a 
pseudo-acid  so  that  its  constitution  is  0=Te(0H)2=0.  F.  Jirsa  studied  the  effect 
of  telluric  acid  on  the  potential  of  the  silver  anode.  A.  Oppenheim  said  that  the 
ortho-acid  is  diamagnetic. 

Ortho-telluric  acid,  said  J.  J.  Berzelius,  has  a metallic  not  an  acid  taste. 
A.  Oppenheim  found  that  the  tellurates  are  reduced  to  tellurides  when  heated  with 
hydrogen.  Orthotelluric  acid  is  soluble  in  hot  and  cold  water  ; and  F.  Mylius’ 
observations  on  the  solubility  are  indicated  above,  Fig.  42.  If  the  aq.  soln.  be 
evaporated  on  a water-bath  to  a syrupy  consistency,  the  soln.  crystallizes  on  cooling  ; 
but  if  it  be  evaporated  to  dryness,  an  opaque,  non-crystalline  or  glassy  mass  is 
produced  which  J.  J.  Berzelius  found  to  dissolve  in  water  very  slowly.  A.  Gutbier 
made  a similar  observation  ; and  F.  Mylius  found  that  the  slow-dissolving  telluric 
acid  is  produced  when  orthotelluric  acid  is  treated  with  cone,  sulphuric  acid  at  60° 
to  90°.  F.  Mylius  observed  that  the  soln.  have  a great  tendency  to  supersaturation 
during  cooling.  A.  Gutbier  and  F.  Flury  observed  that  when  aq.  soln.  of  telluric 
acid  are  evaporated,  a turbidity  may  be  produced,  but  the  suspension  is  so  fine  that 
it  easily  passes  through  a filter.  The  telluric  acid  may,  however,  separate  as  a 
gelatinous,  voluminous  mass.  This  substance  has  been  dried  in  a desiccator  and 
by  heating  at  various  temp.,  but  no  proof  could  be  found  of  the  existence  of  the 
telluric  acid  H2Te04.  The  results  obtained  indicate  that,  besides  telluric  acid, 
H6Te06,  and  its  known,  easily-soluble  hydrate,  there  exist  other •difficultly-soluble 
hydrates,  which  all,  however,  lose  water  easily  when  heated,  and  give  tellurium 
dioxide  as  the  final  residue.  P.  Kothner  said  that  telluric  acid  volatilizes  with 
steam  when  boiled  with  water  ; but  A.  Gutbier  denied  this.  The  sat.  aq.  soln. 
was  found  by  L.  Staudenmaier  to  give  a precipitate  of  the  ortho-acid  when  treated 
with  nitric  acid  ; and  J.  J.  Berzelius  obtained  a similar  result  by  the  addition  of 
alcohol.  J.  J.  Berzelius  found  that  telluric  acid  dissolved  in  cold,  cone,  hydrochloric 
acid  can  be  evaporated  at  ordinary  temp,  without  changing  the  telluric  acid,  but  at 
40°-45°,  chlorine  is  evolved  and  the  telluric  acid  is  reduced  to  tellurium  dioxide. 
F.  A.  Gooch  and  J.  Howland  found  that  telluric  acid,  in  dil.  sulphuric  acid  soln., 
is  reduced  to  tellurium  dioxide  and  tellurium  by  hydriodic  acid,  and  to  tellurium 
bv  hydrobromic  acid  in  boiling  soln.  E.  B.  Benger  found  that  with  sulphur,  in  a 
sealed  tube  at  110°,  a 30  per  cent.  aq.  soln.  of  telluric  acid  is  incompletely  reduced  ; 
with  selenium,  under  similar  conditions,  tellurous  and  selenious  acids  are  formed ; 
and  with  tellurium,  tellurous  acid  is  produced.  The  reducing  action  of  hydrogen 
sulphide  has  been  previously  discussed  ; the  reaction  was  studied  by  A.  Oppenheim, 
F.  Becker,  B.  Brauner,  L.  Staudenmaier,  A.  Gutbier  and  co-workers,  and 
E.  B.  Benger — vide  infra,  tellurium  sulphides.  B.  Brauner  found  that  sulphur 
dioxide  in  a sealed  tube  with  an  aq.  soln.  of  telluric  acid  reduces  it  only  partially 
to  tellurium.  E.  B.  Benger  obtained  confirmatory  results.  O.  Brunck  found  that 
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telluric  acid  or  tellurates  are  reduced  to  tellurium  by  sodium  hyposulphite. 
A.  Gutbier  and  F.  Flury  found  that  a mixture  of  telluric  acid  or  its  salts  with 
ammonium  Chloride  behaves,  when  heated,  like  the  mixture  with  ammonium  chloride 
and  tellurium  dioxide  (q.v.).  P.  Jannasch  and  M.  Muller  found  that  hydrazine 
sulphate  precipitates  tellurium  in  hydrochloric  acid  soln.,  but  not  so  with  nitric 
acid  soln.  The  precipitation  is  quantitative  when  ammoniacal  soln.  are  treated 
with  hydrazine  or  hydroxylamine.  A.  Gutbier  found  that  hydrazine  hydrate,  or 
phenylhydrazine  assisted  by  heat  reduces  telluric  acid  quantitatively  to  tellurium  ; 
likewise  also  hypophosphorous  acid.  R.  F.  Weinland  and  H.  Prause  also  found 
that  the  tellurates  form  complex  salts  with  phosphates  and  arsenates — vide  infra. 
J.  J.  Berzelius  said  that  tellurates  are  reduced  with  feeble  detonation  when  heated 
with  carbon,  and  tellurides  are  formed.  J.  J.  Berzelius  found  that  when  a tellurate 
is  heated  to  redness  with  potassium,  potassium  telluride  is  formed,  but  not  so  with 
silver  and  zinc  tellurates.  Although  telluric  acid  is  so  feeble  an  acid,  E.  B.  Hutchins 
found  that  a hot  cone.  soln.  will  attack  arsenic,  antimony  and  bismuth,  as  well  as 
many  other  metals — e.g.  silver,  zinc,  cadmium,  mercury,  aluminium,  tin,  lead,  and 
nickel.  F.  W.  Clarke  said  that  thallium  is  not  attacked  by  a boiling  soln.  of  telluric 
acid.  F.  Hundeshagen  found  that  soluble  gold  chloride  is  produced  by  the  action 
of  gold  on  a hydrochloric  acid  soln.  of  telluric  acid. 

According  to  J.  J.  Berzelius,  metatelluric  acid,  H2Te04,  is  formed  by  heating 
the  higher  hydrate  to  160°  when  the  crystals  are  converted  without  change  of  form 
into  an  opaque  mass  which  is  yellow  when  hot,  and  white  when  cold.  L.  Stauden- 
maier  found  that  the  dehydration  begins  at  140°,  and  is  at  first  rapid,  then  so  slow 
that  a week  is  not  sufficient  for  the  dehydration.  At  a higher  temp.,  some  telluric 
acid  is  decomposed.  A.  Gutbier  could  not  prepare  metatelluric  acid  ; he  assumed 
that  it  does  not  exist ; the  colourless  telluric  acid  of  J.  J.  Berzelius,  and  the  yellow 
telluric  acid  of  B.  Brauner  are  said  to  be  mixtures  of  tellurium  trioxide  and  ortho- 
telluric  acid.  K.  B.  Heberlein  stated  that  if  ordinary  crystalline  telluric  acid  be 
heated  in  a current  of  water  vapour  to  200°-210°,  the  product  is  99  per  cent.  H2Te04. 
According  to  F.  W.  Clarke,  the  sp.  gr.  of  the  white,  flocculent  metatelluric  acid 
is  3-42  at  18-8°,  3-46  at  19-1°,  and  3-44  at  19-2°.  J.  J.  Berzelius,  and  L.  Stauden- 
maier  said  that  if  the  meta-acid  be  heated  below  redness,  it  gives  off  wa‘ter  forming 
tellurium  trioxide  ; and  at  a red-heat,  it  is  resolved  into  water,  oxygen,  and 
tellurium  dioxide.  L.  Staudenmaier  said  that  when  heated  in  a current  of  hydrogen, 
it  is  reduced  to  tellurium,  slowly  at  300°,  rapidly  at  a red-heat.  J.  J.  Berzelius 
found  that  the  meta-acid  is  very  slowly  but  completely  soluble  in  cold  water,  and 
is  quickly  dissolved  by  hot  water. 


Table  I. — Reactions  of  Allotelluric  and  Orthotelluric  Acids. 


Reagents,  etc. 

Orthotelluric  acid. 

Allotelluric  acid. 

Taste  .... 

Sweet,  metallic 

Acidic 

Alcohol 

White  pp.  H6Te06 

No  pp. 

Congo  red  .... 

Red 

Blue 

N-NaOH  .... 

No  pp. 

White  pp.  soluble  in  excess 

Sod.  carb.  .... 

No  pp. 

White  pp.  not  soluble  in 
excess. 

Sod.  silicate 

No  pp. 

White  pp. 

N-KOH  .... 

Soluble  pp. 

Sparingly  soluble  pp. 

Pot.  carb.  .... 

Soluble  pp. 

Sparingly  soluble  pp. 

Aq.  ammonia 

Soluble  pp. 

Sparingly  soluble  pp. 

Guanidine  carbonate  . 

No  pp. 

White  pp. 

Albumin  .... 

No  pp. 

White  pp. 

Separation  of  sulphur;  brown 

Sodium  thiosulphate 

No  pp.  at  first. 

pp. 

F.  Mylius  found  that  when  orthotelluric  acid,  H6Te06,  is  heated  to  140°  it  is 
converted  into  what  he  called  allotelluric  acid  ; and  this  is  thought  to  be  trimeta- 
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telluric  acid,  (H2Te04)3.  It  fuses  at  ordinary  temp,  giving  a sticky,  colourless  mass 
which  is  miscible  with  water  in  all  proportions.  In  the  course  of  some  months’ 
contact  with  water,  it  furnishes  crystals  of  orthotelluric  acid.  A comparison  of  the 
behaviour  of  allotelluric  and  orthotelluric  acids  towards  some  reagents  is  indicated 
in  Table  I.  The  albumin  reaction  with  allotelluric  acid  is  sensitive  to  one  part 
of  the  acid  in  5,000  parts  of  water.  Cryoscopic  determinations  of  aq.  soln.  show  that 
the  mol.  wt.  corresponds  with  (H2Te04)2.9.  The  action  of  water  is  slowly  tp 
resolve  the  complex  into  simpler  mols.  as  in  the  analogous  case  of  the  polymeta- 
phosphoric  acids.  The  conductivity  of  allotelluric  acid  is  five  times  as  great  as 
that  of  orthotelluric  acid  and  allotelluric  acid  is,  therefore,  much  the  stronger  acid. 
The  electrical  conductivity  of  a soln.  of  0-089  grm.  (H2Te04)n  per  c.c.  of  water, 
initially  /T =0-0040,  falls  rapidly  to  0-000071  in  the  course  of  a few  days.  D.  Karve 
said  that  the  absorption  spectra  agree  with  the  assumption  that  ordinary  telluric 
acid  is  Te(OH)6 ; that  metatelluric  is  a pseudo-acid  of  the  constitution  (H0)2Te02; 
and  allotelluric  acid  is  a true  acid,  H2Xe04. 

According  to  R.  Metzner,  if  a soln.  of  tellurium  dioxide  in  orthotelluric  acid  be  slowly- 
evaporated  large  prisms  of  orthotelluric  acid,  and  small  opaque,  white  spheres  composed  of 
small  acicular  crystals,  of  the  composition  teUuroaic  oxide,  2Te02.Te03,  or  tellurium  trita- 
lieptoxide,  Te307,  or  telluryl tellurite,  Te0(Te03)2,  are  formed.  V.  LenherandE.  Wolesensky 
also  observed  that  in  the  oxidation  of  potassium  pyrotellurite,  the  potassium  tellurosate, 
K,0.Te03.Te02,  is  formed  as  an  intermediate  compound. 
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§ 11.  The  Tellurates 

What  are  called  the  normal  tellurates  appear  as  salts  of  metatelluric  acid,  H2Te04, 
whilst  salts  of  the  orthotelluric  acid,  H0TeO6,  appear  as  orthotellurates — e.g.  Cu3Te06, 
Ag6Te06,  Zn3Te06,  and  Hg3Te06.  There  are  also  salts  of  the  hypothetical 
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pyroldluric  acid,  H2Te207 ; and  of  the  hypothetical  tetratelluric  acid,  H2Te4013. 
The  normal  tellurates,  K2Te04.2H20,  Ag2Te06.2H20,  etc.,  may  really  be  ortho- 
tellurates,  K2H4Te06  and  Ag2H4Te06)  respectively. 

J.  J.  Berzelius  1 prepared  normal  ammonium  tellurate,  (NH4)2.Te04,  by  the 
action  of  solid  aq.  ammonia  on  powdered  telluric  acid ; the  white  glutinous  magma 
dissolves  on  boiling  the  mixture,  and  on  cooling  the  clear  soln.  becomes  turbid,  but 
clarifies  as  white  flakes  and  granules  of  this  salt  are  deposited.  That  which  remains 
in  soln.  may  be  precipitated  by  adding  ammonium  chloride,  and  afterwards  alcohol. 
The  precipitate  is  washed  with  alcohol,  which  exerts  a slight  solvent  (peptizing) 
action  as  the  ammonium  chloride  is  washed  away.  The  salt  is  also  obtained  by 
cooling  a boiling  ammoniacal  soln.  of  normal  potassium  tellurate  in  ammonium 
chloride.  F_  W.  Clarke  gave  3-024  for  the  sp.  gr.  of  the  salt  at  24-5°,  and  3-012,  at 
25°.  J.  J.  Berzelius  said  that  the  white  powder  dissolves  completely  in  water — 
slowly  if  cold,  rapidly  if  boiling.  According  to  A.  Gutbier,  a boiling  aq.  soln.  of 
ammonium  tellurate — obtained  by  the  action  of  aq.  ammonia  on  orthotelluric  acid 
— gives  a white  precipitate  with  sodium  chloride  but  not  with  potassium  chloride. 
J.  J.  Berzelius  obtained  ammonium  hydrotellurate,  (NH4)HTe04,  by  adding 
ammonium  chloride  to  a sat.  soln.  of  the  corresponding  sodium  salt.  No  precipitate 
is  obtained  if  the  potassium  salt  is  employed.  The  precipitate  adheres  to  the 
glass  as  a glutinous  mass  which  dissolves  with  difficulty  in  water  ; and  when  boiled 
with  water  in  open  vessels,  ammonia  is  evolved.  If  heated  with  water  in  a closed 
vessel,  it  partly  melts  to  a white  mass  which  solidifies  on  cooling,  and  part  dissolves 
in  the  water  but  separates  out  on  cooling.  J.  J.  Berzelius  also  reported  ammonium 
hydropyrotellurate,  (NH4)HTe207,  to  be  formed  by  adding  ammonium  chloride 
to  the  corresponding  sodium  salt.  The  addition  of  alcohol  facilitates  the  precipita- 
tion of  the  salt  which  is  then  washed  with  alcohol.  If  a soln.  of  the  hydrotellurate 
is  left  to  evaporate  spontaneously,  or  by  the  aid  of  a gentle  heat,  the  hydropyro- 
tellurate  remains  as  a gummy  film.  The  salt  fuses  with  intumescence  when  heated, 
and  water  is  given  off.  The  salt  is  slightly  soluble  in  water.  The  colloidal  nature 
I of  the  ammonium  tellurates  was  discussed  by  A.  Rosenheim  and  G.  Jander — vide 
infra,  lithium  tellurates.  C.  Ewald  made  a number  of  complex  organic  tellurates. 

J.  J.  Berzelius  prepared  normal  lithium  tellurate,  Li2Te04.wH20,  as  a gum-like 
mass  on  evaporating  the  aq.  soln.  of  telluric  acid  mixed  with  the  required  proportion 
of  lithium  hydroxide.  F.  Mylius  obtained  what  was  probably  lithium  orthotellur  ate, 
Li4H2Te06.7H20  by  sat.  a cone.  soln.  of  orthotelluric  acid  with  lithium  hydroxide. 
The  sparingly-soluble  salt  is  hydrolyzed  by  water.  J.  J.  Berzelius  prepared  lithium 
hydrotellurate,  LiHTe04.nH20,  as  a gummy  mass  by  evaporating  a mixture  of 
telluric  acid  and  lithium  hydroxide.  A soln.  of  4 mols  of  orthotelluric  acid,  and 
a mol  of  lithium  carbonate  in  water,  when  spontaneously  evaporated  yields  lithium 
hydropyrotellurate,  LiHTe207.wH20,  which,  when  heated  to  100°  forms  insoluble 
lithium  tetratellurate,  Li2Te4013.  A.  Rosenheim  and  G.  Jander  showed  that  the 
lithium  salts  behave  in  many  ways  like  the  free  acid — (i)  they  have  no  definite 
solubility  in  water ; (ii)  the  quantity  of  water  which  the  crystals  contain  varies 
' according  to  the  cone,  of  the  liquid  from  which  they  are  deposited  ; and  (iii)  they 
undergo  dehydration  without  any  appreciable  change  in  their  appearance.  In 
these  and  other  respects  the  salts  resemble  colloids — (i)  they  not  only  adsorb  water, 
but  (ii)  the  lithium  salts  and  basic  salts  behave  like  adsorption  compounds  of  telluric 
acid  and  lithium  hydroxide. 

J.  J.  Berzelius  fused  tellurium  dioxide  with  sodium  nitrate  and  obtained  a sodium 
! tellurate — vide  potassium  tellurate.  According  to  F.  Mylius,  what  appears  to  be 
sodium  dihydrorthotellurate,  Na4H2Te067H20,  was  obtained  in  slender,  felted 
needles  by  supersaturating  a cone.  soln.  of  telluric  acid  with  sodium  hydroxide.  It 
is  hydrolyzed  by  water  to  sodium  tellurate,  Na2Te04.2H20,  which  may  be  sodium 
tetrahydrorthotellurate,  Na2H4Te06.  This  salt  was  prepared  by  J.  J.  Berzelius, 
i He  found  that  the  dihydrate  separates  from  a soln.  of  telluric  acid  in  hot  soda-lye 
partly  on  cooling  and  partly  on  the  addition  of  alcohol.  It  is\also  obtained  by 
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evaporating  to  dryness,  below  100°,  a soln.  of  equimolar  parts  of  telluric  acid  and 
sodium  carbonate,  so  as  to  get  rid  of  all  the  carbon  dioxide,  hence,  sodium  hydroxide 
is  now  used  instead  of  the  carbonate.  The  salt  was  also  prepared  and  analyzed  by 
A.  Gutbier.  The  crystals  of  the  salt  do  not  part  with  all  water  until  they  are  nearly 
at  a red-heat.  The  salt  is  sparingly  soluble  iii  cold  and  hot  water,  and  it  does  not 
separate  on  cooling  the  hot  soln.  ; but  if  sodium  hydroxide  be  added  to  the  soln., 
the  tellurate  separates  in  grains.  The  evaporation  of  the  aq.  soln.  on  a water-bath 
leaves  a soluble,  soft,  gummy  mass  which  when  dried  is  but  sparingly  soluble. 
F.  Mylius  said  that  the  salt  furnishes  doubly  refracting  six-sided  plates  ; and  that 
at  18°,  100  parts  of  water  dissolve  about  0-77  part  of  salt,  and  at  100°,  about  2-0 
parts.  R.  Funk  made  some  observations  on  the  solubility  of  the  salt.  W.  G.  Mixter 
gave  for  the  heat  of  formation  (Na20,Te03)=124-3  Cals.  A.  Miolati  and 

E.  Mascetti  found  that  the  mol.  electrical  conductivity,  p,  of  a mol  of  Na2Te04 
is  v litres,  at  25°,  is 

v . .32  64  128  256  512  1024 

!i  . . 90-65  94-83  98-33  100-5  103-9  107-6 

F.  Mylius  said  that  the  aq.  soln.  has  an  alkaline  reaction,  and  is  decomposed  by 
carbon  dioxide.  E.  Blanc  calculated  the  percentage  hydrolysis  of  a 0-0093 AT-soln. 
to  be  13-97.  J.  J.  Berzelius  added  that  the  salt  dehydrated  below  a red-heat 
remains  white  when  hot,  and  dissolves  in  hot,  dil.  nitric  acid,  but  in  cold  or  hot  water 
is  peptized  to  a turbid  liquid.  According  to  F.  Mylius,  the  tetrahydrate, 
Na2Te04.4H20,  is  formed  in  prismatic  crystals  from  a 30  per  cent.  soln.  of  telluric 
acid  sat.  with  sodium  hydroxide.  It  is  more  soluble  than  the  dihydrate — 100  parts 
of  water  dissolve  about  1-43  parts  of  salt  at  18°,  and  at  50°,  about  2-5  parts.  The 
salt  in  contact  with  water  passes  into  the  dihydrate  in  a few  weeks  at  ordinary 
temp.,  and  in  a few  hrs.  at  60°.  The  tetrahydrate  recalls  the  corresponding 
hydrate  of  sodium  chromate ; the  decahydrate  could  not  be  prepared  by  F.  Mylius,  or 
R.  Funk.  A.  Rosenheim  and  G.  Jander  made  similar  observations  with  respect  to 
the  colloidal  nature  of  the  sodium  tellurates  as  of  the  lithium  tellurates — vide  supra. 

According  to  J.  J.  Berzelius,  sodium  hydrotellurate,  NaHTe04.l£H20,  is 
obtained  by  dissolving  telluric  acid  in  a boiling  soln.  of  sodium  carbonate  and 
adding  acetic  acid  after  cooling.  The  salt  first  precipitated  is  redissolved,  and  when 
the  soln.  is  evaporated  to  dryness  leaves  a mixture  of  acetate  and  hydrotellurate — 
the  acetate  can  be  extracted  with  alcohol.  The  hydrotellurate  is  slowly  but  com- 
pletely soluble  in  water,  and  when  the  soln.  is  spontaneously  evaporated,  it  forms 
a gummy  mass,  which  becomes  milk-white  when  heated,  and  the  product  dissolves 
very  slowly  in  water.  When  dehydrated  by  heat  the  hydrotellurate  furnishes  a 
mixture  of  soluble  pyrotellurate  and  very  sparingly  soluble  tellurate.  The  hydro- 
tellurate is  also  produced  from  a soln.  of  2 mols  of  telluric  acid,  and  a mol  of  sodium 
carbonate.  E.  Blanc  found  that  0-117  per  cent,  of  the  salt  is  hydrolyzed  in 
a 0-00932V-soln.  A soln.  of  four  mols  of  orthotelluric  acid,  and  a mol  of  sodium 
carbonate  furnishes  a gummy  mass  of  sodium  hydropyrotellurate,  NaHTe207, 
when  spontaneously  evaporated.  When  heated,  it  furnishes  insoluble  sodium 
tetratellurate,  Na2Te4013. 

C.  F.  Rammelsberg,  J.  W.  Retgers,  L.  Staudenmaier,  and  A.  Gutbier  could  not 
prepare  the  crystallized,  anhydrous  potassium  tellurate,  K2Te04,  of  A.  Handl  and 
V.  von  Lang,  isomorphous  with  potassium  sulphate  ; potassium  tellurate  shows  no 
inclination  to  form  isomorphous  mixtures-  with  potassium  sulphate  or  selenate. 
J.  J.  Berzelius  obtained  the  pentahydrate,  K2Te04.5H20,  from  a soln.  of  telluric 
acid  and  potassium  hydroxide.  The  soft,  glutinous  mass  dissolves  on  the  applica- 
tion of  a moderate  heat,  and  on  cooling  the  soln.  to  0°,  the  pentahydrate  crystallizes 
out  completely  provided  the  alkali-lye  is  not  too  dil.  The  crystals  are  washed  with 
alcohol.  If  the  alkali-lye  is  too  dilute,  the  salt  does  not  separate  until  alcohol  is 
added.  If  the  alcohol  is  added  in  small  portions  at  a time,  the  salt  separates  in 
oily  drops  which  afterwards  crystallize  ; if  a large  quantity  of  alcohol  is  added  at 
once,  crystals  of  the  salt  separate  out  immediately.  The  salt  was  also  obtained 
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by  J.  J.  Berzelius  by  evaporating  to  dryness  a soln.  of  equimolar  parts  of  telluric 
acid  and  potassium  carbonate  ; but  E.  B.  Hutchins  added  that  the  process  gives 
a poor  result  because  the  telluric  acid  does  not  drive  out  the  carbon  dioxide  from 
an  eq.  amount  of  potassium  carbonate.  The  salt  was  obtained  by  the  double 
decomposition  of  silver  tellurate  and  potassium  bromide  dissolved  in  a little  warm 
water,  and  slowly  evaporating  the  liquid  in  air  free  from  carbon  dioxide.  The 
analyses  of  A.  Gutbier,  L.  Staudenmaier,  J.  J.  Berzelius,  and  E.  B.  Hutchins  agree 
with  the  formula  K2Te04.5H20  ; and  this  salt  was  found  to  be  produced  at  ordinary 
temp,  from  neutral  or  slightly  alkaline  soln.  According  to  J.  W.  Retgers,  with  cone, 
soln.  of  potassium  hydroxide,  doubly  refracting  crystals  of  the  dihydrate, 
K2Te04.2H20,  are  produced  ; and  A.  Gutbier,  and  E.  B.  Hutchins  obtained  crystals 
of  the  dihydrate  from  a soln.  of  orthotelluric  acid  in  a boiling,  cone.  soin.  of 
potassium  hydroxide.  According  to  J.  J.  Berzelius,  the  pentahydrate  furnishes 
prismatic  crystals  which,  according  to  L.  Staudenmaier,  belong  to  the  monoclinic 
system.  J.  J.  Berzelius  found  that  the  pentahydrate  when  heated  gives  off  water 
and  sinters  to  a white  mass  ; and  A.  Gutbier  added  that  at  200°,  water  and  oxygen 
are  given  off,  and  tellurite  is  formed.  According  to  J.  J.  Berzelius,  when  the 
crystals  of  the  pentahydrate  are  exposed  to  air,  they  become  moist  without 
deliquescence  forming  a mixture  of  hydrotellurate  and  carbonate.  The  salt  is 
soluble  in  water  but  not  in  alcohol.  A small  proportion  of  one  of  the  stronger 
acids  added  to  the  aq.  soln.  precipitates  the  hydrotellurate  ; a larger  proportion  of 
acid  precipitates  the  pyrotellurate  ; while  a still  larger  proportion  of  acid  removes 
all  the  alkali  forming  a clear  soln.  If  the  acid  be  acetic  acid,  the  evaporation  of  the 
clear  soln.  furnishes  a mixture  of  potassium  acetate  and  tellurate.  A.  Rosenheim 
and  G.  Jander  made  similar  observations  with  respect  to  the  colloidal  nature  of  the 
potassium  tellurates  as  were  made  in  the  case  of  the  lithium  tellurates — vide  supra. 
C.  Hugot  found  that  potassium  tellurate  suspended  in  dil.  hydrochloric  acid,  and 
treated  with  zinc,  or  suspended  in  dil.  alkali-lye,  and  treated  with  aluminium, 
furnishes  tellurium. 

According  to  J.  J.  Berzelius,  potassium  hydrotellurate,  KHTe04.l|H20,  is 
formed  from  a soln.  of  the  correct  proportion  of  potassium  carbonate  in  orthotelluric 
acid  evaporated  at  ordinary  temp.  ; by  cooling  a boiling  soln.  of  2 mols  of  ortho- 
telluric acid  and  a mol  of  potassium  carbonate;  while  the  exposure  of  a soln.  of 
the  normal  tellurate  to  air  results  in  the  deposition  of  the  hydrotellurate,  and, 
added  E.  B.  Hutchins,  this  salt  is  precipitated  on  passing  carbon  dioxide  into  an 
aq.  soln.  of  the  normal  salt — an  excess  of  the  carbon  dioxide  does  no  harm. 
J.  J.  Berzelius  also  obtained  the  hydrotellurate  by  evaporating  to  dryness  a soln. 
of  the  normal  tellurate  in-  acetic  acid,  and  washing  out  the  acetate  with  alcohol 
of  sp.  gr.  0-85.  He  also  obtained  the  salt  by  fusing  tellurium  dioxide  with  potassium 
nitrate  to  a clear  liquid  ; digesting  the  cold  mass  with  boiling  water  to  remove 
nitrites  and  nitrates  ; and  dissolving  the  residue  in  boiling  water— it  does  not 
dissolve  in  water  holding  nitrate  in  soln.  When  the  hot  soln.  is  cooled,  crystals 
of  the  hydrotellurate  are  deposited.  The  higher  the  fusion  temp,  the  greater  the 
proportion  of  tellurite  mixed  with  the  tellurate.  This  process,  added  J.  J.  Berzelius, 
sometimes  yields  a product  which  is  insoluble  in  boiling  water,  acids,  or  soln.  of 
alkalies ; it  is  white  when  cold,  yellow  when  hot,  and  when  heated  fuses  giving  off 
oxygen  and  forming  potassium  pyrotellurite.'  E.  B.  Hutchins’  analysis  of  the 
hydrotellurate  corresponds  with  . K20.2Te03.4H20.  The  salt  has  an  alkaline 
reaction,  and  it  has  a metallic,  slightly  alkaline  taste.  When  heated,  it  gives  off 
water,  turns  yellow,  and  at  a higher  temp. — below  redness — fuses  forming  normal 
tellurate  and  tetratellurate : 6KHTe04=2K2Te04+K2Te4013+3H20 — the  tel- 
lurate can  be  extracted  by  water.  The  hydrotellurate  is  sparingly  soluble  in  cold 
water,  but  more  soluble  in  hot  water. 

J.  J.  Berzelius  prepared  potassium  hydropyrotellurate,  KHTe207.HH20,  by 
slowly  cooling  a boiling  soln.  of  4 mols  of  orthotelluric  acid  and  a mol  of  potassium 
carbonate.  E.  B.  Hutchins’  analysis  agree  with  K20.4Te03.4H20.  J.  J.  Berzelius 
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found  that  this  salt  is  precipitated  when  nitric  acid  is  added  to  an  aq.  soln.  of 
the  normal  tellurate  : and,  as  indicated  above,  it  is  formed  by  adding  nitric  acid 
to  the  aq.  soln.  obtained  as  above  by  fusing  tellurium  dioxide  and  potassium 
nitrate.  The  white,  pulverulent  salt  loses  7-5  per  cent,  of  water  at  a gentle  heat, 
but  retains  0T5  per  cent. ; it  then  turns  yellow  and  forms  the  tetratellurate ; and 
at  a higher  temp.,  it  gives  off  7-71  per  cent,  of  oxygen  leaving  potassium  tellurite 
behind.  The  salt  is  slightly  soluble  in  water  ; when  crystallized  from  its  aq.  soln., 
some  hydrotellurate  is  formed  ; if  the  water  contains  other  salts  in  soln.,  this 
decomposition  does  not  occur.  E.  B.  Hutchins  prepared  potassium  tritellurate, 
K2Te3Ojo.5H.2O,  by  evaporating  a soln.  of  a mol  of  potassium  carbonate,  and  4 mols 
of  telluric  acid.  It  furnishes  a white,  granular  mass  which  is  much  more  soluble 
in  hot  than  in  cold  water  ; the  aq.  soln.  has  an  alkaline  reaction.  J.  J.  Berzelius 
prepared  potassium  tetratellurate,  K2Te4013,  by  calcining  the  hydropyrotellurate  ; 
by  very  gently  heating  tellurium  dioxide  with  potassium  chlorate,  and  extracting 
the  product  with  water  to  remove  potassium  chloride  and  chlorate  ; by  the  action 
of  chlorine  on  a hot  soln.  of  potassium  tellurite,  and  washing  the  product  with 
water  ; and  also  by  heating  orthotelluric  acid  with  potassium  nitrate  and  chloride 
below  redness,  and  washing  with  water.  The  yellow  powder  is  insoluble  at  ordinary 
temp,  in  water,  dil.  mineral  acids,  and  potash-lye  ; it  slowly  dissolves  in  boiling 
nitric  acid,  and  rapidly  in  molten  potash-lye. 

J.  F.  Norris  and  W.  A.  Kingman  prepared  rubidium  tellurate,  Rb2Te04.3H20, 
by  evaporating  in  vacuo  over  sulphuric  acid,  a soln.  of  orthotelluric  acid  mixed  with 
a 25  per  cent,  excess  of  rubidium  hydroxide.  The  colourless  prisms  with  pyramidal 
ends  dissolve  in  ten  times  their  weight  of  water.  The  salt  is  decomposed  by  carbon 
dioxide  so  that  it  cannot  be  made  from  orthotelluric  acid  and  rubidium  carbonate. 
If  a soln.  of  rubidium  carbonate  and  telluric  acid  in  calculated  quantities  be 
evaporated,  rubidium  hydrotellurate,  RbHTe04AH2Q,  is  formed.  It  is  not 
isomorphous  with  the  corresponding  hydroselenate ; 100  parts  of  cold  water 
dissolve  about  5 parts  of  the  salt ; the  salt  is  more  soluble  in  hot  water.  G.  Pellini 
mixed  nearly  sat.  aq.  soln.  of  rubidium  hydrotellurate  and  hydroselenate,  in  various 
proportions,  and  on  evaporating  the  mixed  soln.  at  50°-80°  until  they  deposited 
crystals  on  cooling,  obtained  mixed  crystals  of  the  two  salts  containing  from  42 
to  53  mols.  per  cent,  of  the  selenate.  With  soln.  still  richer  in  selenate,  crystals 
containing  up  to  100  per  cent,  selenate  can  be  obtained.  There  is,  however,  a 
limit  to  the  proportion  of  tellurate  in  the  mixed  crystals  since  all  soln.  containing 
more  than  about  50  molar  per  cent,  of  the  tellurate  deposit  the  latter  in  the  pure 
state.  With  mixed  soln.  of  rubidium  hydrosulphate  and  hydrotellurate,  the 
results  can  be  interpreted  on  the  assumption  that  a complex  salt,  RbHS04.RbHTe04, 
is  formed  ; but  there  is  also  a tendency  to  form  solid  soln.  J.  F.  Norris  and 
W.  A.  Kingman  prepared  by  an  analogous  process,  csesium  hydrotellurate, 
CsHTe04.-|H20,  which  is  produced  in  small  cubic  crystals,  less  soluble  than 
those  of  the  rubidium  salt — 100  parts  of  water  dissolve  about  3-33  parts  of 
the  salt. 

J.  J.  Berzelius  described  the  green  flocculent  precipitate  obtained  by  mixing 
soln.  of  potassium  tellurate  and  copper  nitrate  as  normal  copper  tellurate,  CuTe04. 
E.  B.  Hutchins  showed  that  if  the  precipitate  be  boiled  for  some  hours  with  water, 
it  forms  copper  orthotellurate,  Cu3Te06,  which  settle's  as  a heavy  green  powder. 
It  is  insoluble  in  water  but  soluble  in  aq.  ammonia,  a soln.  of  potassium  cyanide, 
and  in  acetic,  hydrochloric,  or  nitric  acid.  No  success  attended  the  attempt  to 
obtain  the  tellurate  in  a crystalline  form  by  allowing  the  precipitate  to  remain  in 
the  mother-liquor  for  weeks ; or  by  allowing  copper  hydroxide  to  stand  for  weeks 
in  contact  with  an  excess  of  telluric  acid. 

J.  J.  Berzelius  obtained  normal  silver  tellurate,  Ag2Te04,  in  dark  yellow,  bulky 
flakes  on  adding  a cone.  soln.  of  silver  nitrate  to  one  of  normal  potassium  tellurate. 
E.  B.  Hutchins  could  not  prepare  the  salt  in  this  way,  he  always  obtained  a basic 
salt,  and  by  using  potassium  hydrotellurate,  he  obtained  a precipitate  containing 
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an  excess  of  telluric  acid  ; and,  as  observed  by  A.  Gutbier,  the  product  is  decom- 
posed into  the  basic  salt  by  washing.  E.  B.  Hutchins  obtained  crystals  of  the 
dihydrale,  Ag2Te04.2H20,  which  may  be  silver  tetrahydrorthotellurate,  Ag2H4Te06, 
by  treating  silver  oxide  with  an  excess  of  a soln.  of  telluric  acid  ; by  mixing  a soln. 
of  20  grms.  of  silver  acetate,  acidified  with  a few  drops  of  acetic  acid,  with  a soln. 
of  1*4  grms.  of  telluric  acid,  and  evaporating  the  soln.  at  room  temp,  in  darkness  ; 
and  by  adding  a silver  nitrate  soln.  to  a cone.  soln.  of  potassium  tellurate  con- 
taining an  excess  of  acetic  acid,  and  allowing  the  yellow  or  brown  precipitate  to 
stand  for  some  hours  in  contact  with  the  mother-liquid.  Owing  to  their  greater 
sp.  gr.,  the  crystals  can  be  easily  separated  from  the  amorphous  salt.  The  straw- 
yellow  crystals  are  rhombic  bipyramids  with  the  axial  ratios  a:  b:  c— 0*722  : 1 ; 2-107, 
and  they  are  isomorphous  with  the  corresponding  sulphate  and  selenate.  The 
crystals  are  slowly  darkened  in  light ; and  when  heated  to  200°,  they  lose  water 
and  become  black ; at  a higher  temp,  oxygen  is  evolved  and  a greyish-brown, 
fusible  mass  remains.  The  salt  is  insoluble  in  hot  or  cold  water,  but  soluble  in  aq. 
ammonia,  an  aq.  soln.  of  potassium  cyanide,  or  sodium  thiosulphate,  and  in  nitric, 
sulphuric,  and  acetic  acids.  Cone,  acids  decompose  the  salt  completely  forming 
telluric  acid  and  the  corresponding  silver  salt.  J.  J.  Berzelius  said  that  by  mixing 
an  ammoniacal  soln.  of  silver  tellurate  with  ammoniacal  silver  nitrate,  and  evapo- 
rating, the  basic  salt,  silver  dioxytellurate,  2Ag20.Ag2Te04,  or  possibly  silver 
orthotellurate,  Ag6TeOe,  is  formed ; and  the  same  product  is  obtained  by  treating  a 
dil.  soln.  of  silver  nitrate  with  potassium  tellurate.  The  reddish-yellow  precipitate 
soon  blackens.  J.  J.  Berzelius  also  prepared  silver  oxyditellurate,  Ag20.2Ag2Te04, 
or  Ag8Te209,  as  a brown  powder  by  boiling  silver  nitrate  with  water.  E.  B.  Hutchins 
said  that  if  the  crystals  of  dihydrated  silver  tellurate  are  allowed  to  stand  in  contact 
with  a cold  soln.  of  a silver  salt,  red  monoclinic  crystals  of  the  trihydrate, 
Ag6Te209.3H20,  are  formed.  They  are  not  changed  by  cold  water,  but  with  boiling 
water  a brown  mass  is  formed.  In  sunlight  the  crystals  become  opaque  and 
copper-red.  If  heated  over  110°,  the  salt  loses  water  and  becomes  black  ; all  the 
combined  water  is  expelled  at  200°.  J.  J.  Berzelius  said  that  by  double  decom- 
position with  silver  nitrate  and  potassium  hydrotellurate,  silver  hydrotellurate, 
AgHTe04,  is  formed ; likewise  also  silver  tetratellurate,  Ag2Te4013 ; but 

E.  B.  Hutchins  could  obtain  neither  of  these  salts. 

E.  B.  Hutchins  did  not  succeed  in  making  gold  tellurate.  If  gold  chloride  be 
added  to  normal  silver  tellurate  suspended  in  water,  silver  chloride  and  gold  oxide 
are  precipitated ; and  the  evaporation  over  sulphuric  acid  of  a mixed  soln.  of 
potassium  tellurate  and  gold  chloride  furnishes  yellow  crystals  of  potassium 
chloroaurate. 

J.  J.  Berzelius  prepared  calcium  tellurate,  CaTe04,  by  precipitation.  The  white 
flecks  dissolve  in  hot  water,  and  the  evaporation  of  the  soln.  yields  a white  powder  ; 
strontium  tellurate  was  obtained  in  an  analogous  manner  ; and  barium  tellurate, 
BaTe04.3H20,  appears  as  a voluminous,  white  precipitate  when  a soln.  of  barium 
chloride  is  treated  with  sodium  tellurate.  The  precipitate  soon  forms  a heavy, 
white  powder.  It  loses  its  water  of  crystallization  when  heated  over  200°. 

F.  C.  Mathers  and  G.  M.  Bradbury  found  that  when  tellurium  dioxide  is  mixed  with 
5 eq.  of  tellurium  dioxide,  and  heated  for  an  hour  at  975°,  almost  the  theoretical 
yield  of  calcium  tellurate  is  formed.  At  a lower  temp,  the  yield  was  smaller. 
F.  W.  Clarke  gave  4-55  for  the  sp.  gr.  of  anhydrous  barium  tellurate  at  10-5° ; 
4-53  at  10°  ; and  4-48  at  16°  ; when  dried  at  200°,  the  sp.  gr.  is  4-2.  J.  J.  Berzelius 
found  that  barium  tellurate  is  sparingly  soluble  in  cold  water,  and  rather  more 
soluble  in  hot  water.  When  the  aq.  soln.  is  evaporated  a white  earth  remains. 
It  is  not  decomposed  by  ammonia ; and  it  is  soluble  in  hydrochloric  and  nitric 
acids.  If  sodium  hydrotellurate  be  added  to  a soln.  of  barium  chloride  a voluminous 
precipitate  of  barium  hydrotellurate,  Ba(HTe04)2.2H20,  was  obtained.  It  is 
resolved  by  water  into  a soluble  acid  salt,  and  into  the  normal  tellurate.  Sodium 
hydropyrotellurate  precipitates  barium  hydropyrotellurate,  Ba(HTe207)2.wH20, 
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from  a soln.  of  barium  chloride.  The  voluminous  precipitate  is  easily  soluble  in 
water  ; and  in  acetic  acid.  It  is  yellow  when  hot,  white  when  cold. 

J.  J.  Berzelius  obtained  beryllium  tellurate  as  a white,  voluminous  precipitate 
by  double  decomposition  with  a soluble  tellurate  and  a beryllium  salt ; and 
magnesium  tellurate  in  an  analogous  manner.  Magnesium  tellurate  is  more 
soluble  than  the  corresponding  salts  of  the  alkaline  earths.  Sodium  hydrotellurate 
precipitates  from  a soln.  of  a magnesium  salt,  magnesium  hydrotellurate,  which  is 
more  soluble  than  the  normal  tellurate.  A.  Gutbier  prepared  zinc  tellurate  as  a 
white,  insoluble  precipitate  by  mixing  soln.  of  potassium  tellurate  and  zinc  chloride. 
E.  B.  Hutchins  showed  that  the  precipitate  obtained  with  soln.  of  zinc  nitrate  and 
potassium  tellurate  becomes  heavy  and  granular  when  treated  with  hot  water. 
Its  composition  is  Zn3Te06  ; it  is  insoluble  in  water,  but  soluble  in  acetic,  nitric, 
hydrochloric,  and  sulphuric  acids.  A.  Oppenheim  obtained  cadmium  tellurate 
as  an  insoluble  white  precipitate  on  treating  cadmium  nitrate  with  sodium  tellurate. 
It  forms  a colourless  soln.  with  hydrochloric  acid. 

J.  J.  Berzelius  noticed  that  when  powdered  crystalline  mercurous  nitrate  is 
immersed  in  an  aq.  soln.  of  potassium  hydrotellurate,  a dark  brown  precipitate  is 
formed ; and  a yellowish-brown  precipitate  of  mercurous  tellurate,  Hg2Te04,  is 
produced  by  the  action  of  potassium  tellurate  on  a soln.  of  mercurous  nitrate. 
G.  Deniges  also  obtained  this  salt  in  a similar  way.  J.  J.  Berzelius  said  that 
mercurous  tellurate  soon  becomes  yellow,  owing  to  the  action  of  the  tree  acid  in 
the  liquid  probably  forming  mercurous  hydrotellurate,  HgHTe04.  Crystals  of 
the  normal  mercurous  tellurate  have  not  been  prepared.  F.  A.  Genth  discovered 
radiating  tufts  of  minute,  acicular  or  capillary,  white  crystals  as  a decomposition 
product  of  coloradoite  in  a mine  in  the  Magnolia  district,  Colorado  ; and  he  called 
the  mineral  magnolite.  He  inferred  that  its  composition  is  mercurous  tellurate, 
Hg2Te04,  since  it  behaves  towards  hydrochloric  acid  somewhat  as  represented  by 
the  equation  : Hg2Te04+8HCl=2HgCl2-j-TeCl4+4H20.  It  is  blackened  by  aq. 
ammonia,  and  is  soluble  in  dil.  nitric  acid.  E.  B.  Hutchins  found  that  when  a 
large  excess  of  . a cold  cone.  soln.  of  potassium  tellurate  is  added  to  a cone.  soln.  of 
mercurous  nitrate  the  yellow  precipitate,  which  is  first  formed,  quickly  changes  to 
a brown.  The  precipitate  is  slimy  and  difficult  to  wash.  It  approximates  Hg2Te04 
in  composition.  E.  B.  Hutchins  was  unable  to  prepare  mercurous  orthotellurate, 
Hg6Te06.  When  the  bulky  yellow  precipitate,  obtained  by  treating  a hot  dil. 
soln.  of  potassium  tellurate  with  an  excess  of  mercurous  nitrate  soln.,  is  washed 
with  hot  water  and  boiled  for  some  time  in  water  it  is  decomposed,  giving  free 
mercury.  The  precipitate  may  be  boiled  for  several  hours  without  changing  in 
appearance,  but  at  length  it  settles  as  a heavy,  brown  granular  powder  containing 
free  mercury.  This  change  may  be  hastened  by  rubbing  some  of  the  precipitate 
against  the  side  of  the  beaker  with  a glass  rod.  When  the  brown  powder  is  heated 
with  hydrochloric  acid,  elementary  tellurium  is  precipitated.  A.  Oppenheim 
obtained  mercurous  tellurate  by  the  action  of  telluric  acid  on  a soln.  of  mercurous 
nitrate.  E.  B.  Hutchins  showed  that  if  an  excess  of  mercurous  nitrate  is  employed 
with  a hot  dil.  soln.  of  potassium  tellurate,  a yellow,  amorphous,  basic  salt, 
mercurous  oxyditellurate,  Hg20.2HgTe04,  is  formed.  A basic  salt  was  also 
prepared  by  F.  Teltscher.  E.  B.  Hutchins  found  that  when  cone.  soln.  of  mercurous 
nitrate  and  a soluble  tellurate  or  telluric  acid  are  mixed,  the  precipitate  may  vary 
in  composition  from  the  basic  salt  just  indicated  to  mercurous  hydrotellurate, 
HgHTe04,  any  precipitate  of  mercurous  tellurate  may  be  changed  to  crystals  of 
the  hydrotellurate  by  treatment  with  a cold  cone.  soln.  of  telluric  acid.  This  acid 
tellurate  is  not  only  the  only  crystalline  mercurous  tellurate  that  has  been  prepared, 
but  it  is  the  only  mercurous  tellurate  of  definite  composition  that  has  been  obtained. 
Mercurous  tellurate  is  a striking  example  of  a salt  of  a weak  acid  and  a weak  base. 
Slight  variations  of  the  conditions  under  which  a salt  is  placed  may  bring  about  a 
change  in  its  composition,  causing  it  to  become  either  more  acid  or  more  basic. 
This,  together  with  the  fact  that  the  salt  is  readily  decomposed  giving  free  mercury 
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and  mercuric  tellurate,  renders  the  preparation  of  the  mercurous  tellurates  some- 
what difficult.  The  trihydrate,  HgHTe04.3H20,  may  be  conveniently  prepared  by 
treating  a soln.  of  mercurous  nitrate  with  telluric  acid  and  subsequent  change  of 
the  precipitate  to  the  crystalline  salt.  When  the  soln.  of  telluric  acid  is  added  to 
a soln.  of  mercurous  nitrate  a bright  yellow  precipitate  is  formed.  If  a large  excess 
of  telluric  acid  is  added,  the  yellow  precipitate  becomes  nearly  white  and  slowly 
changes  to  colourless  crystals  of  HgTe04.3H20.  The  presence  of  considerable  free 
nitric  acid  in  the  soln._  aids  greatly  in  the  formation  of  crystals  of  the  salt.  Under 
these  conditions  crystals  frequently  form  on  the  walls  of  the  containing  vessel. 
F.  Teltscher  found  that  the  potential  of  platinized  platinum  in  water  with  mercurous 
tellurate,  Hg2Te04.6Hg0.6H20,  in  suspension,  is  — 1-025  volt  in  darkness,  and 
—0-1000  volt  in  light ; if  0-25JV-H2Te04  is  used  in  place  of  water,  the  values  are 
respectively  — 0-93  and  — 0-96  volt ; and  with  2V-H2Te04,  — 0-93  and  — 0-94  volt. 

J.  J.  Berzelius,  F.  Teltscher,  and  E.  B.  Hutchins  prepared  mercuric  tellurate, 
HgTe04,  as  a white,  flocculent  precipitate  by  mixing  cone.  soln.  of  mercuric  nitrate 
and  potassium  tellurate  or  telluric  acid  at  0°.  E.  B.  Hutchins  found  that  the  pre- 
cipitate is  quickly  decomposed  by  water  at  room  temp,  into  telluric  acid  and  basic 
mercuric  tellurate.  This  decomposition  goes  on  even  when  the  precipitate  is 
washed  with  water  at  0°  : consequently  it  is  impossible  to  obtain  a pure  white 
product  in  suitable  condition  for  analysis.  The  precipitate  remains  white  indefinitely 
in  a sat.  soln.  of  telluric  acid  at  room  temp.  Crystals  of  the  dihydrate,  HgTe04.2H20, 
tree  from  the  basic  salt  were  obtained  by  mixing  cone.  soln.  of  telluric  acid  and 
mercuric  nitrate  at  0°  and  allowing  the  resulting  soln.  to  stand  at  room  temp,  until 
the  salt  crystallized  out.  The  dihydrate  appears  as  transparent  crystals  belonging 
to  the  orthorhombic  system.  It  is  slowly  decomposed  by  cold  water.  Boiling 
water  quickly  decomposes  it  into  telluric  acid  and, basic  mercuric  tellurate.  If  the 
white  precipitate  of  mercuric  tellurate  formed  by  mixing  cone.  soln.  of  mercuric 
nitrate  and  potassium  tellurate  containing  free  nitric  acid,  is  allowed  to  remain 
undisturbed  in  the  mother-liquor  for  several  days  at  room  temp.,  nearly  all  of  it 
is  converted  into  crystalline  mercuric  orthotellurate,  Hg3TeOe,  corresponding 
with  turpeth  mineral,  Hg3S06.  Indeed,  all  precipitates  of  mercuric  tellurate, 
whether  crystalline  or  amorphous,  show  a strong  tendency  to  change  to  mercuric 
orthotellurate  in  the  presence  of  water.  This  property  of  mercuric  tellurate  renders 
it  difficult  to  prepare  the  salt  HgTe04  in  pure  condition.,  When  an  excess  of 
mercuric  nitrate  is  added  to  a hot  dil.  soln.  of  potassium  tellurate,  a heavy,  yellow 
granular  precipitate  of  mercuric  orthotellurate  is  formed.  If  a cold,  cone.  soln. 
of  mercuric  nitrate  is  added  to  a cone.  soln.  of  potassium  tellurate  made  acid  with 
nitric  acid,  a white  flocculent  precipitate  of  HgTe04  is  formed.  At  room  temp,  a 
portion  of  the  precipitate  usually  assumes  a yellow  colour  immediately,  probably 
due  to  the  formation  of  a basic  salt.  If  the  acid  soln.  containing  this  white  or 
yellow  flocculent  precipitate  is  allowed  to  stand  undisturbed  for  several  days  the 
precipitate  is  largely  converted  into  transparent  amber-coloured  crystals  of  the 
orthotellurate.  Frequently  the  walls  of  the  containing  vessel  are  covered  with 
crystals  that  have  separated  from  the  acid  soln.  In  many  cases  the  amber-coloured 
crystals  form  in  contact  with  the  white  amorphous  precipitate,  but  in  all  cases  the 
crystals  are  entirely  distinct  from  the  precipitate.  Mercuric  orthotellurate 
crystallizes  in  the  cubic  system,  the  predominating  form  being  the  dodecahedron. 
Combinations  of  the  cube  and  dodecahedron  are  frequent,  while  many  crystals  show 
a broad  octahedral  face  on  which  the  crystal  has  grown.  The  crystals  contain  a 
little  nitric  acid  and  about  0-6  per  cent,  of  water.  This  is  considerably  less  than 
one-half  of  a mol  of  water  to  one  of  Hg3Te06.  When  heated,  the  salt  assumes  a 
red  colour,  but  it  regains  its  original  colour  upon  cooling.  The  crystals  are  not 
altered  by  heating  to  140°.  The  crystals  are  insoluble  in  water  and  unchanged  by 
boiling  with  water.  They  are  soluble  in  nitric  acid  but  more  readily  soluble  in 
hydrochloric  acid.  W.  von  Behren  and  J.  Traube  studied  the  stability  of  the 
I colloidal  soln.  of  the  tellurate,  Hg3H3Te06.  F.  Teltscher  stated  that  he  had  obtained 


96 


INORGANIC  AND  THEORETICAL  CHEMISTRY 


a basic  mercuric  tellurate,  Hg2O.6HgO.TeO3.6H2O,  by  the  action  of  a cone.  soln.  of 
mercurous  nitrate  on  a soln.  of  telluric  acid.  The  yellow  precipitate  can  be  kept 
a long  time  in  darkness  without  change,  but  it  blackens  in  daylight. 

J.  J.  Berzelius  prepared  aluminium  tellurate  as  a white  precipitate  by  the  action 
of  a soluble  tellurate  on  a soln.  of  an  aluminium  salt.  The  precipitate  is  soluble  in 
an  excess  of  the  aluminium  salt.  A.  Oppenbeim  was  unable  to  prepare  'potassium 
aluminium  tellurate  analogous  to  the  alums.  F.  W.  Clarke  prepared  thallous 
tellurate,  Tl2Te04,  by  mixing  soln.  of  ammonium  tellurate  and  thallous  nitrate. 
The  heavy,  white  precipitate  recalls  that  of  silver  chloride.  L.  M.  Dennis  and 
M.  Doan  also  obtained  it  as  a white  flocculent  precipitate,  sparingly  soluble  in  water, 
by  mixing  soln.  of  telluric  acid  and  thallous  hydroxide.  F.  W.  Clarke  found  that 
when  dried  at  120°,  its  sp.  gr.  is  5-712  at  20°  ; and  5-687  at  22°.  When  heated  to 
180°,  the  salt  becomes  pale  yellow  with  the  loss  of  1-46  per  cent,  of  water,  and  its 
sp.  gr.  is  then  6-742  at  16°,  and  6-760  at  17-6°.  It  melts  at  a red-heat  and  is  reduced 
to  telluride.  When  hot  the  colour  is  black,  but  on  cooling  it  forms  a clear,  lemon- 
yellow  glass.  J.  J.  Berzelius  obtained  yttrium  tellurate  by  a method  analogous 
to  that  used  for  the  aluminium  salt.  A.  Gutbier  mixed  aq.  soln.  of  telluric  acid  or 
an  alkali  tellurate  with  an  aq.  soln.  of  ammonium  cerium  nitrate,  and  obtained  a 
pale  yellow,  slimy  precipitate  of  cerous  tellurate.  J.  J.  Berzelius  prepared 
zirconium  tellurate  as  a voluminous,  white  precipitate  on  mixing  soln.  of  zirconium 
chloride  and  sodium  hydrotellurate  : the  precipitate  is  soluble  in  an  excess  of  the 
zirconium  salt ; likewise  also  with  thorium  tellurate  which  is  insoluble  in  an  excess 
of  the  thorium  salt.  A.  Gutbier  also  obtained  thorium  tellurate,  as  a white,  curdy 
precipitate,  from  a soln.  of  potassium  tellurate  and  thorium  nitrate. 

I.  Domeyko  mentioned  the  occurrence  of  lead  tellurate  in  a mine  in  the  province 
of  Coquimbo,  Chile.  J.  J.  Berzelius  said  that  a basic  salt  is  produced  as  a 
voluminous,  white  precipitate  when  potassium  hydrotellurate  and  basic  lead  acetate 
soln.  are  mixed  ; he  obtained  lead  tellurate,  PbTe04,  by  mixing  soln.  of  normal 
lead  acetate  and  potassium  tellurate  ; the  white,  heavy  precipitate  is  sparingly 
soluble  in  water ; by  the  use  of  alkali  hydrotellurate,  lead  hydrotellurate, 
Pb(HTe04)2.nH20,  is  formed,  and  it  is  more  soluble  in  water  than  the  normal 
tellurate.  F.  C.  Mathers  and  F.  V.  Graham  obtained  lead  tellurate  by  the  action 
of  lead  dioxide  on  tellurium  dioxide  at  170°.  According  to  J.  J.  Berzelius,  a precipi- 
tate of  lead  tetratellurate,  PbTe4013,  is  produced  when  an  alkali  tetratellurate  is  used 
as  precipitant.  It  is  yellow  when  hot,  and  white  when  cold.  It  is  soluble  in  dil.  nitric 
acid,  even  after  ignition ; less  soluble  in  acetic  acid ; and  fairly  soluble  in  water. 

A.  Oppenheim  was  unable  to  prepare  an  arsenic  tellurate.  According 
to  R.  F.  Weinland  and  H.  Prause,  telluric  acid  unites  with,  the  arsenates  of 
the  alkali  metals  to  form  complex  salts.  Thus,  ammonium  diarsenatotellurate, 
2(NH4)20.As205.Te03.4H20,  was  obtained  by  adding  4 mols  of  aq.  ammonia  to  a 
soln.  of  orthotelluric  acid  and  4 mols  of  ammonium  dihydroarsenate,  in  as  little 
water  as  possible,  at  ordinary  temp.,  and  evaporating  the  soln.  over  sulphuric 
acid.  The  triclinic  crystals  are  isomorphous  with  the  corresponding  phosphate, 
and  have  the  axial  ratios  0:6:  c— 0-7241  : 1 : 0-7468,  and  a=90°  34',  /3=94°  7', 
and  y=92°  17'.  Likewise  ammonium  triarsenatotellurate,  4(NH4)20.3As205. 
2Te03.llH20,  was  obtained  using  a mol  of  orthotelluric  acid,  4 mols  of  ammonium 
dihydroarsenate,  and  a mol  of  ammonia.  The  crystals  are  isomorphous  with  the 
corresponding  phosphate.  Similarly,  using  a mol  of  orthotelluric  acid,  4 mols  of 
arsenic  acid,  and  5-2  mols  of  sodium  hydroxide,  sodium  arsenatotellurate, 
2Na2O.As2O2.2TeO3.9H2O,  was  obtained  in  small,  six-sided  plates.  Potassium 
and  rubidium  arsenatotellurates  could  not  be  prepared.  The  graphic  formulae  given 
for  the  above  salts  are  : 


(Na0)2=As0^o 
HO— Te02  ' 


(NH40)2=As0 

(NH40)2=As0 


>Te02 


(NH40)2=Aa0 

NH40-AsO 


>TeO 

OHHO 


< 


OH 

AsO  — ONH 


4 


2Na20.As205.2Te03.9H20 


2(NH4)20.As205.Te03.4H20 


4(NH4).,0.3As205 
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A.  Oppenheim  could  not  prepare  antimony  tellur  ate.  F.  A.  Genth  found  a 
yellowish-,  greenish-  or  brownish-red,  soft,  earthy  incrustation,  without  distinct 
crystalline  structure  on  the  tetradymite  of  Highland,  Montana,  and  he  called  the 
mineral  montanite  ; it  was  also  found  by  T.  W.  E.  David  to  accompany  the  tetra- 
dymite of  Norongo,  New  South  Wales.  Analyses  reported  by  F.  A.  Genth, 
T.  W.  E.  David,  and  C.  F.  Rammelsberg,  agree  with  Bi2O3.TeO3.2H2O,  or 
Bi2O3.TeO3.H2O.  It  can  therefore  be  regarded  as  a hydrated  bismuth  ortho- 
tellurate,  Bi2Te06.2H20,  hydrated  bismuthyl  tellurate,  (Bi0)2Te04.H20,  or, 
according  to  P.  Groth  and  K.  Mieleitner,  {Bi(0H)2}2Te04. 

J.  J.  Berzelius,  prepared  chromic  tellurate  in  greyish-green  flecks  by  mixing 
soln.  of  a chromic  salt  and  an  alkali  tellurate.  It  is  soluble  in  an  excess  of  a chromic 
salt  soln.,  but  not  in  soln.  of  potassium  tellurate  or  sulphate.  A.  Oppenheim 
also  prepared  this  salt,  but  he  was  unable  to  obtain  potassium  chromium  tellurate 
analogous  to  chrome-alum.  A.  Berg  evaporated  spontaneously  an  aq.  soln.  con- 
taining 2 mols  of  chromium  trioxide  and  a mol  each  of  potassium  dichromate  and 
telluric  acid.  An  ill-defined  crystalline  crust  of  potassium  chromotellurate, 
2K2O.4CrO3.TeO3,  was  obtained ; similarly  with  ammonium  chromotellurate, 
2(NH4)20.4Cr03.Te03 ; and  the  very  soluble  sodium  chromotellurate, 
2Na2O.4CrO3.TeO3.  He  regarded  these  salts  as  derivatives  of  chromotellunc  acid, 
Te0(0.Cr02.0H)4,  which,  in  turn,  is  derived  from  paratelluric  acid,  TeO(HO)4. 

V.W.Meloche  and  W.  Woodstock  obtained  ammonium  telluratohexamolybdate, 
3(NH4)20.Te03.6Mo03.7H20,  from  a soln.  of  a mol  of  telluric  acid  and  4 mols  of 
molybdic  acid  with  enough  aq.  ammonia  to  satisfy  the  telluric  acid,  by  evaporation 
and  crystallization.  A soln.  of  equimolar  proportions  of  telluric  and  molybdic 
acids,  with  enough  ammonia  to  satisfy  half  the  hydrogen  atoms  of  telluric  acid, 
H2Te06,  on  evaporation  and  cooling,  gave  clear,  white  crystals  of  ammonium 
ditelluratohexamolybdate,  3(NH4)20.2Te03.6Mo03.10H20.  Both  compounds 
decompose  at  550°  leaving  a residue  of  tellurium  dioxide  with  a small  amount  of 
molybdic  acid. 

J.  J.  Berzelius  similarly  prepared  uranyl  tellurate  as  a voluminous  pale  yellow 
precipitate  insoluble  in  an  excess  of  uranyl  nitrate  soln.  A.  Gutbier  found  it  to  be 
readily  soluble  in  cold  hydrochloric  acid.  J.  0.  Perrine  said  that  it  shows  no 
ultra-violet  fluorescence  tyith  the  X-rays. 

J.  J.  Berzelius  obtained  manganese  tellurate  as  a white  flocculent  precipitate 
by  mixing  soln.  of  alkali  tellurate  and  a manganese  salt.  J.  J.  Berzelius  obtained 
ferric  tellurate  in  pale  yellow  flakes  soluble  in  an  excess  of  the  ferric  salt ; and 
ferrous  tellurate  as  a white  precipitate,  which,  on  exposure  to  air,  becomes  greenish- 
grey  and  then  brownish-red.  Fv  A.  Genth  reported  a straw-yellow  to  greenish- 
yellow  mineral  which  he  called  ferrotellurite  occurring  at  the  Keystone  Mine, 
Magnolia  District,  Colorado.  It  was  supposed  to  be  ferrous  tellurate,  FeTe04,  but, 
according  to  J.  D.  Dana,  the  crystals  may  have  been  those  of  tellurite  coloured 
With  ferric  oxide.  The  mineral  was  insoluble  in  aq.  ammonia ; and  soluble  in 
hydrochloric  acid.  J.  J.  Berzelius  obtained  cobalt  tellurate,  as  a voluminous 
bluish-purple  precipitate,  and  nickel  tellurate  as  a pale  green  precipitate. 

J.  F.  Norris  and  H.  Fay  could  not  prepare  any  tellurothionates  analogous  to 
selenotetrathionate. 
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§ 12.  Tellurium  Halides 

H.  Moissan 1 found  that  powdered  tellurium  put  in  contact  with  fluorine  com- 
bines with  incandescence  giving  an  abundance  of  white  fumes.  The  whole  mass 
is  quickly  covered  with  a solid,  crystalline  fluoride,  easily  volatile  and  very  hygro- 
scopic, having  the  aspect  and  properties  of  the  tellurium  tetrafluoride,  TeF4, 
described  by  J.  J.  Berzelius  ; but  E.  B.  R.  Prideaux  showed  that  the  product  is  the 
hexafluoride — vide  infra.  J.  J.  Berzelius  prepared  the  tetrafluoride  by  dissolving 
tellurium  dioxide  in  hydrofluoric  acid,  evaporating  the  liquid  on  a water-bath  to  a 
transparent,  colourless  syrup  which,  on  cooling,  solidified  to  a milk-white  mass  of 
small,  warty  granules.  When  the  product  is  heated,  water  and  hydrofluoric  acid 
are  given  off,  and  finally  a sublimate  of  tellurium  tetrafluoride — an  oxyfluoride 
remains  as  a residue.  R.  Metzner  treated  the  mother-liquor,  used  in  the  prepara- 
tion of  the  oxyfluoride,  Te0F2.H20,  with  liquid  hydrogen  fluoride,  cooled  to 
—70°  ; on  raising  the  temp,  to  —28°,  the  liquid  portion  is  removed,  and  there 
remain  crystals  of  the  tetrafluoride  which  can  be  dried  on  paper  at  — 30°. 
E.  B.  R.  Prideaux  and  J.  O’Neil  Millott  did  not  observe  this  separation  of  the 
tetrafluoride.  A tetrahydrate,  TeF4.4H20,  was  prepared  by  A.  J.  Hogbom. 

A number  of  fluotellurites  has  been  prepared  from  soln.  of  tellurous  acid  and 
various  hydroxides  and  carbonates  in  hydrofluoric  acid.  Thus,  H.  L.  Wells  and 
J.  M.  Willis  prepared  caesium  pentafluotellurite,  CsTeFg,  from  mixed  soln.  of 
tellurium  dioxide  and  caesium  fluoride  in  hydrofluoric  acid.  The  salt  forms  trans- 
parent, colourless  needles.  It  is  decomposed  by  water  ; but  it  is  stable  in  hydro- 
fluoric acid  soln.  A.  J.  Hogbom  prepared  ammonium  pentafluotellurite, 
NH4TeF5.H20,  which  furnishes  colourless  prismatic  crystals ; potassium  pentafluo- 
tellurite, KTeF5,  gives  long  colourless  needles ; and  barium  pentafluotellurite, 
Ba(TeF5)2.H20,  gives  irregular  lamellae.  The  crystals  become  opaque  when 
exposed  to  air  ; and  are  decomposed  by  water.  The  fluotellurites  of  copper,  silver, 
beryllium,  and  nickel  could  not  be  prepared.  J.  J.  Berzelius  described  sodium 
fluotellurite  as  a compound  which  formed  ill-defined  crystals  soluble  in  a small 
proportion  of  boiling  water,  but  decomposed  by  a larger  proportion  of  water. 
R.  F.  Weinland  and  J.  Alfa  could  not  prepare  this  salt. 

E.  B.  R.  Prideaux  found  that  when  fluorine  acts  on  tellurium  at  — 78°,  white, 
crystalline  tellurium  hexafluoride,  TeF6,  is  formed.  This  melts  to  a clear,  mobile 
liquid  as  the  temp,  rises,  and  then  assumes  the  gaseous  state.  The.  gas  has  an 
unpleasant  odour  recalling  that  of  tellurium  hydride  and  that  of  ozone.  The  sp.  gr. 
of  the  liquid  is  3-025  at  —35-5°  ; and  the  mol.  vol.,  79-9.  The  coeff.  of  expansion 
of  the  liquid  between  — 3-5°  and  51-5°  is  0-032.  The  m.p.  is  — 36°  ; and  the 
b.p.,  —35-5°.  The  vap.  press,  of  the  solid  at  35'5°  is  760  mm.  The  critical 


TELLURIUM 


99 


temp,  is  83-25°.  The  vap.  density  (oxygen  16)  is  119-5,  in  agreement  with  a mol. 
wt.  239  when  the  calculated  value  for  TeF3  is  241-6.  The  refractive  index  is  1-00091 
when  the  value  calculated  from  the  addition  rule  is  1-001823.  The  gas  does  not 
attack  glass ; and  it  is  decomposed  by  water  : TeF6-f-  4H20=H2Te04+6HF. 
N.  V.  Sidgwick  discussed  this  reaction. 

The  action  of  chlorine  on  tellurium  has  been  previously  discussed.  H.  Rose  2 
observed  that  when  a slow  current  of  chlorine  is  passed  over  strongly  heated 
tellurium,  or  natural  silver  telluride,  tellurium  dichloride,  TeCl2,  accompanied  by 
some  tetrachloride,  collects  as  a pistillate.  The  two  can  be  separated  by  fractional 
distillation.  According  to  V.  Lenher,  the  dichloride  can  be  prepared  by  passing 
the  vapour  of  sulphur  monochloride  over  strongly  heated  tellurium  : Te+S2Cl2 
=TeCl2+2S ; the  black  dichloride  soon  changes  to  the  white  tetrachloride  : 
TeCl2+S2Cl2=TeCl4-f  2S.  K.  Lindner  and  L.  Apolant  obtained  the  dichloride 
by  heating  tellurium  in  the  vapour  of  carbonyl  chloride ; the  brown  vapours 
condense  to  a black  crystalline  mass.  M.  Damiens  observed  no  evidence  of  the 
existence  of  the  dichloride  on  the  f.p.  curve  of  mixtures  of  the  constituent  elements. 
Fig.  43.  Hence,  the  dichloride  is  stable  only  in  the  gaseous  state  or  in  soln.  and 
in  equilibrium  with  its  decomposition  products — tellurium  and  tellurium  tetra- 
chloride. As  it  solidifies,  it  dissociates  into  a solid  soln.  of  the  element  in  the 
tetrachloride.  J.  J.  Berzelius,  and  A.  Michaelis  heated  the  mixed  di-  and  tetra- 
chlorides with  tellurium  in  a flask  fitted  with  a 
reflux  condenser  for  a long  time  so  as  to  reduce  the 
tetrachloride  to  the  dichloride.  Tellurium  dichloride 
is  a black,  amorphous,  hygroscopic  solid,  which, 
said  H.  Rose,  does  not  fume  in  air  ; when  powdered, 
it  is  yellowish-green.  A.  Michaelis  found  the  vap. 
density  at  444°  to  be  6-6  to  7-0  (air  unity)  when 
the  calculated  value  for  TeCl2  is  6-89.  A.  Michaelis 
gave  175°  for  the  m.p.,  and  T.  Carnelley  and 
W.  C.  Williams  209°  ±5°;  and  for  the  b.p.  327°, 
while  A.  Michaelis  gave  324°.  W.  Herz  gave 
7-05  for  the  sp.  gr. ; 16-6  cals,  per  gram  for  the 
heat  of  fusion  ; and  2-64  X 1012  for  the  vibration 
frequency.  The  molten  liquid  is  black ; and  the 
vapour  has  a colour  not  unlike  that  of  iodine,  but 
somewhat  paler.  The  absorption  spectrum  was  studied  by  D.  Gernez,  A.  Wullner, 
and  W.  Friederichs.  When  the  reddish  vapour  of  sulphur  dichloride  is  heated  it 
becomes  paler  and  then  assumes  a yellow  colour,  and  like  tellurium  tetrachloride 
it  then  shows  no  absorption  spectrum.  A.  Voigt  and  W.  Biltz  found  the 
electrical  conductivity  of  the  dichloride  to  be  0-042  mho  at  206° ; 0-0668  mho 
at  230°  ; 0-114  mho  at  271°  ; and  0-151  at  305°.  W.  Biltz  gave  0-042  for  the  temp, 
coeff.  K.  T.  Compton  gave  2-70  volt  for  the  ionizing  potential.  A.  Michaelis 
found  that  when  the  dichloride  is  heated  in  oxygen,  it  decomposes  with  incan- 
descence forming  the  tetrachloride  and  dioxide.  Water,  acids,  and  alkali-lye  were 
found  by  H.  Rose  to  decompose  the  dichloride  forming  tellurous  acid  and  tellurium. 
K.  Lindner  and  L.  Apolant  said  that  water  converts  the  dichloride  into  tellurium 
and  oxydichloride.  According  to  J.  J.  Berzelius,  the  same  products  are  obtained 
when  the  dichloride  is  triturated  with  calcium  oxide  or  sodium  carbonate. 
M.  Damiens  found  that  an  ethereal  soln.  of  tellurium  dichloride  absorbs  bromide 
forming  which  appears  to  be  tellurium  chlorobromiae  ; and  it  absorbs  iodine  forming 
what  may  be  tellurium  chloroiodide ; but  neither  substance  could  be  isolated. 
J.  J.  Berzelius  found  that  when  a mixture  of  ammonium  chloride  and  an  alkali 
tellurite  is  heated  ammonium  chlorotellurite,  NH4Cl.xTeCl2,  is  formed  as  a black 
sublimate,  and  when  treated  with  a small  proportion  of  water,  the  complex  salt 
turns  white  owing  to  the  separation  of  tellurous  acid  ; this  acid  dissolves  completely 
leaving  tellurium  behind  ; with  a larger  proportion  of  water,  a mixture  of  tellurium 
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and  tellurous  acid  is  precipitated.  This  may  be  separated  by  hydrochloric  acid, 
and  the  water  holds  in  soln.  ammonium  chlorotellurate  and  chloride.  A.  Gutbier 
and  F.  Flury — vide  tellurium  dioxide — said  that  the  black  sublimate  is  probably 
tellurium  diamminodichloride,  TeCl2.2NH3.  K.  Lindner  and  L.  Apolant  found 
that  the  repeated  sublimation  of  the  dichloride  with  a deficiency  of  ammonium 
chloride,  yields  ammonium  tetrachlorotellurite,  (NH4)2TeCl4,  as  a greenish  com- 
pact mass,  which  is  not  hygroscopic,  and  does  not  change  in  air.  Tellurium 
trichloride  may  be  fused  with  tellurium  in  all  proportions  ; and  when  the  mixture 
is  heated  in  a retort,  it  first  gives  off  tellurium  dichloride,  then  metallic  drops  of  a 
compound  richer  in  tellurium-i-this  is  the  only  evidence  for  the  existence  of  a 
tellurium  subchloride^-cf.  Fig.  43.  The  residue  left  in  the  retort  resembles  tellurium, 
but  is  more  easily  powdered  and  reddens  litmus.  It  is  freed  from  the  adherent 
chlorine  by  fusion  in  an  atm.  of  hydrogen,  or  by  boiling  first  with  hydrochloric  acid 
and  afterwards  with  water. 

As  indicated  in  connection,  with  tellurium  dichloride,  when  an  excess  of  chlorine 
acts  on  heated  tellurium,  tellurium  tetrachloride,  TeCl4,  mixed  with  some  dichloride 
is  formed.  J.  J.  Berzelius,  and  A.  Michaelis  separated  the  mixture  by  fractional 
distillation.  V.  Lenher,  and  R.  W.  E.  Maclvor  also  obtained  it  by  passing  the 
vapour  of  sulphur  monochloride  over  heated  tellurium.  J.  H.  Simons  also  obtained 
it  by  distilling  off  the  tetrachloride.  Tellurium  tetrachloride,  at  ordinary  temp., 
is  a snow-white  crystalline  mass.  J.  J.  Berzelius  found  that  it  melts  to  an  amber- 
yellow  liquid,  which  becomes  dark  red  near  the  b.p.  A.  Weller  showed  that  it  is 
an  example  of  a colourless  solid  giving  a coloured  liquid,  and  vapour  for  the  yellow 
vapour,  said  A.  Wullner,  shows  no  absorption  spectrum.  J.  H.  Simons  showed  that 
the  change  in  the  colour  of  the  vapour  above  500°  is  due  to  the  dissociation  of  the 
tetrachloride  into  dark  red  dichloride.  J.  H.  Simons  gave  for  the  sp.  gr.  of  the 
liquid : 

232°  277°  314°  341°  385°  424°  427° 

Sp.  gr.  . 2-569  2-494  2-443  2-402  2-334  2-275  2-260 

A.  Michaelis  found  the  Vapour  density  (air  unity)  at  441°  to  be  9-03  to  9-22,  and  at 
530°,  8-47  to  8-86.  The  calculated  value  for  TeCl4  is  9-33.  J.  H.  Simons  gave  for 
the  vapour  density  (H2=2-016)  : 

420°  450°  480“  507°  522°  561°  001° 

Vap.  density  . 290-3  283-1  277-7  273-2  269-1  260-2  250-5 

It  is  concluded  that  the  vapour  consists  of  single  molecules  of  TeCl4  from  the  m.p. 
to  about  500°  where  the  dissociation  TeCl4=TeCl2+Cl2  begins.  J.  H.  Simons  gave 
for  the  surface  tension,  a dynes  per  cm. : 

238°  260°  280°  316°  352-5°  370°  413-5 

a . 40-2  38-3  36-87  34-25  31-57  30-09  26-92 

and  the  parachor  ranges  from  265-8  to  269-2.  The  vapour  press.,  p mm. 

233’  260°  278-5°  313°  345°  360°  390° 

p . . . 10-8  26-0  45-5  116-7  269-5  396-5  755-6 

The  results  are  taken  to  mean  that  the  molecules  of  the  vapour  are  associated  only 
to  a slight  extent.  T.  Carnelley  and  W.  C.  Williams  gave  224°  for  the  m.p. ; 
J.  H.  Simons,  225° ; M.  Damiens,  223° — Fig.  41  ; A.  Michaelis,  214°.  W.  Biltz 
and  H.  Friedrich,  224° ; and  R.  W.  E.  Maclvor,  214-5°.  T.  Carnelley  and 
W.  C.  Williams  gave  414°  for  the  b.p. ; J.  H.  Simons,  390° ; and  A.  Michaelis, 
380° — if  the  compound  contains  tellurium  dioxide  as  impurity,  the  b.p.  may  appear 
higher.  M.  Wasilieff  discussed  the  eutectic  Te+TeCl4.  The  heat  of  vaporization 
was  found  by  J.  H.  Simons  to  be  18,400  cals,  per  mol.  A.  Voigt  and  W.  Biltz  gave 
for  the  electrical  conductivity,  0-1145  mho  at  236°  ; 0-161  mho  at  271°  ; 0-203  at 
316°  ; and  W..  Biltz  gave  for  the  temp,  coeff.  0-11.  J.  H.  Simons  concluded  that 
the  molecule  consists  of  a ten-electron  shell  surrounding  a central  atom,  four  parts 
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of  these  being  shared  with  chlorine  atoms.  S.  Kyropoulos  studied  the  dielectric 
constants  of  the  crystals. 

J.  J.  Berzelius,  and  V.  Lenher  found  that  the  tetrachloride  is  stable  in  dry  air  ; 
but  in  moist  air,  it  deliquesces  to  a clear  yellow  liquid  which  gradually  becomes 
turbid,  and  dries  with  the  loss  of  hydrogen  chloride  to  leave  an  oxychloride  as 
residue.  It  dissolves  completely  in  boiling  water,  and  when  the  soln.  cools,  crystals 
of  tellurium  dioxide,  accompanied  by  a little  oxychloride,  separate  out.  The  aq.  soln. 
behaves  like  a soln.  of  tellurium  dioxide  in  hydrochloric  acid.  P.  E.  Browning  and 
W.  R.  Flint  said  that  in  the  hydrolysis  of  the  tetrachloride,  however  large  the  pro- 
portion of  water  employed  when  hot,  all  the  tellurous  acid  is  precipitated,  that  which 
remains  in  soln.  may  be  precipitated  as  dioxide  by  adding  ammonia  to  the  boiling 
soln.,  and  then  acetic  acid  ; and  they  thought  that  the  fraction  remaining  in  soln. 
during  the  hydrolysis  was  a related  dwi-tellurium — vide  supra.  They  also  showed 
that  if  tellurous  oxide,  freed  from  telluric  oxide,  is  dissolved  in  hydrochloric  acid 
which  has  been  exposed  to  bright  sunlight,  and  the  soln.  hydrolyzed  with  boiling 
water,  the  precipitate  gives  no  chlorine  when  boiled  with  hydrochloric  acid. 
R.  Metzner  said  that  tellurium  tetrachloride  dissolves  in  cone,  hydrochloric  acid,  and 
the  soln.,  sat.  with  hydrogen  chloride  at  —30°,  furnishes  yellow  needles  of  tellurium 
hydropentachloride,  TeCl4.HCl.  This  melts  at  —20°.  It  fumes  in  air  giving  off 
hydrogen  chloride.  W.  Strecker  and  W.  Ebert  said  that  at  0°,  white,  hygroscopic 
tellurium  hexamminotetrachloride,  TeCl4.6NH3,  is  formed  in  ammonia  gas ; if  the 
halide  is  at  — 80°  the  ammonia  condensing  on  the  tetrahalide  produces  a mixture 
which  detonates  when  heated,  presumably  owing  to  the  formation  of  nitrogen  telluride 
(q.v.).  V.  Lenher  found  that  tellurium  tetrachloride  is  sparingly  soluble  in  cold 
sulphur  monochloride,  but  readily  soluble  in  the  hot  liquid.  C.  Whitehead  represented 
the  reaction  with  tellurium  hydride  by  TeCl4+2H2Te=3Te+4HCl.  According  to 
J.  J.  Berzelius,  tellurium  tetra  chloride  mixes  with  fused  tellurium  dichloride  in  all 
proportions — if  the  former  predominates,  the  compound  is  yellow  or  dark  red  when 
liquid,  and  if  the  latter  predominates,  black.  A.  W.  Ralston  and  J.  A.  Wilkinson 
found  that  at  low  temp,  liquid  hydrogen  sulphide  reduces  the  tetrachloride  to  the 
monochloride,  and  at  ordinary  temp.,  to  tellurium.  W.  Prandtl  and  P.  Borinsky 
found  that  sulphur  trioxide  reacts  with  tellurium  tetrachloride  forming  the  complex 
TeCl4.S03.  R.  Metzner  found  that  if  ammonia  be  passed  over  tellurium  tetrachloride 
at  200°  to  250°,  the  colour  blackens,  owing  to  the  separation  of  tellurium  : 3TeCl4 
+16NH3=3Te+12NH4Cl-f-2N2.  At  0°,  ammonia  combines  with  the  tetrachloride 
forming  tellurium  triamminotetrachloride,  TeCl4.3NH3.  This  compound  is  not  de- 
liquescent ; it  gives  off  ammonia  at  ordinary  temp. ; it  forms  tellurous  acid  when 
treated  with  water ; and  gives  off  ammonia  with  alkali-lye.  When  heated  it  blackens, 
giving  off  ammonia,  and  at  a higher  temp,  it  forms  tellurium  dichloride,  recognizable 
by  the  violet  fumes.  F.  Wohler  and  R.  Espenschied  said  that  even  at  ordinary 
temp,  the  tetrachloride  absorbs  ammonia  forming  tellurium  tetramminotetra- 
chloride,  TeCl4.4NH3,  as  a voluminous,  greenish-yellow  mass  which  is  stable  in 
air.  It  is  resolved  by  water  into  ammonium  chloride  and  tellurous  acid  ; and 
when  heated  is  decomposed  into  tellurium,  nitrogen,  ammonium  chloride,  and 
hydrogen  chloride.  R.  Metzner  observed  that  molten  tellurium  tetrachloride  at 
220-5°  dissolves  phosphorus  pentachloride,  and  furnishes  a lemon-yellow  crystalline 
mass  of  tellurium  phosphotridecachloride,  2TeCl4.PCl5.  This  becomes  orange- 
yellow  when  hot.  It  forms  a colourless  liquid  with  a small  proportion  of  water  ; 
but  with  a larger  proportion  of  water,  tellurous  acid  separates  out.  It  sublimes  with 
partial  decomposition  in  air,  but  it  is  not  so  decomposed  in  the  vapour  of  phosphorus 
pentachloride.  A.  M.  Hageman  observed  that  tellurium  tetrachloride  is  soluble 
in  benzene,  toluene,  methyl  alcohol,  ethyl  alcohol,  w-butyl  alcohol,  amyl  alcohol, 
benzyl  alcohol,  xylene,  chloroform,  and  ethyl  acetate  ; sparingly  soluble  in  light 
petroleum,  benzaldehyde,  acetone,  isopropyl  bromide,  and  carbon  tetrachloride  ; 
and  insoluble  in  carbon  disulphide.  According  to  J.  J.  Berzelius,  the  smallest 
trace  of  organic  matter  causes  the  tetrachloride  to.  turn  yellow  on  melting  owing 
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to  the  formation  of  some  dichloride,  which,  at  a higher  temp.,  escapes  as  a vidlet 
vapour.  According  to  V.  Lenher,  tellurium  tetrachloride  forms  a complex 
(C2H5)2O.TeCl4,  with  ether ; and  a complex  with  methylamine.  J.  F.  Norris 
and  R.  Mommers  obtained  a complex  with  dimethylamine ; V.  Lenher,  complexes 
with  ethylamine,  trimethylamine,  aniline,  pyridine,  and  quinoline  ; and  V.  Lenher 
and  W.  Titus,  complexes  with  quinine,  cinchonine,  morphine,  theobromine,  brucine, 
aconite,  atropine,  strychnine,  and  cocaine.  H.  D.  K.  Drew  observed  that  cyclic 
condensation  products  are  obtained  with  diphenyl  ether  and  tellurium  tetrachloride 
in  chloroform  soln. ; G.  T.  Morgan  and  R.  E.  Kellett  studied  the  interaction  of  the 
tetrachloride  with  anisole,  etc. ; G.  T.  Morgan  and  co-workers,  monoketones,  dike- 
tones, and  triketones ; G.  T.  Morgan  and  H.  D.  K.  Drew,  ethylene,  acetylacetone, 
and  acetic  anhydride ; G.  T.  Morgan  and  H.  Burgess,  dimethylaniline ; and 
P.  Falciola,  thiocarbamide.  Derivatives  of  cyc/otelluripentane  and  cycZotelluro- 
pentane  were  prepared.  D.  K.  Drew  showed  that  Te(CH3)2X2  readily  passes  into 
Te(CH3)3X.TeCH3X3,  where  X denotes  a halogen  atom.  This  is  taken  to  mean 
that  the  compound  has  a tendency  to  get  away  from  the  unstable  ten-electron 
shell  by  the  association  of  two  molecules  to  form  an  eight-electron  shell  to  one 
tellurium  atom,  and  a twelve-electron  shell  to  the  other.  According  to  W.  Biltz 
and  K.  Friedrich,  metallic  silver  decomposes  tellurium  tetrachloride  forming  silver 
telluride  and  chloride  ; the  excess  of  the  tetrachloride  has  no  action  on  silver 
telluride.  Hence  in  its  halogen  compounds,  tellurium  behaves  like  a noble  metal. 
A.  Mazzucchelli  and  A.  Vercillo  found  that  copper  furnishes  a telluride,  but  not  so 
with  lead. 

The  higher  halides  of  tellurium  are  more  stable  than  those  of  sulphur  and 
selenium.  The  tetrahalides  of  tellurium  are  most  stable,  whilst  with  selenium  the 

lower  halides  are  the  most  stable.  The  increase 
of  basic  properties  observed  in  passing  from 
selenium  to  tellurium  is  confirmed  by  the  tellurium 
forming  better-defined  double  halides.  J.  J.  Ber- 
zelius prepared  orange-yellow  octahedral  crystals 
of  ammonium  hexachlorotellurite,  (NH4)2.TeCl6, 
as  a precipitate  from  a soln.  of  ammonium  chloride 
and  tellurium  tetrachloride  in  hydrochloric  acid. 
The  salt  was  also  prepared  by  W.  Muthmann,  and 
P.  Kothner.  C.  F.  Rammelsberg  obtained  yellow, 
cubic  crystals  of  a salt  which  he  represented  by 
the  formula  8NH4C1.3TeCl4,  but  this  salt  was 
probably  impure  hexachlorotellurite.  P.  Kothner 
said  that  the  crystals  are  difficult  to  dry  without 
decomposition.  J.  J.  Berzelius  said  that  the  salt  can  be  dissolved  in  a small 
proportion  of  water  to  form  a colourless  soln.,  but  with  a large  proportion  of 
water,  or  alcohol,  the  salt  is  decomposed.  A.  Gutbier  prepared  a number  of 
complexes  of  the  type  (R.NH3)2TeCl6  involving  organic  radicles.  J.  J.  Berzelius, 
P.  Kothner,  and  H.  L.  Wheeler  obtained  potassium  hexachlorotellurite,  K2TeCl6, 
in  pale  yellow,  octahedral  crystals  from  mixed  hydrochloric  acid  soln.  of 
potassium  chloride  and  tellurium  tetrachloride  or  a soln.  of  tellurium  dioxide 
in  hydrochloric  acid.  The  crystals  are  stable  in  dry  air,  but  they  deliquesce 
in  moist  air ; water  decomposes  them  with  the  separation  of  tellurous  acid 
and  tellurium  oxychloride.  They  are  soluble  in  hydrochloric  acid ; and  cone, 
hydrochloric  acid  or  alcohol  precipitates  potassium  chloride  from  this  soln. 
C.  F.  Rammelsberg’s  formula,  8KC1.3TeCl4,  is  supposed  to  be  based  on  the 
analysis  of  an  impure  salt.  H.  L.  Wheeler,  and  P.  Kothner  likewise  prepared 
rubidium  hexachlorotellurite,  Rb2TeCl6,  in  yellow  octahedra,  stable  in  air. 
H.  L.  Wheeler  found  that  at  22°,  100  parts  of  hydrochloric  acid  of  sp.  gr.  1-05 
dissolve  13-09  parts  of  the  salt,  and  an  acid  of  sp.  gr.  1-2,  0-34  part.  By  a similar 
process,  H.  L.  Wheeler  prepared  caesium  hexachlorotellurite,  Cs2TeCl6,  in  yellow 
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octahedra  ; he  found  that  at  22°,  100  parts  of  hydrochloric  acid  of  sp.  gr.  1'05 
dissolve  0-78  part  of  the  salt,  and  an  acid  of  sp.  gr.  1-2,  0-05  part.  W.  Biltz  and 
H.  Friedrich  found  that  when  tellurium  tetrachlpride  is  melted  in  sealed  tubes 
with  silver  chloride,  the  liquid  separates  into  two  layers  when  over  20  molar  per 
cent.  AgCl  is  present.  The  lower  liquid  is  almost  all  silver  chloride  and  it  freezes 
at  440°-455°  ; while  the  upper  layer  contains  a eutectic  mixture  with  the  excess 
of  silver  chloride.  The  eutectic  at  210°  contains  about  9 molar  per  cent,  of  AgCl 
— Fig.  44.  No  silver  tellurium,  chloride  is  formed.  R.  Weber  heated  a mixture 
of  aluminium  trichloride  and  tellurium  tetrachloride  in  a sealed  tube,  and  drove 
off  the  excess  of  the  former,  by  the  application  of  a stronger  heat,  and  there 
remained  aluminium  decachlorotellurite,  2AlCl3.TeCl4.  This  compound  is  decom- 
posed at  an  elevated  temp. ; it  is  hydrolyzed  by  water  with  the  separation  of 
tellurous  acid  ; and  it  dissolves  completely  in  dil.  sulphuric  acid. 

J.  J.  Berzelius 3 said  that  bromine  unites  with  tellurium  at  ordinary  temp, 
with  the  development  of  heat ; and  he  obtained  tellurium  dibromide,  TeBr2,  by 
sublimation  from  a mixture  of  tellurium  and  its  tetrabromide.  The  dibromide 
appears  as  a greenish-black  crystalline  mass,  or  in  needle-like  crystals.  The 
powder  is  yellowish-olive-green.  J.  J.  Berzelius  said  that  the  vapour  is  dark 
violet ; and,  according  to  D.  Gernez,  its  absorption  spectrum  has  lines  in  the  red 
and  yellow.  Tellurium  dibromide  was  found  by  T.  Carnelley  and  W.  C.  Williams 
to  melt  at  approximately  280°  ; B.  Brauner  said  approximately  210°  ; and,  added 
J.  J.  Berzelius,  the  cold  mass  has  no  marked  lustre,  or  crystalline  fracture. 
T.  Carnelley  and  W.  C.  Williams  gave  339°  for  the  b.p.  at  760  mm. ; and  B.  Brauner 
gave  280°  in  vacuo,  and  added  that  sublimation  in  vacuo  begins  at  about  200°. 
As  in  the  case  of  tellurium  dichloride,  the  observations  of  M.  Damiens,  Fig.  45, 
show  that  as  the  compound  solidifies  it  dissociates  into  a solid  soln.  of  tellurium  in 
the  tetrabromide.  B.  Brauner  found  that  the  dibromide  is  decomposed  by  water  : 
2TeBr2=Te+TeBr4  ; and  in  moist  air,  this  change  rapidly  occurs.  A cone.  soln. 
of  tartaric  acid  dissolves  a part  of  the  dibromide  forming  a greenish-brown  soln. 
from  which  water  precipitates  tellurium. 

According  to  J.  J.  Berzelius,  tellurium  tetrabromide,  TeBr4,  is  prepared  by 
introducing  bromine  into  a glass  tube,  sealed  at  one  end,  and  cooled  by  immersion 
in  ice,  adding  powdered  tellurium,  not  in  excess,  with  frequent  stirring  ; the  excess 
of  bromine  is  removed  by  heating  the  mixture  on  a water-bath.  B.  Brauner 
removed  the  excess  of  bromine  by  a current  of  carbon  dioxide  ; unchanged 
tellurium  was  removed,  by  heating  the  mixture  which  converted  the  tellurium 
into  volatile  dibromide  ; and  oxybromide  was  removed  by  sublimation  in  vacuo 
at  300°.  C.  von  Hauer  prepared  the  tetrabromide  by  adding  bromine  to  a mixture 
of  tellurium  and  dil.  hydrobromic  acid,  until  the 
tellurium  dissolved ; the  ruby-red  liquid  was  then 
evaporated  on  a water-bath.  F.  A.  Gooch  and 
A.  W.  Peirce  warmed  tellurium  dioxide  with  an 
aq.  soln.  of  potassium  bromide  and  phosphoric 
acid  ; on  concentrating  the  soln.,  ruby-red  crystals 
of  tellurium  tetrabromide  are  formed. 

Tellurium  tetrabromide,  when  obtained  by  sub- 
limation, furnishes  dark  yellow  prisms  when  slowly 
cooled,  and  fiery  red  or  orange-red  when  rapidly 
cooled.  B.  Brauner  found  the  sp.  gr.  to  be  4-310 
at  15°/4°.  T.  Carnelley  and  W.  C.  Williams  gave 
380°  ± 6°  for  the  m.p.  J.  J.  Berzelius  said  that  the 
molten  liquid  is  dark  red,  and  it  forms  a crystalline 
mass  on  solidification.  M.  Damiens  gave  363°  for 
the  m.p. — Fig.  45.  T.  Carnelley  and  W.  C.  Williams  found  the  b.p.  to  be  414°  to  427°. 
J.  J.  Berzelius  added  that  the  vapour  is  yellow,  and  condenses  to  a yellow  powder, 
needle-like  crys^ls.  etc.  B.  Brauner  said  that  the  tetrabromide  cannot  be  melted 
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or  boiled  under  ordinary  atm.  press,  without  partial  decomposition  into  tellurium 
dibromide.  G.  Beck  studied  the  heat  of  soln.  in  water.  S.  Kyropoulos  measured 
the  dielectric  constants  of  the  crystals. 

According  to  J.  J.  Berzelius,  tellurium  tetrabromide  slowly  absorbs  moisture 
when  exposed  to  air,  and  it  dissolves  without  apparent  decomposition  in  a small 
proportion  of  water  ; with  a large  proportion  of  water,  the  yellow  liquid  is  resolved 
into  tellurous  and  hydrobromic  acids — the  former  appears  as  a precipitate.  If 
the  soln.  in  a small  proportion  of  water  is  evaporated,  it  furnishes  dark  ruby-red, 
rhombic  plates  which,  when  dried,  become  yellow  and  earthy.  B.  Brauner  found 
that  the  tetrabromide  is  soluble  in  an  aq.  soln.  of  tartaric  acid  (1  : 1),  and  the 
orange-yellow  soln.  can  be  diluted  with  water  without  separation  owing  to  the 
formation  of  tellurium  tartrate,  tellurous  acid,  however,  separates  with  a very  dil. 
soln.  of  tartaric  acid.  According  to  R.  Metzner,  tellurium  tetrabromide  unites 
with  hydrobromic  acid  with  the  evolution  of  heat ; when  the  soln.  is  cooled  to 
— 15°,  it  furnishes  orange-red,  needle-like  crystals  of  tellurium  hydropentabromide, 
TeBr4.HBr.5H20,  which  can  be  drained  on  a porous  tile,  and  dried  in  dry  air. 
The  crystals  melt  at  20°,  giving  off  hydrogen  bromide.  The  crystals  can  be  kept 
a long  time  at  a low  temp,  in  an  atm.  of  hydrogen  bromide ; they  are  very 
deliquescent  in  air,  and  give  off  hydrogen  bromide.  W.  Prandtl  and  P.  Borinsky 
found  that  sulphur  trioxide  reacts  with  the  tetrabromide  forming  Te0H2.S03. 
According  to  W.  Strecker  and  W.  Ebert,  the  tetrabromide  reacts  with  ammonia 
forming  what  is  probably  tellurium  hexamminotetrabromide,  TeBr4.6NH3,  which 
then  decomposes  into  nitrogen  telluride  (q.v.).  V.  Lenher  observed  that  tellurium 
tetrabromide  forms  complex  salts  with  methylamine,  trimethylamine,  ethylamine, 
aniline,  pyridine,  and  quinoline  ; J.  F.  Norris  and  R.  Mommers  obtained  a complex 
with  dimethylamine  ; and  V.  Lenher  and  W-  Titus,  with  quinine,  cocaine,  brucine, 
and  morphine.  A.  Lowy  and  R.  F.  Dunbrook  studied  its  action  on  primary, 
secondary,  and  tertiary  amines  ; and  E.  H.  Rusk,  on  phenols,  and  phenol  ethers. 

A number  of  bromotellurites  has  been  prepared.  W.  Muthmann  prepared 
ammonium  hexabromotellurite,  (NH4)2TeBr6,  from  a soln.  of  ammonium  bromide 
and  tellurium  dioxide  in  hydrobromic  acid.  The  dark  red,  octahedral  crystals  are 
less  soluble  than  the  potassium  salt.  A.  Gutbier  and  F.  Flury  prepared  a number 
of  complexes  of  the  type  (R.NH3)2TeBr6  involving  organic  radicles.  J.  J.  Berzelius 
prepared  potassium  hexabromotellurite,  K2TeBr6,  from  a soln.  of  potassium  chloride 
in  one  of  tellurium  bromide.  C.  von  Hauer  said  that  the  product  is  contaminated 
with  chloride,  and  he  obtained  the  salt  by  adding  bromine  to  a soln.  of  potassium 
bromide  mixed  with  tellurium  until  that  element  had  all  dissolved.  H.  L.  Wheeler 
used  an  excess  of  hydrobromic  acid  to  prevent  the  precipitation  of  tellurous  acid. 
The  anhydrous  salt  separates  from  the  boiling  soln.  in  dark  red  octahedral  crystals, 
which,  according  to  W.  Muthmann,  are  isomorphous  with  the  corresponding 
bromoselenite.  H.  L.  Wheeler  found  that  the  dihydrate,  K2TeBr6.2H20,  is  formed 
by  the  evaporation  of  the  aq.  soln.  at  ordinary  temp.  C.  von  Hauer  thought  the 
salt  is  trihydrated,  but  H.  L.  Wheeler  said  that  extra  water  in  the  latter  case  is 
present  as  inclusions.  According  to  C.  von  Hauer,  the  dark  red,  opaque  crystals 
resembling  octahedra,  belong  to  the  rhombic  system,  for  which  W.  J.  Grailich  and 
V.  von  Lang  obtained  the  axial  ratios  a ; b : c=0-6857  : 1 : 0-9415  ; and  H.  Baker, 
0-6711  : 1 : 0-9167.  The  optical  character  is  negative  ; there  is  no  marked  cleavage. 
The  crystals  effloresce  superficially  in  dry  air  ; and  C.  von  Hauer  found  that  they 
lose  their  water  of  crystallization  at  120°,  without  melting  ; the  dehydrated  salt 
is  orange-red.  At  a higher  temp.,  tellurium  tetrachloride  is  given  off. 
J.  J.  Berzelius,  C.  von  Hauer,  and  W.  L.  Wills  observed  that  the  salt  dissolves  in  a 
small  proportion  of  water,  but  if  the  soln.  be  diluted,  tellurous  acid  is  precipitated. 
H.  L.  Wheeler  found  that  the  salt  can  be  recrystallized  from  dil.  hydrobromic  acid  ; 
and  that  at  22°,  100  parts  of  this  acid  of  sp.  gr.  1-08  dissolve  62-90  parts  of  salt, 
while  with  an  acid  of  sp.  gr.  1-49  there  are  6-57  parts  dissolved.  J.  J.  Berzelius 
said  that  the  salt  is  decomposed  by  alcohol.  H.  L.  Wheeler  prepared  rubidium 
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hexabromotellurite,  Rb2TeBr6,  in  an  analogous  manner.  The  red  octahedral 
crystals  are  stable  in  air ; they  dissolve  in  a small  proportion  of  hot  water,  and 
on  cooling  tellurous  acid  crystallizes  out.  At  22°,  100  parts  of  hydrobromic  acid 
of  sp.  gr.  1-08  dissolve  3-08  parts  of  salt,  and  0'25  part  is  dissolved  by  an  acid  of 
sp.  gr.  1-49.  Red  octahedral  crystals  of  caesium  hexabromotellurite,  Cs2TeBr6,  are 
obtained  in  a similar  way.  At  22°,  10  parts  of  hydrobromic  acid  of  sp.  gr.  1-08 
dissolve  0-13  part  of  salt,  and  0-02  part  is  dissolved  by  an  acid  of  sp.  gr.  1-49. 
P.  Maier  studied  the  crystallography  of  aliphatic  bromotellurites. 

Tellurium  can  be  melted  with  iodine  in  all  proportions,  and,  added  J.  J.  Berzelius,4 
if  the  tellurium  be  in  excess,  the  product  has  a metallic  appearance,  while  if  the 
iodine  be  in  excess,  the  product  is  somewhat  soluble  in  water.  J.  J.  Berzelius 
found  that  when  a gram-atom  of  tellurium  is  heated  with  more  than  a gram-atom 
of  iodine,  the  excess  of  iodine  passes  off ; and  tellurium  diiodide,  Tel2,  sublimes 
in  black,  crystalline  flakes  having  some  metallic  lustre,  the  fused  mass  readily 
sublimes, and  the  mass  obtained  by  cooling  the  fused  compound  has  a non-crystalline 
fracture.  When  digested  with  aq.  hydrochloric  acid,  or  aq.  ammonia,  it  leaves  a 
residue  of  tellurium ; it  is  not  attacked  even  by  boiling  water.  A.  Gutbier  said 
that  when  tellurium  and  iodine  are  fused  together  in  the  requisite  proportion  to 
form  tellurium  diiodide,  Tel2,  a black  substance  is  produced  which  possesses  a 
metallic  lustre  and  melts  easily.  When  very  carefully  heated,  it  can  be  sublimed, 
but  its  composition  does  not  appear  to  be  constant. 

F.  M.  Jager  and  J.  B.  Menke  studied  the  f.p.  curve  of  mixtures  of  the  two  ele- 
ments. Tellurium  tetraiodide  was  the  only  compound  observed,  and  the  molten 
substance  is  considerably  dissociated.  There  is 
a eutectic  on  the  tellurium  side  at  165°  and 
41  per  cent,  of  tellurium,  and  this  is  near  the 
composition  required  for  tellurium  di-iodide  : on 
the  iodine  side,  the  eutectic  at  108°  is  very  near 
the  iodine  axis.  Solid  soln.  are  not  formed  to 
any  appreciable  extent,  and  there  is  no  evidence 
of  the  formation  of  a tellurium  periodide,  or  tellu- 
rium hexaiodide,  which  J.  J.  Berzelius  said  is 
formed  when  a piece  of  tellurium  is  dropped  into 
molten  iodine,  after  shaking  the  mixture,  and 
decanting  the  liquid  from  the  undissolved  tellu- 
rium. The  product  was  said  to  dissolve  sparingly 
in  water  forming  a dark  brown  liquid  which  is 
decolorized  by  ammonium  sulphite,  and  which 
deposits  tellurium  on  adding  hydrochloric  acid. 


Fig.  46. — Freezing-point  Curve 
of  the  System  : Te-I. 


M.  Damiens  f.p.  curve  of  mixtures 
of  iodine  and  tellurium  is  in  general  agreement  with  that  of  F.  M.  Jager  and 
J.  B.  Menke,  and  it  is  illustrated  by  Fig.  46.  F.  Olivari  studied  the  effect  of 
tellurium  on  the  f.p.  of  iodine,  and  accordingly  inferred  that  with  about  94  per 
cent,  of  tellurium,  the  mol.  wt.  of  tellurium  is  159  to  171-2 — the  theoretical  value 
for  Te=127-6.  E.  Beckmann  and  R.  Hanslian  also  found  that  cryoscopic  and 
ebullioscopic  measurements  of  soln.  of  tellurium  in  iodine  indicate  a large  pro- 
portion of  single  atoms.  R.  Wright’s  measurements  of  the  vap.  press,  of  soln.  of 
iodine  and  tellurium  gave  no  indication  of  solid  soln.  or  of  the  formation  of  any 
compound  other  than  the  tetraiodide. 

J.  J.  Berzelius  prepared  tellurium  tetraiodide,  Tel4,  by  digesting  tellurium 
powder  for  a considerable  time  with  iodine  and  water  ; and  evaporating  the  clear 
liquid  which  gives  off  the  excess  of  iodine  and  leaves  a small  proportion  of  the 
tetraiodide  as  residue.  He  also  found  that  by  digesting  tellurium  dioxide  with 
hydriodic  acid,  in  a closed  vessel,  it  is  slowly  converted  into  the  iron-grey  tetraiodide. 
A small  quantity  of  the  tetraiodide  dissolves  in  the  excess  of  hydriodic  acid  imparting 
to  it  a dark  brown  colour,  and  may  be  separated  from  it  in  iron-grey  prisms,  by 
evaporation  in  vacuo  over  sulphuric  acid  and  calcium  oxide  which  takes  up  the 
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excess  of  iodine  and  hydriodic  acid.  According  to  A.  Gutbier  and  F.  Flury, 
hydriodic  acid  acts  on  telluric  acid  in  two  ways.  In  dil.  soln.,  reduction  takes 
place  slowly  to  tellurium  dioxide,  and  after  some  time,  a dark,  granular  mass  of 
tellurium  tetraiodide,  Tel4,  separates.  No  indication  was  obtained  of  the  formation 
of  a di-iodide.  In  cone,  soln.,  the  reaction  takes  place  quickly  and  tellurium 
tetraiodide  is  at  once  precipitated  as  a heavy  iron-grey  substance.  Tellurium 
tetraiodide  forms  a dark-grey  powder,  or  iron-grey  prismatic  crystals  which  melt 
when  heated,  and,  according  to  A.  Gutbier  and  F.  Flury,  it  is  at  the  same  time 
decomposed.  F.  M.  Jager  and  J.  B.  Menke  gave  259°  for  the  m.p. ; and 
M.  Damiens,  280°.  When  boiled,  the  tetraiodide  gives  off  at  first  iodine  and  the 
distillate  becomes  richer  in  tellurium  until  what  was  thought  to  be  tellurium  sub- 
iodide remained.  The  subiodide  is  probably  tellurium  contaminated  with  iodine. 

J.  J.  Berzelius  said  that  the  tetraiodide  is  resolved  by  water  into  an  oxyiodide 
which  retains  the  form  of  the  tetraiodide,  and  hydriodic  acid  holding  a little 
tellurium  tetraiodide  in  soln.  Cold  water  has  but  a slight  decomposing  action 
and  remains  colourless,  taking  up  only  a small  proportion  of  hydriodic  acid ; boiling 
water  acquires  a dark  brown  colour,  and  forms  an  oxyiodide.  A.  Gutbier  and 
F.  Flury  said  that  the  tetraiodide  is  decomposed  by  water:  TeI4+2H20=4HI 
+Te02j  and  a similar  decomposition  occurs  with  alcohol.  The  tetraiodide  dissolves 
in  aq.  ammonia  ; it  also  dissolves  in  alkali-lye.  According  to  J.  J.  Berzelius,  when 
a sat.  soln.  of  tellurium  tetraiodide  in  cone,  hydriodic  acid  is  evaporated  in  vacuo 
over  sulphuric  acid,  long,  rectangular,  four-sided  prisms  are  obtained  having  a 
metallic  lustre.  R.  Metzner  obtained  a similar  product,  tellurium  hydropenta- 
iodide,  TeI4.HI.8  or  9H20,  by  passing  hydrogen  iodide  into  a soln.  of  tellurous  acid 
in  hydriodic  acid.  J.  J.  Berzelius  said  that  in  a sealed  glass  tube  the  crystals  melt 
to  a dark  brown  liquid  which  solidifies,  on  cooling ; and  in  an  open  vessel,  at  50° 
to  60°,  they  do  not  melt,  but  give  off  brown  fumes  of  hydrogen  iodide  decomposed 
by  contact  with  air,  and  leave  a residue  of  tellurium  tetraiodide.  R.  Metzner  said 
that  when  heated  out  of  contact  with  air,  the  crystals  melt  at  —55°,  and  solidify 
without  chemical  change  on  cooling  ; at  a higher  temp.,  they  lose  first  water  and 
then  hydrogen  iodide.  The  compound  is  decomposed  by  water  yielding  a precipi- 
tate of  tellurium  tetraiodide. 

Tellurium  tetraiodide  unites  with  the  iodides  of  the  alkali  metals  forming 
iodotellurites.  J.  J.  Berzelius  prepared  ammonium  hexaiodotellurite,  (NH4)2TeI6, 

from  a soln.  of  tellurium  tetraiodide  in  hydriodic  acid,  neutralized  with  ammonia. 
The  spontaneous  evaporation  of  the  liquid  furnishes  steel-grey  octahedral  crystals 
soluble  in  water  and  in  absolute  alcohol.  J.  J.  Berzelius  also  reported  that  hydrated 
sodium  iodotellurite  crystallizes  from  an  aq.  soln.  of  the  component,  salts,  but  this 
has  not  been  confirmed.  J.  J.  Berzelius  prepared  potassium  hexaiodotellurite, 
K2TeI6.2H20,  in  a similar  manner.  The  black  prismatic  crystals  were  found  by 
H.  L.  Wheeler  to  belong  to  the  monoclinic  system,  and  to  have  the  axial  ratios 
a : b : c=0-7047  : 1 : 0-5688,  and  /3=120°  53°.  The  crystals  lose  their  water  of 
crystallization,  without  decomposition,  at  100°  to  115°.  They  effloresce  super- 
ficially in  dry  air.  J.  J.  Berzelius  added  that  they  form  a brown  soln.  with  a small 
proportion  of  water,  and  are  decomposed  by  a larger  proportion  of  water. 
H.  L.  Wheeler  similarly  prepared  rubidium  hexaiodoteUunte,  Rb2TeI6,  in  micro- 
scopic octahedral  crystals  which  are  stable  in  air  ; and  which  are  slowly  decomposed 
by  cold  water,  rapidly  by  hot  water  with  the  separation  of  tellurium  dioxide  and  an 
oxyiodide.  They  dissolve  in  a small  proportion  of  alcohol.  H.  L.  Wheeler  also 
prepared  caesium  hexaiodotellurite,  Cs2TeI6,  as  a black,  amorphous  precipitate 
which  gradually  loses  iodine  when  exposed  to  air,  and  which  melts  at  a little  over 
the  b.p.  of  sulphuric  acid.  It  behaves  like  the  rubidium  salt  towards  water 
and  alcohol. 
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§ 13.  The  Oxyhalides  of  Tellurium 

According  to  A.  Ditte  1 tellurium  dioxide  absorbs  hydrogen  fluoride  with  the 
development  of  heat.  A.  Metzner  observed  that  tellurium  dioxide  dissolves  in 
43  to  55  per  cent,  hydrofluoric  acid  and  on  cooling  to  — 20°,  long,  transparent  crystals 
of  tellurium  hexoxyoctofluoride,  2TeF4.3Te02.6H20,  separate.  These  crystals 
decompose  when  heated  in  hydrogen  forming  tellurium  tetrafluoride,  and  fluor- 
iferous  tellurium  dioxide ; they  are  decomposed  by  water : 2TeF4.3Te02.6H20 
=5Te02+8HF+2H20.  E.  B.  R.  Prideaux  and  J.  O’Neil  Millott  did  not  obtain 
this  product  in  their  study  of  the  action  of  hydrofluoric  acid  on  tellurium  dioxide. 
They  measured  the  solubilities  of  tellurium  dioxide  in  aq.  hydrofluoric  acid  at 
10°,  and  found  that  with  the  following  concentrations  in  grms.  per  100  grms.  of 
HF  and  of  Te02, 
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Fig.  47. — The  Ternary  System  : 
HF-Te02— HzO  at  10°. 


The  results  with  the  concentrations  expressed  in  mols  of  the  constituent  per  100 
mols  of  soln.  are  plotted  in  Fig.  47.  The  addition  of  tellurous  acid,  H2Te03^H' 

-f-HTeO'3,  to  hydrofluoric  acid  represses  the  ioniza- 
tion of  the  hydrofluoric  acid,  H2F2^H'-f  HF2',  and 
removes  it  as  a complex  ion  of  the  complex 
fluoride  : 2H‘  + HTe03'  + HF2'^2H‘  + TeF202" 
-f H20  ; and  the  acid  then  crystallizes  from  the  aq. 
soln.  as  the  dihydrate : 2H2[Te02F2]— >2(Te0F2.H20) 
=TeF4.Te02.2H20.  R.  Metzner  found  that  when 
the  mother-liquor  obtained  in  the  preparation  of 
this  salt  just  described  is  more  strongly  cooled,  with 
frequent  stirring,  needle-like  crystals  of  tellurium 
oxydifluoride,  TeF2.Te02.2HF,  i.e.  2Te02.4HF, 
or  telluryl  difluoride,  Te0F2.H20,  are  formed. 
E.  B.  R.  Prideaux  and  J.  O’Neil  Millott  preferred 
the  formula  TeF4.Te02.H20,  and  were  unable  to 
decide  whether  to  write  it  2Te0F2.H20,  or  Te0F2Te02.2HF.  A.  J.  Hogbom,  and 
E.  B.  R.  Prideaux  and  J.  O’Neil  Millott  obtained  crystals  of  the  oxyfluoride  by 
evaporating  an  aq.  soln.  in  vacuo  over  cone,  sulphuric  acid.  R.  Metzner  found  that 
when  the  salt  is  heated,  it  yields  tellurium  dioxide  and  hydrogen  fluoride ; and 
that  it  is  decomposed  by  water. 

R.  F.  Weinland  and  J.  Alfa  said  that  cone,  hydrofluoric  acid  reacts  with  potas- 
sium tellurate  forming  potassium  difluotellurate,  K2Te03F2.3H20,  in  which  an 
atom  of  oxygen  is  replaced  by  two  atoms  of  fluorine  ; but  it  may  also  be  represented 
K2Te04.2HF.2H20.  It  is  obtained  by  evaporating  a soln.  of  a mol  of  telluric  acid 
and  2 mols  of  potassium  hydroxide  to  dryness  on  the  water-bath  and  dissolving 
the  residue  in  a slight  excess  of  hydrofluoric  acid ; it  crystallizes  in  microscopic, 
octahedral,  monoclinic  crystals,  is  fairly  stable  in  dry  air,  but  when  heated  evolves 
water  and  a small  quantity  of  hydrogen  fluoride,  or  at  a higher  temp,  oxygen,  and 
leaves  a residue  of  tellurium  dioxide  and  potassium  fluoride.  It  is  difficult  to 
dissolve  in  water,  yielding  a faintly  acid  soln.  and  cannot  be  recrystallized  from 
hydrofluoric  acid.  The  corresponding  rubidium  difluotellurate,  Rb2Te03F2.3H20, 
similarly  prepared,  furnishes  colourless  crystals  rather  more  soluble  than  the 
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potassium  salt.  Neither  ammonium  difluolcllurate,  nor  sodium  difluotdlurate  could 

be  prepared. 

J.  J.  Berzelius  obtained  a number  of  tellurium  oxychlorides  of  undetermined 
composition — e.g.  by  the  action  of  cold  water  on  tellurium  tetrachloride ; from  a 
soln.  of  the  tetrachloride  in  boiling  water  ; by  exposing  the  tetrachloride  to  moist 
air ; by  evaporating  a soln.  of  the  tetrachloride  on  the  water-bath  ; by  dissolving 
the  tetrachloride  in  hydrochloric  acid,  by  evaporating  a hydrochloric  acid  soln.  of 
telluric  acid ; and  from  a soln.  of  tellurium  in  aqua  regia.  A.  Michaelis  obtained 
oxychlorides  from  a soln.  of  tellurium  dioxide  in  molten  tellurium  tetrachloride. 
According,  to  A.  Ditte,  tellurium  dioxide  readily  absorbs  hydrogen  chloride  with 
the  development  of  heat  and  the  formation  of  a brown  mass.  If  the  temp,  be 
below  —10°,  the  product  has  the  composition  tellurium  dioxytrihydrotrichlo-ride, 
Te02.3HCl ; by  slightly  raising  the  temp,  tellurium  dioxydihydrodichloride, 
Te02.2HCl,  is  formed,  and  this  can  be  heated  to  90°  without  decomposition. 
T.  W.  Parker  and  P.  L.  Robinson  observed  no  evidence  of  the  formation  of  a 
complex  Te02.w.HCl  in  the  range  of  temp.  0°  to  150°.  At  0°,  hydrogen  chloride 
is  absorbed  to  form  a heterogeneous  product  which  loses  water  continuously  in  a 
stream  of  gas  as  the  temp,  is  raised.  At  about  110°,  it  melts  to  a brown  liquid 
forming  tellurium  oxydichloride,  or  telluryl  dichloride,  Te0Cl2.H20,  and  the 
reaction  is  completed  at  300°.  If  heated  to  a still  higher  temp.,  the  oxydichloride 
is  decomposed  into  tellurium  tetrachloride  and  dioxide : 2Te0Cl2=Te02+TeCl4. 
V.  Lenher  also  prepared  the  complex  Te02.2HCl,  but  showed  that  it  is  not  converted 
into  the  oxydichloride  by  heat  but  rather  into  a mixture  of  the  tetrachloride  and 
dioxide  without  the  intermediate  formation  of  an  oxydichloride.  If  the  tetra- 
chloride and  dioxide  are  heated  together,  no  combination  occurs,  and  on  cooling 
the  original  compounds  can  be  removed  unchanged.  K.  Lindner  and  L.  Apolant 
said  that  the  oxydichloride  is  formed,  with  the  separation  of  tellurium,  by  the 
action  of  water  on  tellurium  dichloride. 

J.  J.  Berzelius  obtained  tellurium  oxybromides  of  undetermined  composition — 
e.g.  by  exposing  tellurium  tetrabromide  to  moist  air  ; and  by  the  action  of  water 
on  the  tetrabromide.  A.  Ditte  found  that  tellurium  dioxide  at  ordinary  temp, 
absorbs  hydrogen  bromide  with  the  development  of  heat  forming  a dark  brown, 
crystalline  mass  which  at  —14°  absorbs  more  of  the  gas  to  form  a black,  crystalline 
mass  of  tellurium  dioxytrihydrotribromide,  Te02.3HBr ; if  the  temp,  be  raised  not 
over  40°,  this  passes  into  tellurium  dioxydihydrodibromide,  Te02.2HBr,  which 
begins  to  lose  water  when  heated  to  70°,  and  forms  tellurium  oxydibromide  or 
telluryl  bromide,  TeOBr2,  when  heated  up  to  300°.  At  a higher  temp.,  the  pale 
yellow  mass  melts  and  decomposes  2Te0Br2=Te02+TeBr4. 

J.  J.  Berzelius  obtained  tellurium  oxyiodides  of  undetermined  composition — 
by  boiling  tellurium  tetraiodide  with  successive  quantities  of  water  ; by  evaporating 
a sat.  soln.  of  the  tetraiodide  in  cone,  hydriodic  acid  ; and  from  a soln.  of  telluric 
acid  in  hydriodic  acid.  A.  Ditte  found  that  tellurium  dioxide  absorbs  hydrogen 
iodide  at  — 15°,  but  at  ordinary  temp.,  the  dioxide  is  decomposed.  The  absorption 
at  —15°  is  very  slow  because  the  dioxide  agglomerates  together.  He  was  unable 
to  fix  as  much  as  one  eq.  of  the  hydrogen  iodide  with  the  tellurium  dioxide  ; and 
as  the  temp,  rises,  the  product  decomposes  forming  tellurium  iodide. 
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§ 14.  Tellurium  Sulphides 

According  to  J.  J.  Berzelius,1  H.  Rose,  F.  Becker,  B.  Brauner,  L.  Staudenmaier, 
A.  M.  Hageman,  and  A.  Gutbier  and  F.  Flury,  the  precipitate  .produced  by  hydrogen 
sulphide  in  a hydrochloric  acid  soln.  of  tellurium  dioxide  in  hydrochloric  acid,  or 
an  acidified  soln.  of  an  alkali  tellurite,  is  unstable  tellurium  disulphide,  TeS2. 
M.  Chikasige  also  said  that  the  alleged  disulphide  is  really  a mixture.  When  first 
formed,  the  precipitate  is  red,  but  it  very  quickly  turns  brown,  brownish-black, 
and  finally  black,  owing  to  the  decomposition  of  the  sulphide  into  its  elements  ; 
and  if  the  dried  precipitate  be  extracted  with  carbon  disulphide,  all  but  1 to  4 per 
cent,  of  the  sulphur  can  be  removed.  B.  Brauner  thought  that  the  sulphur  so 
retained  was  evidence  that  a more  stable  sulphide  is  associated  with  the  ordinary 
disulphide,  but  F.  Becker,  A.  H.  Hageman,  and  L.  Staudenmaier  said  that  the 
sulphur  is  very  intimately  mixed  with  the  tellurium  and  inaccessible  to  the  sol- 
vents ; and  is  not  present  as  tellurium  sulphide  decomposable  by  hydrochloric  acid 
or  as  a variety  of  sulphur  insoluble  in  carbon  disulphide.  A.  M.  Hageman  found 
that  at  temp,  below  — 20°,  tellurium  disulphide  is  stable,  but  above  —20°  dis- 
sociation sets  in  ; and  at  — 20°  dissociation  is  slow,  and  becomes  more  rapid  as  the 
temp,  is  raised.  The  progress  of  the  dissociation  can  be  measured  by  the  pro- 
portion of  sulphur  extracted  by  carbon  disulphide,  but  the  reaction  is  never  com- 
plete— at  least  0-95  per  cent,  of  sulphur  remains.  The  production  of  tellurium 
disulphide  is  independent  of  the  cone,  of  the  acid.,  and  of  the  medium  in  which 
the  reaction  is  effected — e.g.  ether,  and  other  organic  solvents  can  be  used  instead 
of  water  as  solvent.  The  dissociation  and  stability  of  the  disulphide  is  solely  a 
question  of  temp.  A.  Gutbier  and  F.  Flury  suggested  that  the  precipitate  at 
the  moment  of  the  formation  is  sulphotellurous  acid,  H2TeS3,  or  the  complex 
H2TeS3.2H2S.  A.  Gutbier  found  that  a pseudo-solution,  or  a soln.  of  colloidal 
tellurium  disulphide  is  formed  as  a transparent  liquid  with  a blue  fluorescence. 
After  dialysis,  the  sol.  keeps  well ; and  by  freezing,  a solid  hydrosol  is  produced. 
R.  Astfalk  also  investigated  the  colloidal  disulphide. 

The  bluish-black  product,  alleged  to  be  the  disulphide,  TeS2,  according  to 
J.  J.  Berzelius,  acquires  a metallic  lustre  when  burnished.  It  softens  when  heated  without 
melting  completely  ; swells  up  ; and  solidifies  on  cooling  to  form  & blistered,  grey  mass. 
When  heated  in  a retort,  sulphur  distils  off  leaving  a residue  of  tellurium  ; a mixture  of 
the  product  with  a metal  sulphide  leaves  a residue  of  the  metal  telluride.  The  alleged 
tellurium  disulphide  forms  a yellow  soln.  with  boiling  alkali-lye  ; and  when  freshly  precipi- 
tated, dissolves  sparingly  in  cone.  aq.  ammonia.  R.  W.  E.  Maclvor  said  that  the  fresh 
precipitate  dissolves  in  a soln.  of  ammonium  sulphide,  but  owing  to  the  decomposition  of 
the  disulphide,  some  tellurium  remains  undissolved. 

W.  0.  Snelling  said  that  at  the  moment  of  precipitation  of  tellurium  sulphide 
by  hydrogen  sulphide  in  an  aq.  soln.  of  tellurous  acid,  only  half  the  sulphur  is 
soluble  in  carbon  disulphide,  and  that  the  insoluble  residue  consists  of  tellurium 
monosulphide,  TeS,  supposed  to  be  formed  in  accord  with  : 2H2S-f-H2Te03=TeS 
+S-f3H20.  This  compound  is  said  to  be  very  unstable  and  to  decompose  com- 
pletely in  about  4 hrs.  at  0°,  and  much  more  rapidly  at  higher  temp.  A.  M.  Hageman 
said  that  the  alleged  monosulphide  has  no  existence. 

According  to  J.  J.  Berzelius,  if  a dil.  aq.  soln.  of  telluric  acid  be  sat.  with 
hydrogen  sulphide,  and  set  aside  in  a closed  vessel  in  a warm  place,  it  turns  brown 
without  losing  its  colour ; afterwards  the  colour  disappears,  and  tellurium  tri- 
sulphide, TeS3,  is  deposited  as  a greyish-black,  shining  film  which  is  easily  rubbed 
off  in  flakes.  According  to  F.  Becker,  B.  Brauner,  and  A.  Gutbier  and  F.  Flury, 
the  precipitate  has  the  composition  Te  : 3S,  and  during  its  formation  some  telluric 
acid  is  reduced  to  tellurous  acid.  A.  Gutbier  and  F.  Flury  added  that  there  is  no 
sign  of  the  formation  of  a sulphoxytelluric  acid.  B.  Brauner,  and  F.  Becker  found 
that  the  alleged  tellurium  trisulphide  gives  up  nearly  all  its  sulphur  to  carbon 
disulphide — F.  Becker  found  about  6-15  per  cent,  escaped  extraction.  B.  Brauner 
said  that  the  sulphur  is  completely  volatilized  when  the  trisulphide  is  heated  in  a 
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current  of  an  indifferent  gas.  He  observed  that  telluric  acid  resembles  arsenic  acid, 
but  it  surpasses  it  in  so  far  as  it  is  acted  on  by  that  reagent  with  far  greater  difficulty. 
It  is  also  far  more  difficult  to  reduce  by  sulphurous  acid.  It  differs  from  arsenic 
acid  in  so  far  as  no  sulphoxytelluric  acid  is  formed  in  the  cold.  It  resembles  anti- 
monic  acid  in  the  arrangement  of  Atoms  corresponding  with  the  formation  of  a 
sulphoxytelluric  acid  being  very  unstable,  but  it  differs  from  it  in  that  if  the  acid 
in  question  is  formed  at  a high  temp,  it  is  immediately  destroyed.  Tellurium  differs, 
however,  most  essentially  both  from  arsenic  and  from  antimony,  in- the  fact  that 
tellurous  acid  and  telluric  acid  when  precipitated  with  hydrogen  sulphide,  give, 
as  a final  product  of  the  action,  precipitates  consisting  almost  entirely  of  free 
tellurium  and  of  free  sulphur  in  the  at.  proportions  Te-f-S2  or  Te-j-S3.  It  is  there- 
fore impossible  to  investigate  the  question  whether  telluric  acid,  when  treated  with 
hydrogen  sulphide  under  certain  conditions,  gives  the  disulphide,  and  under 
other  conditions  the  trisulphide,  in  the  same  way  as  could  be  done  with  arsenic 
and  antimony,  for  their  sulphides  are  relatively  stable.  A.  Gutbier  found  that 
when  a small  proportion  of  hydrogen  sulphide  is  passed  into  a dil.  soln.  of  telluric 
acid,  a soln.  of  colloidal  tellurium  trisulphide  is  formed.  It  is  steel-blue  to  violet 
by  transmitted  light. 

J.  J.  Berzelius  stated  that  tellurium  and  sulphur  may  be  melted  together  in 
all  proportions — with  an  excess  of  sulphur,  the  mixture  is  yellowish-red  ; as  the 
proportion  of  tellurium  is  in- 
creased, the  mixture  appears 
red  by  transmitted  light,  and 
black  by  reflected  light ; and 
with  a still  higher  proportion 
of  tellurium,  an  opaque,  lead- 
grey  mixture  is  produced. 

G.  Pellini  showed  that  the  f.p. 
curves  furnish  no  indication  of 
the  formation  of  a compound, 
but  a series  of  mixed  crystals 
may  be  obtained  both  by 
fusion  and  by  soln.  Some  of 
these  crystals  are  isomorphous 
with  rhombic  sulphur,  Figs.  1 
and  2,  for  instance,  those  con- 
taining 0-557  per  cent,  of  tellurium,  have  the  axial  ratios  a : b : c=0-8136  : 1 : 1-86929, 
while  artificial  sulphur  crystals  have  the  ratios  0-8108  : 1 : 1-9005.  A solid  amorphous 
soln.  of  tellurium  and  sulphur  was  obtained  which  is  insoluble  in  carbon  trisulphide. 
The  red  sulphur  of  Japan  is  said  to  be  an  isomorphous  mixture  of  sulphur,  selenium, 
and  tellurium.  The  f.p.  curves  of  mixtures  of  sulphur  and  selenium,  and  of 
selenium  and  tellurium  have  been  discussed  in  connection  with  selenium  sulphide 
and  tellurium  selenide.  G.  Pellini’s  observations  on  sulphur  and  tellurium  are 
illustrated  in  Figs.  48  and  49.  Fig.  49  shows  an  enlargement  of  the  f.p.  curves  in 
the  vicinity  of  the  eutectic.  M.  Chikashige  found  that  two  series  of  solid  soln.  are 
formed  of  limited  concentration  and  the  eutectic  given  by  M.  Chikashige  is  at  109° 
and  7 per  cent,  of  tellurium.  F.  M.  Jager  gave  106°  for  the  eutectic.  According 
to  M.  Chikashige,  the  transformation  temp,  of  sulphur  at  120°  and  94-5°  are' lowered 
by  tellurium.  Whilst  ^-sulphur  retains  2 per  cent,  of  tellurium  in  solid  soln., 
a-sulphur  retains  only  0-5  per  cent.,  but  the  separation  of  the  excess  occurs  only 
under  the  influence  of  light.  Molten  ^-sulphur  dissolves  10  per  cent,  of  tellurium, 
and  molten  y-sulphur,  20  per  cent.  Solid  soln,  with  less  than  0-5  per  cent,  of 
tellurium — including  Japanese  red  sulphur — -are  not  sensitive  to  light.  The 
supersaturated  crystals  containing  from  0-5  to  2-0  per  cent,  of  tellurium  change 
from  red  to  yellow  or  brown  when  exposed  to  light ; the  most  active  rays  have  a 
wave-length  A=4500.  The  decomposed  portions  are  more  readily  dissolved  by 


Figs.  48  and  49. — Fusion  Curve  of  Mixtures  of 
Sulphur  and  Tellurium. 
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carbon  dioxide  than  the  original  crystals.  L.  Losana  confirmed  G.  Pellini’s  value 
of  1-9  per  cent,  for  the  limit  of  complete  miscibility,  and  he  found  the  minimum  on 
the  liquid  curve  was  at  6 per  cent,  tellurium  and  the  maximum  eutectic  arrest 


Fig.  50. — Liquidus  Curves  in  the  Fig.  51. — Solidus  Curves  in  the 

Ternary  System  : Se-S-Te.  Ternary  System  : Se-S-Te. 

corresponds  with  this.  When  over  97-6  per  cent,  of  tellurium  is  present,  there  is 
no  trace  of  an  arrest  showing  that  there  is  a zone  of  solid  soln.  with  98  to  100  per 
cent,  tellurium.  L.  Losana  found  that  the  ternary  system  exhibits  formation  of 

neither  compounds  nor  ternary  eutectics,  but 
contains  two  zones  of  complete  miscibility  in 
which  there  exist  mixed  crystals  of  selenium  and 
tellurium  in  sulphur  and  mixed  crystals  of  sulphur 
and  tellurium  in  selenium.  The  formation  of 
mixed  sulphur-tellurium  crystals  is  favoured  by 
the  presence  of  selenium,  which  causes  solid  soln. 
with  high  proportions  of  tellurium  to  be  formed ; 
many  of  such  solid  soln.  exhibit,  however,  the 
phenomenon  of  more  or  less  rapid  unmixing. 
The  first  transformation  point  of  sulphur  is  de- 
pressed considerably  by  selenium  and  tellurium 
separately  and  to  a still  greater  extent  by  the  two 
elements  together.  L.  Losana’s  observations  are 
summarized  in  Figs.  50,  51,  and  52.  Accord- 
ing to  L.  Amaduzzi  and  M.  Padoa,  mixtures  of 
sulphur  and  selenium  are  devoid  of  photo-electric 
Fig.  52. — Projection  of  the  Liqui-  properties. 

temCUS^S-Tehe  Temary  Sy8‘  A.  Stock  and  P.  Praetorius  observed  that  when 

an  arc  is  maintained  under  carbon  disulphide 
between  a graphite  cathode  and  an  anode  of  tellurium  and  graphite  (10 : 1),  the 
anode  is  disintegrated,  and  a reddish-brown  soln.  is  produced  in  which  black 
particles  of  tellurium  and  graphite  are  suspended.  The  soln.  contains  non- 
volatile decomposition  products  of  carbon  disulphide,  and  carbon  subsulphide, 
(C3S2),  and  carbon  sulphotelluride,  CSTe, 'which  are  volatile  in  the  vapour 
of  carbon  disulphide.  Part  of  the  carbon  subsulphide  can  be  removed  by 
fractional  distillation  ; and  the  remainder  by  transforming  it  into  a non-volatile 
thiomalono-naphthylamide  by  treatment  with  /3-naphthylamine.  The  dil.  soln.  was 
concentrated  on  a water-bath,  and  subsequently  cooled  below  —30°  when  the 
sulphotelluride  was  obtained  in  yellowish-red  crystals  with  a penetrating  odour  of 
garlic.  If  it  be  smelled  for  a short  time,  the  breath  retains  a strong  odour  of  garlic 
for  a considerable  time.  Cryoscopic  and  ebulliscopic-  measurements  in  benzene 
or  carbon  disulphide  soln.  are  in  agreement  with  the  formula  CSTe.  The  sp.  gr. 
of  the  crystals  at  —50°  is  2-9,  and  the  vap.  press,  at  10°  is  about  2 mm.  The 
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crystals  melt  at  —54°  to  a brilliant  red  liquid  with  a high  refractive  power.  Carbon 
sulphotelluride,  either  solid  or  in  soln.,  becomes  blood-red,  then  black,  and  decom- 
poses rapidly  on  attaining  room  temp.  Some  decomposition  occurs  even  at  —50°. 
When  the  soln.  in  carbon  disulphide  is  treated  with  bromine,  it  gives  a precipitate 
of  tellurium  tetrabromide  ; and  mercury  extracts  all  the  compound  from  its  soln. 
Carbon  sulphotelluride  is  the  compound  which  was  previously  thought  to  be  carbon 
ditelluride  (q.v.). 

Salts  of  the  hypothetical  sulphotellurous  acid,  H6TeS5,  have  been  prepared,  as 
sulphotellurites.  J.  J.  Berzelius  said  that  the  sulphotellurites  of  the  alkali  metals 
and  magnesium  are  produced  by  saturating  the  soln.  of  the  corresponding  tellurite 
with  hydrogen  sulphide  : 3R2TeO3-j-9H2S=R0TeS5-}-2Te-j-4S-l-9H2O  ; they  are 
also  produced  by  the  action  of  a boiling  soln.  of  the  alkali  hydrosulphides  on  tel- 
luriupi  dioxide  ; and  by  dissolving  tellurium  disulphide  in  alkali-lye  : 5TeS2 
+ 18KOH— 3K2Te03-|-2K6TeS5-(-9H20.  The  salts  of  the  alkaline  earths  and 
of  the  heavy  metals  can  be  produced  by  double  decomposition  of  a salt  of  these 
elements  with  the  alkali  sulphotellurite.  The  alkali  sulphotellurites  are  brownish- 
yellow  when  anhydrous,  and  pale  yellow  when  hydrated.  They  can  be  heated  to 
redness  without  decomposition  if  protected  from  air.  The  sulphotellurites  of  the 
heavy  metals  are  decomposed  when  heated  out  of  contact  with  air,  forming  a metal 
telluride  and  basic  sulphide.  The  sulphotellurites  are  fairly  stable  in  air  ; freely 
soluble  in  water.  The  aq.  soln.  decomposes  rapidly  in  air  forming  a soluble  thio- 
sulphate and  precipitating  a mixture  of  sulphur  and  tellurium.  The  salts  dissolve 
in  alcohol  with  partial  decomposition.  Acids  precipitate  tellurium  disulphide. 
J.  J.  - Berzelius  reported  that  ammonium  sulphotellurite,  3(NH4)2S.TeS2,  or 
(NH4)6TeS5,  separates  when  a soln.  of  ammonium  tellurite  is  sat.  with  hydrogen 
sulphide,  and  evaporated  in  vacuo  over  potassium  carbonate.  The  pale  yellow, 
four-sided  prisms  lose  ammonium  hydrosulphide  when  exposed  to  air.  L.  Stauden- 
maier  said  that  the  salt  is  completely  decomposed  when  confined  over  sulphuric 
acid.  J.  J.  Berzelius  made  pale  yellow,  amorphous  lithium  sulphotellurite, 
presumably  Li6TeS5,  by  saturating  a soln.  of  lithium  carbonate  in  tellurous  acid  with 
hydrogen  sulphide,  and  evaporating  the  filtered  liquid  in  vacuo.  It  decomposes  easily 
in  air.  He  also  prepared  sodium  sulphotellurite,  Na0TeS5,  in  an  analogous  way ; 
and  A.  Gutbier  and  F.  Flury,  as  indicated  above,  prepared  Na2TeS3.2H2S,  by  the 
action  of  hydrogen  sulphide  on  a soln.  of  sodium  tellurate.  J.  J.  Berzelius  obtained 
pale  yellow,  four-sided  prisms  of  potassium  sulphotellurite,  K6TeS5,  by  an  analogous 
process.  The  salt  readily  fuses  to  a black  liquid  which,  on  cooling,  forms  a yellowish- 
brown  solid,  soluble  in  water.  The  salt  blackens  in  moist  air,  and  dil.  aq.  soln.  are 
also  quickly  decomposed  on  exposure  to  air.  The  copper  sulphotellurite,  Cu3TeS5, 
is  obtained  by  double  decomposition  as  a brown  precipitate ; similarly  black 
silver  sulphotellurite,  Ag6TeS5,  is  produced  by  double  decomposition.  It  is  decom  • 
posed  by  heat  into  silver  telluride,  etc.  By  boiling  calcium  sulphide  with  tellurium 
disulphide  and  water,  and  evaporating  the  filtrate,  a non-crystalline  mass  of  calcium 
sulphotellurite  is  produced  which  decomposes  rapidly  on  exposure  to  air  ; similarly 
with  strontium  sulphotellurite,  which  'forms  a pale  yellow,  unstable  solid  which  is 
completely  soluble  in  water ; while  barium  sulphotellurite  furnishes  pale-yellowish 
four-sided  prisms,  fairly  stable  in  air,  which  are  slowly  dissolved  by  water.  By 
adding  barium  sulphotellurite  to  a soln.  of  magnesium  sulphate,  and  evaporating 
the  filtrate  magnesium  sulphotellurite  is  formed  as  a pale  yellow  crystalline  mass 
soluble  in  water  and  alcohol,  similarly  with  zinc  sulphotellurite,  which  is  at  first 
light  yellow  and  then  turns  brown ; and  cadmium  sulphotellurite  is  formed 
similarly ; whilst  mercurous  sulphotellurite  furnishes  a dark  brown  precipitate 
which  decomposes  with  a hissing  noise  when  heated,  and  giving  off  mercury 
forms  yellowish-brown  mercuric  sulphotellurite  which  decomposes  into  sulphur 
and  mercury  telluride  when  strongly  heated.  When  an  aq.  soln.  of  a cerous  salt 
is  treated  with  potassium  sulphotellurite,  cerium  sulphotellurite  is  precipitated  ; 
it  is  brownish-yellow  at  first  but  soon  becomes  brownish-black.  I.  Pouget  could 
VOL.  xi.  i 
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not  prepare  telluroantimonites  analogous  to  the  selenoantimonites.  Antimony 
telluride  does  not  dissolve  in  a hot  soln.  of  potassium  telluride  or  hydrotelluride ; 
and  tellurium  is  itself  insoluble  in  alkali  sulphides — vide  infra.  J.  J.  Berzelius 
prepared  dark  brown  bismuth  sulphotellurite,  by  a similar  process,  a brown 
precipitate  of  stannous  sulphotellurite,  and  a dark  brown  precipitate  of  stannic 
sulphotellurite.  According  to  A.  Ditte,  tellurium  dissolves  in  boiling  soln.  of 
the  alkali  sulphides,  but  tellurium  is  deposited  in  crystals  as  the  soln.  cools. 
It  forms  no  alkali  tellurosulphostannates  analogous  to  the  seleno-sulphostannates. 
J.  J.  Berzelius  obtained  a dark  brown  precipitate  of  lead  sulphotellurite  by 
double  decomposition.  P.  Saldau  found  that  the  system  PbS-PbTedoes  not  form 
a continuous  isomorphous  mixed  series.  J.  J.  Berzelius  obtained  a precipitate 
of  manganese  sulphotellurite  by  a similar  process ; likewise  ferrous  sulpho- 
tellurite appears  to  be  formed  as  a black  precipitate ; ferric  sulphotellurite 
in  brown  flakes  ; cobalt  sulphotellurite,  as  a black  precipitate  and  likewise  also 
with  nickel  sulphotellurite.  A dark  yellow  soln.  of  platinum  sulphotellurite  was 
produced  by  the  action  of  potassium  sulphotellurite  on  a soln.  of  platinum  tetra- 
chloride; in  a few  days, 'it  deposits  the  sulpho-salt  in  dark  blue  flakes  which  turn 
black  when  dried. 

J.  B.  Hannay2  reported  a supposed  arsenic  sulphotellurite,  As2S3.2TeS2, 
which  was  called  arsenotellurite.  It  was  said  to  occur  in  small  brownish  needles 
on  arsenical  iron  pyrites.  The  complex  mineral  from  Nagyag,  called  Blattertellur — 
foliated  tellurium — was  named  nagyagite  by  W.  Haidinger  3 — vide  supra.  It  is 
the  aurum  galena  of  G.  A.  Scopoli ; the  or  gris  lamelleux  of  I.  Eques  a Born  ; the 
elasmose  of  F.  S.  Beudant ; the  Nagyakererz  of  A.  G.  Werner  ; the  Bldttererz  of 

D.  L.  G.  Karsten  ; and  the  blatterine  of  J.  J.  N.  Huot.  Analyses  were  reported  by 
P.  Berthier,  R.  Brandes,  F.  Folbert,  W.  Hanko,  S.  J.  Kappel,  M.  H.  Klaproth, 

G.  A.  Kenngott,  C.  F.  Plattner,  E.  Priwoznik,  P.  Schonbein,  W.  Muthmann  and 

E.  C.  Schroder,  E.  S.  Simpson,  and  P.  Sipocz.  The  results  show  that  although  the 
mineral  is  a lead  gold  sulphotellurantimonite,  no  definite  formula  can  be  assigned 
to  the  mineral.  The  composition  ranges  from  Pb10(Au,Ag)2Sb2Te6S15  to 
Pb17(Au,Ag)4Sb4Te10S18.  The  formula  was  discussed  by  A.  K.  Boldireff.  The 
occurrence  of  nagyagite  at  Nagyag  and  Offenbanyer,  Transylvania,  was  discussed 
by  M.  H.  Klaproth,  J.  F.  L.  Hausmann,  B.  von  Inkey,  G.  vom  Rath,  A.  Schrauf, 

H.  Hofer,  F.  R.  von  Hauer  and  G.  Stache,  F.  Beyschlag,  V.  R.  von  Zepharovich, 
and  E.  von  Fellenberg  and  B.  von  Cotta  ; in  Hungary,  by  F.  von  Richthofen, 
J.  D.  Dana,  and  A.  des  Cloizeaux.  The  silberphyllinglanz  of  A.  Breithaupt,  named 
nobilite  by  M.  Adam,  occurs  at  Deutsch-Pilsen,  Hungary.  A.  Breithaupt  called 
an  auriferous  variety  of  nagyagite,  edler  Molybdanglanz.  The  occurrence  of  nagya- 
gite in  North  Carolina  was  described  by  F.  A.  Genth,  and  J.  D.  Dana  ; in  Virginia, 
by  G.  A.  Kenngott ; in  New  Zealand,  by  J.  Park ; and  in  West  Australia,  by 
E.  S.  Simpson.  According  to  J.  C.  L.  Schroder  van  der  Kolk,  the  streak  of  dark 
lead-grey  mineral  has  a brownish  tinge.  The  mineral  occurs  in  granular  or  foliated 
masses,  or  in  thin,  flexible  plates  which,  according  to  A.  Schrauf,  belong  to 
the  rhombic  system,  having  the  axial  ratios  a : b : c=0‘2897  : 1 : 0-2761.  The 
(OlO)-faces  may  be  striated  ; and  the  (OlO)-cleavage  perfect.  The  crystals  were 
described  by  W.  Phillips,  W.  H.  Miller,  J.  D.  Dana,  and  L.  Fletcher ; J.  R.  Blum 
described  pseudomorphs  of  copper  pyrites  after  nagyagite.  The  sp.  gr.  given  by 
L.  Sipocz  is  7-4613  ; by  W.  Hanko,  7-347  ; and  by  W.  Petz,  7-22.  The  hardness  is 
over  1-0.  J.  Joly  found  nagyagite  gives  a sublimate  of  tellurium  monoxide  between 
440°  and  525°  ; and  of  the  dioxide  at  610°.  A.  de  Gramont  described  the  spark 
spectrum  ; F.  Beijerinck,  and  R.  G.  Harvey  said  that  it  is  a good  electrical  con- 
ductor ; and  E.  T.  Wherry,  that  it  is  a poor  radio-detector.  For  bismuth  sulpho- 
ditellurite,  Bi2STe2,  vide  supra , tetradymite. 

A.  Oppenheim  reported  that  salts  of  the  hypothetical  sulphotelluric  acid,  H2TeS,j, 
can  be  prepared  as  sulphotellurates  ; thus,  bypassing  hydrogen  sulphide  into  a soln. 
of  sodium  tellurate,  and  adding  sodium  hydroxide,  the  precipitated  tellurium  tri- 
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sulphide  passes  into  soln.,  and  the  liquid  after  saturating  it  again  with  hydrogen 
sulphide,  furnishes  sulphur-yellow,  needle-like  crystals  of  sodium  sulphotellurate, 
Na2TeS4.  The  formation  of  the  salt  is  represented  by  the  equation : 2Na2Te04 
4-7H2S=Te+3S+Na2TeS4-f  2Na0H+6H20  ; similarly  with  potassium  sulpho- 
tellurate, K2TeS4.  The  aq.  soln.  can  be  boiled  without  decomposition.  L.  Stauden- 
maier  said  that  it  is  probable  that  in  alkaline  soln.,  the  telluric  acid  is  reduced  by 
hydrogen  sulphide  so  that  the  alleged  sulphotellurates  are  really  sulphotellurites. 
A.  Gutbier  and  F.  Flury  could  not  prepare  alkali  sulphotellurates,  and  stated  that 
with  alkali  tellurates,  hydrogen  sulphide  gives  no  product  approximating 
Na2TeS3.2H2S. 

References. 

1 J.  J.  Berzelius,  Schweigger'a  Journ.,  6.  311,  1812  ; 34.  78,  1823  ; Pogg.  Ann.,  28.  392,  1833  ; 
32.  1,  577,  1834 ; A.  Ditte,  Compt.  Rend.,  95.  641,  1882  ; F.  Becker,  Liebig's  Ann.,  180.  260, 
1876 ; L.  Staudenmaier,  U ntersuchungen  uber  das  Tellur,  Leipzig,  1895  ; Zeit.  anorg.  Chem.,  10. 
197,  1895  ; A.  Gutbier,  Studien  uber  das  Tellur,  Leipzig,  1901  ; Zeit.  anorg.  Chem.,  32.  292,  1902  ; 
A.  Gutbier  and  F.  Flury,  ib.,  32.  272,  1902;  M.  Chikashige,  ib.,  72.  109,  1911  ; W.  O.  Snelling, 
Journ.  Amer.  Chem.  Soc.,  34.  802,  1912  ; A.  M.  Hageman,  ib.,  41.  329,  1919  ; F.  M.  Jager,  Proc. 
Amsterdam  Acad.,  12.  602,  1910  ; R.  Astfalk,  U ntersuchungen  uber  kolloides  Bor,  Silizium  und 
Tellurdisulfd,  Stuttgart,  1913  ; R.  W.  E.  Maclvor,  Chem.  News,  87.  209,  1903  ; H.  Rose,  Pogg. 
Ann.,  112.  316,  1861  ; B.  Brauner,  Journ.  Chem.  Soc.,  55.  382,  1889  ; 67.  527,  549,  1895  ; Sitzber. 
Akad.  Wien,  98.  456,  1889  ; Monatsh.,  10.  413,  1889  ; 12.  34,  1891  ; Zeit.  anorg.  Chem.,  32.  378, 
1902  ; A.  Oppenheim,  Beobachtungen  uber  das  Tellur  und  einige  seiner  V erbindungen,  Gottingen, 
1859  ; Journ.  prakt.  Chem.,  (1),  71.  278,  1857  ; L.  Losana,  Oazz.  Chim.  Hal.,  53.  i,  396,  1923  ; 
L.  Amaduzzi  and  M.  Padoa,  Nuovo  Cimento,  (6),  3.  i,  66,  1912  ; G.  Pellini,  Atti  Accad.  Lincei, 
(5),  18.  1,  701,  1909;  (5),  18.  ii,  19,  1909;  A.  Stock  and  P.  Praetorius,  Ber.,  47.  131,  1914; 
I.  Pouget,  Recherches  sur  les  sulfo-  et  les  selenio-antimonites,  Paris,  1899  ; Ann.  Chim.  Phys.,  (7), 
18.  561,  1899  ; P.  Saldau,  Ann.  Inst.  Mines  St.  Petersburg,  4.  228,  1913. 

2 J.  B.  Hannay,  Journ.  Chem.  Soc.,  26.  989,  1873. 

3 W.  Haidinger,  Handbuch  der  bestimmenden  Mineralogie,  Wien,  566,  1845  ; J.  J.  N.  Huot, 
Manuel  de  mineralogie,  Paris,  1.  185,  1841  ; F.  S.  Beudant,  Traite  eUmentaire  de  mineralogie, 
Paris,  2.  539,  1832  ; I.  Eques  a Bom,  Catalogue  methodique  et  raisonne  de  la  collection  des  fossiles 
de  Mile.  Eleonore  de  Raab,  Wien,  1790  ; Lythophylacium  Bornianum,  Praque,  1.  68,  1772  ; 
G.  A.  Scopoli,  Ann.  Hist.  Nat.,  3.  107,  1777  ; A.  G.  Werner,  Berg.  Journ.,  2.  373,  1789  ; V.  R.  von 
Zepharovich,  Mineraloqisches  Lexicon  fur  das  Kaiserthum  Oesterreich,  Wien,  283,  1859  ; 214, 
1873  ; W.  H.  Miller,  Introduction  to  Mineralogy,  London,  138,  1852  ; J.  D.  Dana,  A System  of 
Mineralogy,  New  York,  85, 1868  ; 106, 1892  ; J.  R.  Blum,  Die  Pseudomorphosen  des  Mineralreichs, 
Stuttgart,  262,  1863  ; G.  A.  Kenngott,  Uebersichte  der  Resultate  mineralogischer  Forschungen, 
Wien,  143,  1851  ; D.  L.  G.  Karsten,  Mineralogische  Tabellen,  Berlin,  56,  1800  ; M.  H.  Klaproth, 
Beitrage  zur  chemischen  Kenntniss  der  Mineralkorper,  Berlin,  3.  32,  1802  ; M.  Adam,  Tableau 
mineralogique,  Paris,  35,  1869  ; J.  F.  L.  Hausmann,  Handbuch  der  Mineralogie,  Gottingen,  133, 
1813  ; C.  F.  Plattner,  Die  Probirkunst  mil  dem  Lothrohe,  Leipzig,  421,  1853  ; E.  von  Fellenberg 
and  B.  von  Cotta,  Erzlagerstdtten  Ungarns  und  Siebenburgens,  Leipzig,  173,  1861  ; B.  von  Cotta, 
Berg.  Hutt.  Ztg.,  20.  190,  1861 ; W.  Phillips,  Introduction  to  Mine’’ ’logy.  London,  246,  1819  ; 
328,  1823  ; A.  Schrauf,  Zeit.  Kryst.,  2.  210,  239,  1878  ; L.  Sipocz,  ib.,  11.  211,  1885  ; Tschermak's 
Mitt.,  (2),  7.  269,  1886  ; H.  Hofer,  Jahrb.  geol.  Reichsanst.  Wien,  17.  1,  1866  ; F.  von  Richthofen, 
ib.,  11.  253,  1860  ; F.  Beyschlag,  Zeit.  prakt.  Oeol.,  4.  464,  1896  ; G.  vom  Rath,  Sitzber.  Niederrh. 
Ges.  Bonn.,  74,  201,  1876  ; V&rospatak  und  Nagyag  im  Siebengebiirg,  Bonn,  1876  ; F.  A.  Genth, 
The  Minerals  of  North  Carolina,  Washington,  26.  1891  ; S.  J.  Kappel,  Viertelj.  prakt.  Pharm.,  8. 
345,  1859  ; Chem.  Jahresb.,  770,  1859  ; J.  Joly,  Phil.  Mag.,  (6),  27.  1,  1914 ; F.  R.  von  Hauer 
and  G.  Stache,  Geologie  Siebenburgens,  Wien,  1863  ; B.  von  Inkey,  Nagyag,  Budapest,  1885  ; 
A.  des  Cloizeaux,  Manuel  de  mineralogie,  Paris,  2.  307,  1893  ; A.  Breithaupt,  V ollstandige  Charak- 
leristik  des  Mineralsystem,  273,  1832  ; Schweigger's  Journ.,  50.  178,  1828  ; R.  Brandes,  ib.,  35. 
489,  1821  ; J.  Park,  Proc.  Australasian  Assoc.,  3.  150,  1891  ; W.  Petz,  Pogg.  Ann.,  57.  477,  1842  ; 
L.  Fletcher,  Phil.  Mag.,  (5),  9.  188,  1880  ; P.  Schonbein,  Journ.  prakt.  Chem.,  (1),  60.  166,  1853  ; 
Liebig's  Ann.,  86.  201,  1853 ; F.  Folbert,  Verh.  Siebenbiirg.  Ver.  Naturwiss.,  8.  99,  1857  ; 
W.  Hanko,  Math.  Term.  Tud.  Ert.,  6.  340,  1886  ; E.  Priwoznik,  Vorkommen  von  Tellur  und 
Qewinnung  aus  seinen  Erzen,  Wien,  1893  ; Oesterr.  Zeit.  Berg.  Hutt.,  45.  219,  1895  ; E.  C-.  Schroder, 
Zur  Kenntniss  der  V erbindungen  des  Selens  und  des  Tellurs,  Fiirth,  1898  ; W.  Muthmann  and 
E.  C.  Schroder,  Zeit.  anorg.  Chem.,  14.  432,  1897  ; E.  S.  Simpson,  Bull.  West  Australian  Geol. 
Sur.,  42,  1912  ; W.  M.  Davy  and  C.  M.  Farnham,  Microscopic  Examination  of  Ore  Minerals, 
New  York,  98,  1920  ; J.  C.  L.  Schroder  van  der  Kolk,  Centr.  Min.,  78,  1901  ; F.  Beijerinck, 
News  Jahrb.  Min.  B.B.,  11.  439,  1897  ; A.  de  Gramont,  Bull.  Soc.  Min.,  18.  355,  1895  ; Analyse 
spectrale  directe  des  miner aux,  Paris,  1895  ; E.  T.  Wherry,  Amer.  Min.,  10.  30,  1925  ; P.  Berthier, 
Ann.  Chim.  Phys.,  (2),  51.  150,  1832  ; A.  Breithaupt,  V ollstandige  Character istik  des  Mineral- 
systems,  Dresden,  233,  273,  1832  ; A.  K.  Boldireff,  Centr.  Min.,  193,  1924  ; R.  G.  Harvey,  Econ. 
Geol.,  23.  778,  1928. 


116 


INORGANIC  AND  THEORETICAL  CHEMISTRY 


§ 15.  Tellurium  Oxysulphides  and  Sulphates 

R.  Weber,1  and  E.  Divers  and  M.  Shimose  found  that  when  sulphur  trioxide 
reacts  with  tellurium,  tellurium  sulphotrioxide,  TeS03,  is  formed.  The  two  sub- 
stances may  remain  in  contact  for  a short  time  without  reaction,  and  for  -a  longer 
time  if  the  mixture  is  cold.  There  is  an  evolution  of  heat,  and  the  reaction  is 
completed  a few  minutes  after  it  has  started.  The  excess  of  sulphur  trioxide  remains 
colourless ; the  sulphotrioxide  is  a bulky,  deep  red  solid.  After  the  sulphotrioxide 
had  been  digested  in  the  liquid  trioxide  at  30°-40°  for  some  time,  the  liquid  was 
drained  of!  and  the  adherent  trioxide  was  removed  by  heating  it  to  35°  in  vacuo, 
and  the  trioxide  absorbed  by  means  of  borax — potassium  hydroxide  as  absorbent 
acts  too  violently.  E.  Divers  and  M.  Shimose  made  the  sulphotrioxide  by  the  action 
of  hydrogen  telluride  on  a soln.  of  tellurium  dioxide  in  cone,  sulphuric  acid  : 2H2Te 
+Te02-f3H2S04=3TeS03-f5H20  ; by  the  action  of  cone,  sulphuric  acid  on 
tellurium  monoxide  : 2Te0-f-3H2S04=TeS03-t-Te(S04)2-i-3H20.  The  red  colour 
of  a soln.  of  tellurium  in  fuming  or  cone,  sulphuric  acid — noticed  by  M.  H.  Klaproth, 
A.  Hilger,  A.  C.  Schultz-Sellack,  F.  J.  Muller  von  Reichenstein,  H.  G.  Magnus, 
F.  von  Kobell,  H.  Rose,  J.  J.  Berzelius,  and  N.  W.  Fischer — was  attributed  by 
R.  Weber,  and  E.  Divers  and  M.  Shimose  to  the  presence  of  tellurium  sulphotrioxide, 
and  W.  Prandtl  and  P.  Borinsky  obtained  the  sulphotrioxide  by  the  action  of 
chlorosulphonic  acid  on  tellurium.  N.  W.  Fischer  said  that  the  red  colour  appears 
when  one  part  of  tellurium  is  present  in  2000  parts  of  acid  ; no  sulphur  dioxide 
is  evolved  as  the  red  coloration  is  produced.  If  the  red  soln.  is  heated,  the  red 
colour  disappears,  tellurium  sulphate  is  formed,  and  sulphur  dioxide  is  given  off. 
E.  Moles  studied  the  f.p.  and  conductivity  of  a soln.  of  tellurium  in  sulphuric  acid, 
and  obtained  abnormal  values  for  the  mol.  wt.  R.  Auerbach  found  that  tellurium 
dissolves  in  pyrosulphuric  acid  as  single  atoms ; and  on  coagulation  by  dilution 
with  water,  the  colour  changes  from  red,  through  violet,  to  blue  as  the  metal  is 
precipitated — cf.  selenium  oxysulphate. 

According  to  R.  Weber,  and  E.. Divers  and  M.  Shimose,  at  ordinary  temp, 
tellurium  sulphotrioxide  is  an  amorphous  solid,  which  softens  without  melting  at 
about  30°.  It  is  of  a beautiful  red  colour,  and  transparent  in  very  thin  layers. 
It  is  finely  vesiculated  in  consequence  of  the  vaporization  within  its  substance  of 
the  excess  of  sulphur  trioxide  at  first  mixed  with  it.  R.  Weber  said  that  it  is  very 
unstable,  decomposing  even  in  sealed  tubes  at  ordinary  temp,  yielding  sulphur 
dioxide,  but  E.  Divers  and  M.  Shimose  observed  it  to  be  quite  stable  at  ordinary 
temp,  in  the  closed  tube  when  pure,  neither  changing  colour  nor  evolving  sulphur 
dioxide.  During  its  preparation  and  purification,  also,  no  sulphur  dioxide  was 
produced,  when  the  sulphur  trioxide  was  quite  anhydrous.  The  sulphotrioxide 
does,  indeed,  sometimes  slowly  decompose  when  left  in  the  crude  state,  its  red 
colour  assuming  a brown  shade,  and  then,  too,  sulphur  dioxide  is  formed.  E.  Divers 
and  M.  Shimose  also  observed  that  when  red  tellurium  sulphotrioxide  is  heated 
sufficiently,  its  colour  changes  to  a bright  fawn-brown.  Prolonged  heating  in  a 
vacuum  even  at  35°  effects  this  change,  but  so  very  slowly  that  no  change  can  be 
perceived,  even  after  the  lapse  of  an  hour.  At  higher  temp,  the  transformation  is 
more  rapid,  and  at  90°,  almost  instantaneous.  No  gas  is  evolved,  and  nothing 
but  the  striking  change  of  colour  is  observable.  The  vesicular  condition  remains 
just  as  it  was,  even  to  the  iridescence  of  the  superficial  vesicles.  Heated  to 
130°,  it  softens  and  shrinks,  as  the  vesicular  structure  collapses.  Its  brown 
colour  is  now  of  a deeper  shade,  owing  to  the  absence  of  the  vesicles.  Heated  to 
180°,  it  again  changes  colour,  and  again  becomes  vesiculated,  this  time  from  evolu- 
tion of  sulphur  dioxide.  The  mass  eventually  becomes  black  and  solid  on  furl  r 
heating,  and  now  consists  of  the  tellurium  monoxide,  the  decomposition  being 
almost  complete  at  about  230°.  The  earlier  effects  of  heating  the  red  sulphotrioxide 
under  atm.  press,  do  not  appear  to  differ  essentially  from  those  of  heating  in  vacuo. 
The  brown  sulphotrioxide  remains  unaffected  when  digested  with  liquid  sulphur 
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trioxide,  but  like  the  red  sulphotrioxide  it  dissolves  readily  in  sulphuric  acid, 
without  evolution  of  sulphur  dioxide,  and  yields  the  usual  deep  amethyst-red  soln. 
In  its  behaviour  with  water,  no  difference  from  the  red  sulphotrioxide  has  been 
observed,  if  we  except  a somewhat  more  violent  action  in  the  case  of  the  red, 
perhaps  due  to  the  presence  of  a little  sulphur  trioxide  in  the  preparation  so  tested. 
If  water  be  passed  into  the  red  soln.  of  tellurium  in  sulphuric  acid,  the  tellurium 
is  all  precipitated  ; and  tellurium  sulphotrioxide  is  decomposed  by  water  TeS03 
-fi H20=Te+H2S04,  but  some  tellurium  monoxide  is  formed  (q.v.) : TeS03+H20 
=H2S03+Te0,  followed  by  2Te0+H20=Te+H2Te03  ; or  collectively  2TeS03 
-f3H20— Te+H2Te03+2H2S03.  These  equations,  said  E.  Divers  and  M.  Shimose, 
“ do  not  make  at  all  clear  the  production  of  excess  of  tellurium,  and  that  of  the 
sulphuric  acid  remains  inexplicable,  since  sulphurous  acid  has  no  reducing  action 
upon  tellurous  acid  either  alone  or  in  the  presence  of  sulphuric  acid,  hydrochloric 
acid  being  required.  Nor  is  the  constitution  clear.  If  the  sulphoxide  is  a sulphite,  it 
is  strange  that  it  should  dissolve  in  sulphuric  acid  without  giving  off  sulphurous  acid. 
Further,  if  it  is  a sulphite,  it  should  be  in  the  same  series  of  tellurium  compounds 
as  tellurium  monoxide,  and  there  should  be  a corresponding  hypotellurous  sulphate, 
S04Te,  formed  from  tellurium  monoxide  and  sulphuric  acid,  which  is  not  the  case. 
They  suggested  the  formulae  : 


0<T» 

S02 

Red  sulphotrioxide. 


0< 


TeO 

SO 


Brown  sulphotrioxide. 


which  represent  the  red  modification  as  a sulphonate  of  tellurium  in  the  unstable 
condition  of  bivalency,  and  the  brown  modification  as  a better  balanced  combination 
of  oxides  of  the  two  elements,  in  which  both  are  quadrivalent,  and  the  combination, 
therefore,  more  stable  under  rise  of  temp,  than  the  red  modification,  and  yet  a 
combination  out  of  which  the  tellurium  cannot  be  expected  to  separate  from  the 
sulphur  without  reduction  at  the  same  time  to  a,  state  of  lower  valency.”  R.  Auerbach 
said  that  tellurium  dissolves  as  Te-mols.  in  pyrosulphuric  acid.  W.  Prandtl  and 
P.  Borinsky,  by  analogy  with  their  hypothesis  for  sulphur  sesquioxide,  represented 
the  constitution  of  tellurium  sulphotrioxide  : 


°W° 

./b\Te 


0-/ 


Vide  the  action  of  tellurium  on  selenic  acid.  According  to  C.  A.  Cameron  and 
J.  Macallan,  coloured  compounds  produced  by  the  action  of  sulphur,  selenium,  and 
tellurium  on  selenic  acid  have  been  produced  by  the  action  of  these  elements  on 
sulphuric  acid  or  anhydride  to  form  the  compounds  SS03,  SeS03,  and  TeS03. 
Owing  to  their  similarity  in  the  modes  of  formation  with  those  formed  by  selenic 
acid,  it  is  assumed  that  the  resulting  selenotrioxides  are  analogous  to  the  sulpho- 
trioxides  in  which  selenium  and  sulphur  are  mutually  replaceable.  The  two  series 
of  compounds  are : 


Blue 

Green 

Red 


Sulphotrioxides. 

. SS03 
. SeS03 
. TeS03 


Selenotrioxides. 

SSe03 

SeSe03 

TeSe03 


The  colour  of  the  above  compounds  appears  to  be  almost  entirely  due  to  the  element 
which  is  added  on  to  the  anhydride  ; the  sulphur  or  selenium  in  the  residual  portion 
of  the  mol.  has  scarcely  any  effect  upon  the  colour. 

J.  J.  Berzelius  2 evaporated  a soln.  of  tellurium  in  cone,  sulphuric  acid,  and 
obtained  what  he  regarded  as  the  normal  sulphate  ; but  D.  Klein  and  J.  Morel 
showed  that  the  product  is  probably  a basic  salt,  telluryl  oxysulphate,  2Te02.S03  ; 
or  Te203(S04)  ; or  0— (Te0)2=S04.  B.  Brauner  obtained  this  product  by  boiling 
tellurium  dioxide  with  sulphuric  acid  (1  : 1),  and  cooling  the  soln.  D.  Klein  and 
J.  Morel,  P.  Kothner,  and  R.  Metzner  used  a more  dil.  acid,  and  evaporated  the 
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soln.  for  crystallization.  B.  Brauner  said  that  if  less  than  50  per  cent,  sulphuric 
acid  is  used,  tellurium  dioxide  separates  from  the  soln.  J.  J.  Berzelius,  A.  Gutbier, 
and  E.  Divers  and  M.  Shimose  obtained  the  salt  from  a soln.  of  tellurium  in  hot 
sulphuric  acid.  The  salt  furnishes  rhombic  prismatic  crystals,  which,  according 
to  K.  Yrba,  have  the  axial  ratios  a : b : c=0-5265  : 1 : 0'7860  ; the  (OOl)-cleavage 
is  complete ; complex  twinning  occurs  about  the  (llO)-plane.  The  crystals 
produced  by  the  slow  cooling  of  the  sulphuric  acid  soln.  are  colourless  six-sided 
prisms  ; and  those  obtained  by  rapid  cooling  are  microscopic,  six-sided  plates. 
The  sp.  gr.  of  the  tabular  crystals  is  4-605,  and  that  of  the  prismatic  crystals  4-7. 
R.  Metzner  found  that  the  crystals  are  non-hygroscopic,  and  stable.  No  decom- 
position occurs  at  440°,  but  at  500°,  a little  decomposition  occurs.  Hence  it  is 
easy  to  separate  adherent  sulphuric  acid  from  the  crystals,  by  heating  them  in  vacuo. 
J.  J.  Berzelius  said  that  the  salt  melts  when  heated,  and  at  a higher  temp,  gives  off 
sulphur  trioxide  leaving  a residue  of  tellurium  dioxide  ; cold  water  acts  slowly  on 
the  salt,  and  hot  water  transforms  it  completely  into  tellurium  dioxide  and  sul- 
phuric acid.  It  dissolves  in  warm  hydrochloric  and  nitric  acids,  and  separates  on 
cooling  the  hot,  sat.  soln.  R.  Metzner  utilized,  the  properties  of  this  sulphate  for 
the  separation  of  selenium  and  tellurium.  F.  Ephraim  prepared  tellurium  hexam- 
minosulphate,  TeS04.6NH3.  ^ 

R.  Metzner  prepared  ammonium sulphatotellurite,(NH4)HS04.2Te02.S03.2H20, 
by  adding  ammonium  sulphate  to  a soln.  of  telluryloxysulphate  in  hot,  dil.  sul- 
phuric acid  ; on  cooling,  acicular  crystals  separate  out.  He  also  prepared  potassium 
sulphatotellurite,  KHS04.2Te02.S03.2H20,  in  a similar  manner.  G.  Pellini 
observed  that  rubidium  hydrosulphatohydrotellurate,  Rb(HS04)(HTe04),  may  be 
formed — vide  supra,  hydrotellurates.  F.  Forster  and  co-workers  observed  no  sign 
of  the  possible  formation  of  tdlurothiosulphuric  acid,  or  tellurodithionic  acid  corre- 
sponding with  the  corresponding  selenium  compounds  (, q.v .).  W.  Prandtl  and 
P.  Borinsky  obtained  tellurium  hexoxydisulphotetrachloride,  TeCl4.2S03,  by  the 
action  of  pyrosulphuryl  chloride  on  tellurium  ; or  of  sulphur  trioxide  on  tellurium 
tetrachloride.  The  complex  melts  in  vacuo  at  85°  ; and  at  120°  in  vacuo  it 
furnishes  tellurium  trioxysulphotetrachloride,  TeCl4.S03.  It  was  also  found  that 
sulphur  trioxide  reacts  with  tellurium  tetrabromide  and  tellurium  heptoxydisulpho- 
dibromide,  Te0Br2.2S03,  is  formed. 
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§ 16.  Tellurium  Nitrates 

M.  H.  Klaproth,1  and  J.  J.  Berzelius  found  that  tellurium  is  readily  dissolved 
by  nitric  acid  forming  a colourless  soln.  D.  Klein  and  J.  Morel’s  observations 
on  this  subject  have  been  discussed  in  connection  with  tellurium  itself.  With  an 
acid  of  sp.  gr.  1-15,  the  evaporation  of  the  soln.  at  about  50°  furnishes,  according 
to  J.  F.  Norris  and  co-workers,  and  P.  Kothner,  telluryl  oxyhydroxynitrate, 
Te203(0H)(N03),  that  is,  H0-Te0-0-Te0-N03.  P.  Kothner  said  that  the 
formula  4Te02.N205.l-5H20  is  not  correct.  According  to  P.  Kothner,  the  salt  is 
best  prepared  by  dissolving  tellurium  in  a slight  excess- of  nitric  acid;  and 
evaporating  the  liquid  so  as  to  obtain  crystals  from  the  hot  soln.  The  crystals  are 
washed  with  warm  nitric  acid  of  sp.  gr.  U255,  and  then  with  colder  acid  ; and  then 
with  acid  at  5°,  then  with  a 3 : 1-mixture  of  cold  nitric  acid  and  absolute  alcohol  ; 
then  gradually  raising  the  proportion  of  alcohol  until  finally  alcohol  alone  is  used 
to  remove  the  last  trace  of  nitric  acid.  The  crystals  are  then  dried  in  vacuo  over 
phosphorus  pentoxide.  P.  Kothner  obtained  the  crystals  as  rhombic  prisms  from 
hot  soln.  J.  F.  Norris  and  co-workers  said  that  the  crystals  are  not  hygroscopic, 
and  do  not  lose  their  lustre  when  exposed  to  air,  but  in  moist  air,  P.  Kothner  found 
that  tellurous  and  nitric  acids  are  formed.  The  salt  is  not  changed  when  kept  in 
vacuo  over  calcium  chloride.  J.  F.  Norris  and  co-workers  said  that  the  nitrate  suffers 
no  loss  in  weight  from  110°  to  170°,  but  at  190°  the  crystals  begin  to  lose  nitrogen 
oxide  ; and  tellurium  dioxide  is  formed  at  300°.  According  to  D.  Klein  and 
J.  Morel,  the  basic  nitrate  is  slowly  decomposed  by  cold  water,  nitric  acid  and  a 
small  proportion  of  tellurium  dioxide  is  dissolved,  while  rectangular  plates  of  tel- 
lurium dioxide  remain.  At  a higher  temp.,  decomposition  is  almost  instantaneous  ; 
the  soln.  becomes  strongly  acid,  and  the  greater  part  of  the  tellurium  dioxide 
remains  undissolved  in  the  form  of  microscopic  octahedra.  These  facts  explain 
the  commonly-accepted  statement  that  tellurium  dioxide  is  slightly  soluble  in  water, 
but  does  not  redden  blue  litmus.  The  basic  nitrate  does  not  act  on  moistened 
litmus  in  the  cold  until  after  several  hours,  and  when  decomposition  takes  place 
the  soln.  of  a small  quantity  of  tellurium  dioxide  is  due  to  the  presence  of  the  free 
nitric  acid.  Basic  tellurium  nitrate  dissolves  in  nitric  acid  and  crystallizes  readily 
when  the  soln.  is  concentrated  and  cooled.  It  seems  to  be  much  more  soluble  in 
the  dil.  than  in  the  cone.  acid.  Soln.  in  nitric  acid  of  sp.  gr.  1*1— 1-4  are  stable 
at  all  temp,  and  soln.  in  acid  of  sp.  gr.  about  1-35,  are  not  decomposed  on  addition 
of  100  vols.  of  water.  On  the  other  hand,  soln.  in  nitric  acid  of  sp.  gr.  1*1  are 
■decomposed  by  water  with  precipitation  of  tellurium  dioxide,  decomposition 
being  more  rapid  the  greater  the  proportion  of  water.  The  limit  of  decomposition 
appears  to  be  reached  when  the  soln.  is  mixed  with  5 vols.  of  water  ; under  these 
conditions,  the  precipitation  of  tellurium  dioxide  is  very  slow,  and  with  a smaller 
proportion  of  water  no  decomposition  takes  place.  The  tellurium  dioxide  deposited 
when  the  nitric  acid  soln.  are  diluted,  does  not  crystallize  in  octahedra,  but  in  some 
perfectly  distinct  form. 

A.  Rosenheim  and  G.  Jander  found  that  soln.  containing  telluric  acid 
and  potassium  nitrate  deposit  large  crystals  of  potassium  dinitratotellurate, 
2KN03.H6Te06.2H20 ; and  they  can  be  recrystallized  from  dil.  soln.  of  potassium 
nitrate  without  decomposition.  Similarly,  with  soln.  of  silver  nitrate,  crystals 
of  silver  nitratotellurate,  AgN03.H6Te06,  were  formed.  They  attributed  the 
formation  of  these  complexes  to  the  weak  acid  nature  of  telluric  acid.-  A.  Oppenheim 
also  obtained  silver  nitratotellurate  as  a precipitate  by  adding  silver  nitrate  to  a 
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soln.  of  telluric  acid  ; similarly  with  mercurous  nitratotellurate,  and  with  lead 

nitratotellurate. 
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§ 17.  Tellurium  Phosphates 

J.  J.  Berzelius,1  and  H.  Rose  observed  that  when  a soln.  of  sodium  phosphate 
is  added  to  a neutral  or  feebly  acid  soln.  of  tellurous  acid  a white  precipitate  is 
formed  ; and  D.  Klein  found  that  the  spontaneous  evaporation  of  a soln.  of  tellurous 
acid  in  cone,  phosphoric  acid  furnishes  pulverulent  tellurium  phosphate  which 
cannot  be  washed  with  water  because  it  is  resolved  by  that  liquid  into  tellurium 
dioxide  and  phosphoric  acid.  The  product  contains  a variable  proportion  of 
phosphoric  acid.  F.  Ephraim  and  E.  Majler  were  unable  to  prepare  an  ammonium 
phosphotellurate  analogous  to  the  phosphoselenates.  According  to  R.  F.  Weinland 
and  H.  Prause,  telluric  acid  forms  compounds  with  phosphates  analogous  with 
those  obtained  with  the  arsenates,  thus,  ammonium  diphosphatotell urate, 
2(NH4)20.P206.Te03.4H20,  that  is,  {(NH40)2=P0}2Te02,  was  obtained  by 
evaporating  a soln.  of  2 mols  of  phosphoric  acid,  a mol  of  orthotelluric  acid,  and 
4 mols  of  ammonia.  The  four-sided  plates  belong  to  the  triclinic  system,  and 
have  the  axial  ratios  a :b  : c = 0-7337  : 1 : 0-7698,  and  a=90°  28',  j8=96°  42',  and 
y=91°  34'.  The  salt  is  easily  soluble  in  water,  and  the  soln.  has  an  alkaline  reaction ; 
it  can  be  recrystallized  from  water  ; but  it  ought  not  to  be  warmed  very  much  or 
ammonia  will  be  given  off.  If  the  three  components  just  indicated  be  in  proportions 
between  2 : 1 : 2-5  and  4:1:6,  ammonium  triphosphatotellurate,  4(NH4)20.3P205. 
2Te03.llH20,  or  {NH40-P0(0H)}2Te02  : TeO(OH).PO(ONH4)2,  is  produced  in 
monoclinic  prisms  or  plates  with  the  axial  ratios  a :h  : c=0-8097  : 1 : 0-6347,  and 
j3=116°  25',  with  twinning  about  the  (OOl)-plane.  The  crystals  react  acid  ; they 
can  be  recrystallized  from  water ; and  they  do  not  effloresce  over  sulphuric  acid. 
By  evaporating  slowly  over  sulphuric  acid  a soln.  of  2 mols  of  phosphoric  acid,  one 
mol  of  orthotelluric  acid,  and  2 mols  of  sodium  hydroxide,  six-sided, 
bipyramidal  crystals  of  sodium  phosphatotellurate,  2Na20.P205.2Te03.9H20, 
or  (Na0)2P0.0.Te02(0H),  are  formed.  The  salt  cannot  be  recrystallized  from 
water  without  decomposition.  The  hexagonal  crystals  have  the  axial  ratio 
a : c=l  : 1-3646  ; they  do  not  effloresce  over  sulphuric  acid  ; they  are  sparingly 
soluble  in  cold  water  ; the  aq.  soln.  is  slightly  alkaline  towards  litmus.  R.  F.  Wein- 
land and  II.  Prause  prepared  potassium  bydrodiphosphatotellurate,  1£K20.P205. 
Te03.17£H20,  or 

ICO  OTC 

> PO-O-TeO  2-0-PO  <qj^17H20 

by  the  evaporation  in  vacuo  over  cone,  sulphuric  acid  or  at  a temp,  below  40°,  of  a 
soln.  of  theoretical  proportions  of  the  component  salts.  The  acicular  or  prismatic 
crystals  of  the  heptadecahydrate  effloresce  at  ordinary  temp.,  but  are  stable  at  4°  or  5°. 
The  salt  is  soluble  in  water,  and  the  aq.  soln.  reacts  acidic.  The  salt  loses  all  its 
water  at  200° ; and  over  sulphuric  acid,  about  three-fourths  of  the  water 
is  given  off  forming  the  tetrahydrate,  (K0)2P0.0.Te020.P0(0H)0K.6H20.  The 
same  salt  is  produced  as  in  the  case  of  the  heptadecahydrate  using  a cone.  soln.  of 
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phosphoric  acid,  or  a soln.  of  4 mols  of  phosphoric  acid,  one  mol  of  orthotelluric  acid, 
and  5 mols  of  potassium  hydroxide.  The  salt  forms  radiating  aggregates  of  rhombic 
crystals  which  do  not  effloresce  in  the  desiccator,  and  lose  no  water  at  100°.  The  cor- 
responding rubidium  hydrophosphatotellurate,  (Rb0)2P0.0.Te02.0.P0(0H)0Rb. 
4H20,  was  obtained  from  a soln.  of  4 mols  of  phosphoric  acid,  one  mol  of  orthotelluric 
acid,  and  6 mols  of  rubidium  hydroxide. 

For  tellurium  phosphotridecachloride,  2TeCl4.PCl6,  vide  supra. 
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CHAPTER  LX 


CHROMIUM 

§ 1.  The  History  and  Occurrence  of  Chromium 

In  1766,  J.  G.  Lehmann1'  described  nova  minera  plumbi  specie  crystallina  rubra 
which  he  had  obtained  from  Ekateribourg,  Siberia,  but  for  the  next  thirty  years, 
the  composition  of  the  mineral  was  more  or  less  conjectural.  P.  S.  Pallas,  indeed, 
said  that  it  contained  lead,  sulphur,  and  arsenic.  J.  G.  Wallerius  called  it  minera 
plumbi  rubra  ; A.  G.  Werner,  rothes  Bleierz  ; and  L.  C.  H.  Macquart,  plomb  rouge 
de  Siberie — vide  infra,  crocoite.  J.  J.  Bindheim  supposed  the  mineral  to  be  a 
compound  of  molybdic  acid,  nickel,  cobalt,  iron,  and  copper.  In  1794,  L.  N.  Vau- 
quelin  in  co-operation  with  L.  C.  H.  Macquart,  reported  that  it  contained  lead 
oxide,  iron,  alumina,  and  a large  proportion — -38  per  cent.- — of  oxygen- — oxyde 
de  plomb  suroxygene  ; but  in  1797,  L.  N.  Vauquelin,  in  his  Memoire  sur  une  nouvelle 
substance  metallique,  contenue  dans  le  plomb  rouge  de  Siberie,  et  qu’ on  propose  d’appeler 
chrome,  showed  that  the  contained  lead  was  united  to  a peculiar  acid  which  was 
shown  to  be  the  oxide  of  a new  metal  to  which  he  applied  the  name  chrom — from 
Xpajpa.  colour — parce  que  ses  combinaisons  sont  toutes  plus  ou  moins  colorees. 

L.  N.  Vauquelin  said  : 

I observed  that  when  the  powdered  mineral  is  boiled  with  a soln.  of  two  parts  of 
potassium  carbonate,  the  lead  combines  with  the  carbonic  acid,  and  the  alkali,  with  the 
peculiar  acid,  to  form  a yellow  soln.  which  furnishes  a crystalline  salt  (potassium  chromate) 
of  the  same  colour.  The  mineral  is  decomposed  by  mineral  acids,  and  when  the  soln.  is 
evaporated  it  furnishes  a lead  salt  of  the  mineral  acid,  and  I’acide  du  plomb  rouge  (chromic 
acid)  in  long  prisms  the  colour  of  the  ruby.  When  the  compound  of  l' acide  du  plomb  rouge 
with  potash  is  treated  with  mercury  nitrate,  it  gives  a red  precipitate,  the  colour  of  cinnabar  ; 
with  lead  nitrate,  an  orange-yellow  precipitate  ; with  copper  nitrate,  a maroon-red,  etc. 
L'acide  du  plomb  rouge,  free  or  in  combination,  dissolves  in  fused  borax,  microcosmic  salt, 
or  glass  to  which  it  communicates  a beautiful  emerald  green  colour. 

L.  N.  Vauquelin  isolated  a pale-grey  metal  by  heating  a mixture  of  the  chromic 
acid  and  carbon  in  a graphite  crucible.  About  the  same  time  as  L.  N.  Vauquelin, 

M.  H.  Klaproth,  in  1797,  also  demonstrated  the  presence  of  a new  element  in  the 
red  Siberian  ore,  but  in  a letter  to  Crell’s  Annalen  he  stated  that  L.  N.  Vauquelin 
had  anticipated  his  discovery.  M.  H.  Klaproth  had  dissolved  the  mineral  in 
hydrochloric  acid,  and  after  crystallizing  out  the  lead  chloride,  he  saturated  the 
liquid  with  sodium  carbonate,  and  obtained  the  Metallkalk.  He  also  noted  the 
characteristic  colour  which  it  imparted  to  fused  borax,  and  fused  microcosmic  salt. 
The  results  were  confirmed  by  J.  F.  Gmelin,  A.  Mussin-Puschkin,  S.  M.  Godon  de  St. 
Menin,  and  J.  B.  Richter.  F.  Brandenburg  tried  to  show  that  the  chromic  acid 
of  L.  N.  Vauquelin  is  really  a compound  of  chromic  oxide  and  one  of  the  mineral 
acids,  but  K.  F.  W.  Meissner,  and  J.  W.  Dobereiner  proved  this  hypothesis  to 
be  untenable. 

Chromium  is  widely  diffused,  but  does  not  occur  in  the  free  state.  F.  W.  Clarke  2 
estimated  that  the  igneous  rocks  of  the  earth’s  lithosphere  contain  0-052  per  cent. 
Cr203,  0-045  per  cent.  Cl,  and  0-051  per  cent.  BaO.  F.  W.  Clarke  gave  0-37  per 
cent.  Cr ; F.  W.  Clarke  and  H.  S.  Washington,  0-68  per  cent. ; H.  S.  Washington 
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gave  0-20  per  cent. ; G.  Berg,  0-033  per  cent. ; and  J.  H.  L.  Vogt,  0-01  per  cent. 
W.  Vernadsky  gave  0-0033  for  the  percentage  amount,  and  0-01  for  the  atomic 
proportion.  F.  W.  Clarke  and  H.  S.  Washington  estimated  that  the  earth’s  10-mile 
crust,  the  hydrosphere  and  atm.  contained  0-062  per  cent.  Cr ; and  the  earth’s 
25-mile  crust,  the  hydrosphere  and  atm.,  0-65  per  cent,  of  Cr.  W.  and  J.  Noddack 
and  O.  Berg  gave  for  the  absolute  abundance  of  the  elements  in  the  earth  : Cr, 
3xl0— 5 ; and  Fe,  10— 2 ; whilst  A.  von  Antropofi  obtained  for  the  atomic  percent- 
ages, 0-29  in  stellar  atmospheres ; 0-021  in  the  earth’s  crust ; 0-05  in  the  whole 
earth ; and  0-29  in  silicate  meteorites.  The  subject  was  also  discussed  by 
V.  M.  Goldschmidt,  G.  Tamman,  R.  A.  Sonder,  P.  Niggli,  E.  Herlinger,  O.  Hahn, 
J.  Joly,  and  H.  S.  Washington.  P.  Pondal  said  that  the  proportion  of  chromium 
in  basic  rocks  is  greater  than  it  is  in  acidic  rocks  where  the  proportion  is  very  low 
or  zero  ; he  found  0-32  to  0-002  per  cent,  of  Cr203  in  15  samples  of  Galician  magmas. 

Chromium  occurs  in  minerals  of  extra-terrestrial  origin.  A.  Laugier3  found  it 
in  a meteorite  from  Vago.  According  to  L.  W.  Gilbert,  J.  Lowitz  had  previously 
found  chromium  in  a meteorite  from  Jigalowka,  but  the  analysis  was  not  published. 
Numerous  analysis  of  other  meteorites  have  been  reported  by  E.  Cohen,  and  others. 
J.  N.  Lockyer  studied  the  spectra  of  meteorites.  The  general  results  show  that 
chromium  is  a constant  constituent  of  these  meteorites.  The  amounts  vary  from 
0-003  to  4-41  per  cent.  In  most  cases  it  is  present  as  chromite  ; sometimes  in  the 
chondrite,  olivine,  pyroxene,  pictotite,  and  daubreeite,  FeCr2S4.  H.  A.  Rowland,4 
T.  Dunham  and  C.  E.  Moore,  S.  A.  Mitchell,  P.  W.  Merrill,  H.  Deslandres, 
G.  Kirchhoff,  J.  N.  Lockyer,  and  F.  McClean,  reported  that  the  spectral  lines  of 
chromium  appear  in  the  solar  or  in  stellar  spectra.  H.  Deslandres  also  found 
chromium  lines  in  the  ultra-violet  spectrum  of  the  corona. 

The  principal  mineral  for  the  supply  of  chromium  is  chromite.  It  has  a variety 
of  names : chrome  ore,  chrome-ironstone,  or  chrome  iron  ore,  Fe0.Cr203,  in  which 
the  iron  and  chromium  are  more  or"  less  replaced  by  magnesium  and  aluminium. 
Iron  ore  with  up  to  about  3 per  cent,  of  chromium  is  called  chromiferous  iron  ore. 
The  origin  of  the  chromite  deposits  has  been  discussed  by  M.  E.  Glasser,5 
L.  W.  Fisher,  E.  Sampson,  F.  Ryba,  C.  S.  Hitchin,  J.  S.  Diller,  P.  A.  Wagner, 
E.  A.  V.  Zeally,  J.  H.  L.  Vogt,  W.  N.  Benson,  A.  C.  Gill,  C.  S.  Ross,  and  J.  T.  Singe- 
wald.  E.  Sampson  believed  that  although  chromite  may  crystallize  at  a late  stage 
as  a magmatic  mineral,  a large  proportion  passes  into  a residual  soln.,  or  into  a 
highly  aq.  soln.  capable  of  considerable  migration.  The  following  analyses,  Table  I, 
were  quoted  by  W.  G.  Rumbold 6 


Table  I. — -Analyses  of  Chbomite  Ores. 


Locality. 

Cr203. 

FeO. 

MgO. 

ai2o3. 

Si02. 

Baluchestan 

57-0 

13-6 

16-6 

9-8 

1-2 

Selukwe,  Rhodesia 

46-5 

15-7 

11-7 

15-5 

8-0 

Canada  .... 

46-0 

22-5 

4-9 

8-9 

7-7 

Urals  Russia 

55-8 

21-6 

13-9 

3-3 

5-4 

Orsova,  Hungary  . 

39-0 

16-1 

17-2 

17-5 

80 

Asia  Minor  .... 

60-1 

15-7 

16-4 

6-3 

1-1 

California  .... 

43-7 

14-0 

16-5 

ICO 

80 

North  Carolina 

57-8 

25-7 

5-3 

7-8 

2-8 

New  Caledonia 

54-5 

17-7 

8-0 

11-1 

3-1 

The  commercial  value  of  the  ore  is  based  on  the  proportion  of  contained  chromic 
oxide.  The  ore  may  be  sold  per  ton  ; or  per  unit  of  contained  chromic  oxide  over, 
say,  a 50  per  cent,  standard.  Prior  to  the  Great  War,  Rhodesia  and  New  Caledonia 
were  the  chief  producing  countries  ; during  the  years  of  the  war,  and  with  the 
lack  of  facilities  for  ocean  freights,  there  were  marked  increases  in  output  from 
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United  States,  India,  and  Canada.  The  geographical  distribution  of  chrome 
ore  is  illustrated  in  a general  way  by  the  map,  Fig.  1 . 

Europe. — In  the  United  Kingdom,7  deposits  are  associated  with  the  serpentine  near 
Loch  Tay,  and  on  the  Island  of  Unst,  Shetland.  In  Austria,8  the  ore  has  been  worked 
in  the  Guise  Valley,  and  in  Styria ; in  Hungary,  at  Orsova,9  there  are  low  grade  ores  at 
Ogradina,  Dubova,  Placishevitsa,  Tsoritza,  and  Eibenthal ; and  in  Serbia,10  near  Cacak. 
In  Germany,11  there  is  a large  deposit  of  chromite  on  the  south  side  of  Mount  Zobten,  Lower 
Silesia  ; the  exploitation  of  the  chromite  near  Frankenstein,  Lower  Silesia,  has  not  been  a 
commercial  success.  In  Italy,12  at  Ziona.  Greece  13  has  been  a steady  producer  of 
chromite  for  many  years  ; there  are  important  deposits  at  Volo,  and  Pharsala  ; there  are 
deposits  in  the  provinces  of  Salonika,  Lokris,  and  Boitio  ; and  on  the  islands  of  Euboea, 
and  Skyros.  E.  Nowack,14  and  D.  A.  Wray  described  the  deposits  in  Macedonia  and 
Albania.  In  Turkey,15  there  are  deposits  of  chrome  iron  ore.  In  Norway,16  there  are 
deposits  at  Trondhjem,  and  Roraas  ; those  in  Sweden  were  discussed  by  F.  R.  Tegengren.17 
In  Portugal,18  there  is  a deposit  near  Braganca  ; and  in  Spain,19  near  Huelva.  Russia  20 
is  rich  in  chromite  ore,  and  was  formerly  a large  producer.  Chrome  ore  is  found  associated 
with  the  soapstones  and  serpentines  of  the  Ural  Mountains — e.g.  on  the  banks  of  the 
Kamenka  and  Fopkaja.  Masses  of  chromite  occur  at  Orenburg.  In  Jugoslavia  chrome 


Fig.  1. — Geographical  Distribution  of  Chrome  Ores. 


ore  occurs  at  Ridjerstica  in  Serbia  ; and  in  the  valleys  of  Dubostica,  Tribia,  and  Krivaia 
in  Bosnia.21  Chromite  also  occurs  at  Raduscha,  and  the  provinces  of  Kossovo  and 
Monastir.  P.  Lepez,22  E.  Nowack,  and  D.  A.  Wray  described  the  deposits  of  north-west 
Macedonia. 

Asia- — in  Northern  Borneo,  there  are  deposits  on  the  Malliwalli  Island,  and  chromite 
sands  on  the  Marasinsing  Beach.  In  the  Islands  of  Celebes,23  also,  there  are  chromite 
sands.  In  Ceylon,  alluvial  chromite  occurs  in  the  Bambarabotuwa  district.  In  India,24 
chromite  occurs  in  the  periodotite  rocks  near  Salem,  Madras,  and  also  in  the  Andaman. 
There  is  a deposit  near  Khanogia,  Pischin,  and  in  the  districts  of  Mysore,  Hassan,  and 
Shimoga  of  the  State  of  Mysore.  There  are  also  deposits  of  chromite  in  Bihar  and  Orissa 
of  the  Singhbhum  district  near  Retnagiri,  Bombay  Presidency  ; and  in  the  Hindubagh 
district  of  Baluchistan.  In  Asia  Minor,25  deposits  were  discovered  in  1848  ; and  from 
about  1860  to  1903,  that  country  supplied  about  half  the  world’s  output.  There  are 
several  mines  near  Brusa.  There  are  also  deposits  in  Smyrna,  Adana,  Konia,  and  Anatolia. 
In  the  Netherlands  East  Indies,  there  is  a deposit  to  the  north  of  Malili,  Celebes.  In 
Japan,26  there  are  deposits  at  Wakamatsu,  Province  of  Hoki,  and  at  Mukawa,  Province 
of  Iburi. 

Africa. — In  Rhodesia,27  the  deposits  near  Selukwe,  Southern  Rhodesia,  have  for  some 
years  yielded  a larger  output  than  any  others.  There  are  also  deposits  in  I omagundi, 
Victoria,  and  Makwiro.  In  Natal,  chromite  occurs  at  Tugela  Rand,  near  Krantz  Kop. 
In  the  Transvaal,28  chromite  occurs  west  of  Pretoria ; and  in  the  districts  of  Lydenburg, 
and  Rustenberg.  In  Togoland,29  West  Africa,  there  is  a deposit  between  Lome  and 
Atakpame.  It  also  occurs  in  Algeria.  . 

America. — In  Alaska,30  there  are  deposits  of  chromite  on  the  Red  Mountain,  Kenai 
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peninsula.  In  Canada,31  chromite  occurs  in  the  neighbourhood  of  Coleraive,  Thetford  and 
Black  Lake  in  the  Province  of  Quebec.  The  Mastadon  claim,  British  Columbia,32  produced 
about  800  tons  of  chromite  in  1918.  There  are  deposits  at  Port  auH  /,  at  Benoit  Brook, 
and  near  the  Bay  d’Est  river,  Newfoundland.  Many  deposits  of  ch  'omite  occur  in  the 
United  States.  It  occurs  in  thirty-two  counties  of  the  State  of  Cai-iornia : 33  Alemeda, 
Amador,  Butte,  Calaveras,  Colusa,  Del  Norte,  El  Dorado,  Fresno,  Glenn,  Humboldt, 
Lape,  Mariposa,  Mendocino,  Monterey,  Napa,  Nevada,  Placer,  Plumas,  San  Benito,  San 
Luis  Obispo,  Santa  Barbara,  Santa  Clara,  Shasta,  Sierra,  Suskiyow,  Sonoma,  Stanislaus, 
Tehama,  Trinity,  Tulare,  and  Tuolumine  ; near  Big  Timber,  and  Boulder  River,  in 
Montana ; at  Mine  Hill,  and  near  Big  Ivey  Creek,34  North  Carolina ; at  Golconda,  Oregon  ; 35 
in  Maryland ; 38  in  Wyoming ; and  on  the  Pacific  Coast.37  There  are  also  chromite 
deposits  in  Nicaragua,  in  the  Jalapa  County,  Guatemala  ; and  in  several  parts  of  Cuba.38  In 
Brazil,3*  there  aTe  deposits  north-west  of  Bahia ; and  in  Colombia,  at  Antioquia. 

Australasia. — In  New  Caledonia,40  important  deposits  are  located  amongst  the  moun- 
tains in  the  southern  part  of  the  Island.  In  Australia,  there  are  deposits  between  Keppel 
Bay  and  Marlborough,  Queensland  ; 41  near  Nundl,  Pueka,  and  Mount  Lighting,  New 
South  Wales  ; Gippsland,  Victoria  ; and  North  Dundas,  and  Ironstone  Hill,  Tasmania ; 
and  a chromiferous  iron  ore  occurs  at  North  Coolgardie,  West  Australia.  In  New  Zealand,42 
chromite  deposits  occur  at  Onatea,  Croiselles  Harbour  ; in  the  Dun  Mountain  ; Moke 
Creek,  Milford  Sound,  in  Otago  ; and  between  D’Urville  Island  and  the  gorge  of  Wairva 
River. 

In  1924,  the  price  of  chrome  ore  ranged  from  9s.  6 d.  to  11s.  per  unit.  The 
world’s  production  of  chromite  ore  in  1913  and  1916,  expressed  in  long  tons  of 
2240  lb.  avoir.,  was  respectively,  India,  5676,  and  20,159  ; New  Caledonia,  62,351, 
and  72,924  ; South  Rhodesia,  56,593,  and  79,349  ; Canada,  — , and  24,568 ; 
Australia,  677,  and  451  ; Bosnia,  300,  and  -r— ; Greece,  6240,  and  972  ; Japan, 
1289,  and  8147 ; and  the  United  States,  255,  and  47,034.  The  World’s  productions 
in  these  years  were  respectively  133,381  and  262,353.  For  1922,  the  results  were  : 


United  Kingdom 

595 

Russia 

1,500 

South  Rhodesia 

83,460 

Cuba 

1 

Union  South  Africa  . 

86 

Guatemala  . 

. 

Canada  . 

686 

United  States 

420 

India 

22,777 

Brazil 

— 

Australia 

529 

Asia  Minor  . 

2,500 

Greece 

9,768 

Japan 

3,696 

Jugoslavia 

16 

New  Caledonia 

19,063 

Rumania 

30 

World  . 

. 145,000 

The  minerals  containing  chromates  include  natural  lead  chromate,  crocoite, 
or  crocoisite,  PbCr04 ; phoenicochroite.  or  melanochroite,  or  phoenicite, 
3Pb0.2Cr03 ; beresowite  or  beresovite,  6Pb0.3Cr03.C02 ; vauquelinite,  and 
laxmannite,  2(Pb,Cu)Cr04.(Pb,'Cu)3(P04)2 ; tarapacaite,  K2Cr04,  mixed  with 
sodium  and  potassium  salts ; jossaite  contains  chromates  of  lead  and  zinc ; 
dietzeite,  an  iodate  and  chromate  of  calcium.  These  are  also  daubreeite,  FeCr2S4  ; 
redingtonite,  a hydrated  chromic  sulphate;  chromite,  Fe0.Cr203 ; magnochromite, 
(Mg,Fe)0.Cr203;  and  chromitite,  (Fe,Al)203.2Cr203. 

C.  Porlezza  and  A.  Donati  43  observed  the  presence  of  chromium  in  the  volcanic 
tufa  of  Fiuggi ; and  A.  Donati,  in  the  products  of  the  Stromboli  eruption  of  1916. 
There  is  a number  of  silicate  minerals  containing  chromium  ; in  some  cases  the 
chromium  is  regarded  as  an  essential  constituent ; in  others,  as  a tinctorial  agent — 
R.  Klemm.  The  chromosilicates  have  been  previously  discussed — 6.  40,  865. 
There  are  the  calcium  chrome  garnet,  uwarowite  ; the  hydrated  chromium  aluminium 
iron  silicate,  ivolchonskoite ; the  bright  green,  clayey  chrome  ochre — selwynite, 
milochite,  alexandrolite,  cosmochlore  or  cosmochromite  ; the  chrome-augite,  omphacite 
or  omphazite ; the  augitic  diaclasite  ; the  chromediopside  ; chromdiallage ; the 
chrome-epidote  of  F.  Zambonini 44  or  the  tawmawite  of  A.  W.  G.  Blaeck ; the  chromic 
mica fuchsite ; the  chromic  muscovite,  avalite ; the  chromic  chlorite  hdmmererite— and 
the  variety  rhodochrome  ; as  well  as  chromochlorite  or  rhodophyllite,  and  pennine  ; the 
chromic  clinochlor,  ripidolite,  and  kotschuoeyite ; serpentine ; and  chromotourmaline. 
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P.  Groth,45  G.  Rose,  and  A.  Schrauf  found  chromium  in  wulfenite.  The  coloration 
of  minerals  by  chromium  was  discussed  by  W.  Hermann,46  K.  Schlossmacher,  and 

A.  Yerneuil.  The  coloured  alumina  smaragd,  sapphire,  and  syenite  are  chromiferoua. 
Some  spinels  are  chromiferous — e.g.  chromospinel ; and  the  so-called  picotite,  or 
chromopicotite,  is  a chromospinel ; while  alexandrite  is  a chromiferous  beryl. 
K.  A.  Redlich  47  described  a chromiferous  talc ; and  K.  Zimanyi,  a chromiferous 
aluminium  phosphate.  Chromium  occurs  in  the  phosphate  rocks  of  Idaho  and  Utah. 

B.  Hasselberg  reported  traces  of  chromium  in  a specimen  of  rutile  he  examined 
spectroscopically ; E.  Harbich,  in  amphibole ; and  H.  O’Daniel,  in  pyroxene ; 
A.  Jorissen  found  chromium  in  the  coal  of  La  Haye,  and  the  flue-dust  from  this  fuel 
had  0-04  per  cent,  of  Cr.  H.  Weger  reported  chromium  in  a sample  of  graphite  ; 
F.  Zambonini  found  chromium  spectroscopically  in  vesbine  of  the  crevices,  etc.,  and 
in  the  Vesuvian  lava  of  1631.  R.  Hermann,  A.  Vogel,  C.  E.  Claus,  P.  Collier, 
and  G.  C.  Hoffmann  observed  chromium  associated  with  native  platinum ; and 
J.  E.  Stead,  with  iron,  and  steel,  and  basic  and  other  slags. 

Compounds  of  chromium  do  not  play  any  known  part  in  the  economy  of  animals 
or  plants  ; and  it  has  rarely  been  detected  in  animal  or  vegetable  products. 
E.  Demargay 48  observed,  spectroscopically,  traces  of  chromium  in  the  ash  of 
Scotch  fir.  silver  fir,  vine,  oak,  poplar,  and  horn-beam  ; and  L.  Gouldin  found  it  in 
the  fruit  of  a rose. 
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§ 2.  The  Extraction  of  Chromium  as  Chromic  Oxide  or  Chromate 

When  the  chromite  is  disseminated  in  disconnected  patches,  it  is  mined  by 
open  quarries  generally  in  terraces  or  benches  ; and  when  large,  well-defined 
deposits  occur,  as  at  Selukwe,  Rhodesia,  underground  workings  are  practicable. 
Chromite  is  not  so  hard  as  quartz,  but  it  is  tougher,  and  does  not  break  so  easily. 
The  mining  is  therefore  assisted  by  blasting.  Hand  concentration  by  sorting  may 
be  used.  Here  the  ore  is  separated  from  waste  by  means  of  a hammer  ; the  larger 
pieces  of  ore  may  be  broken  into  coarse  lumps  in  a jaw  crusher,  and  passed  on  to 
a revolving  table  or  endless  belt  for  hand-sorting.  For  concentrating  by  gravity 
machines,  the  ore  is  crushed  moderately  fine  in  a drop-stamping  machine  or  in  a 
ball  mill,  and  then  passed  by  water  over  a table  concentrator  whereby  it  is  separated 
into  (i)  concentrate — consisting  of  chromite  only  ; (ii)  middling — containing  much 
chromite  ; (iii)  tailings — containing  but  little  chromite  and  is  sent  to  waste-dump  ; 
and  (iv)  slimes — often  containing  much  chromite  in  a fine  state  of  subdivision  but 
not  usually  sufficient  to  deal  with  profitably.  The  middling  is  re-treated  usually 
on  another  concentrating  table.  The  tailings  and  slimes  represent  loss.  The 
concentrate  varies  in  quality,  but  it  usually  exceeds  50  per  cent,  chromite.1 

Chromite  can  be  converted  into  chromic  oxide  or  chromate,  by 

1.  Dry  processes. — Here  the  powdered  mineral  is  mixed  with  an  alkali,  and 
something  to  keep  the  mass  open  and  porous  while  it  is  roasted  by  an  oxidizing 
flame,  say,  in  a reverberatory  furnace,  so  as  to  form  alkali  chromate  : 2(Fe0.Cr203) 
-f- 4Na2C03+70=Fe203-l-4:Na2Cr04-f-4:C02.  This  is  extracted  with  water  and 
converted  into  dichromate  by  treatment  with  acid  ; the  dichromate  is  then  reduced 
to  insoluble  chromic  oxide  and  a soluble  alkali  salt  which  is  removed  by  lixiviation 
with  water.  The  reaction  was  studied  by  A.  J.  Sofianopoulos,  and  H.  A.  Doerner. 
Technical  details  are  indicated  in  the  usual  handbooks.2 

If  calcium  chromate  be  treated  with  a soln.  of  potassium  sulphate,  the  calcium 
chromate  is  converted  into  calcium  sulphate,  which  is  precipitated,  and  potas- 
sium chromate,  which  remains  in  soln.  Instead  of  leaching  the  calcium  chromate 
with  a soln.  of  potassium  sulphate,  W.  J.  Chrystal  showed  that  if  ammonium 
sulphate  is  used,  a soln.  of  ammonium  chromate  is  produced,  and  J.  J.  Hood  found 
that  if  the  soln.  of  potassium  salt  be  treated  with  sodium  hydrosulphate,  potassium 
sulphate  crystallizes  from  the  soln.,  while  sodium  dichromate  remains  in  soln. 
According  to  F.  M.  and  D.  D.  Spence  and  co-workers,  if  a mixture  of  ammonia 
and  carbon  dioxide  be  passed  into  the  aq.  extract  of  the  calcium  chromate,  calcium 
carbonate  is  precipitated  while  ammonium  and  alkali  chromate  remain  in  soln. 
If  the  liquid  be  boiled,  ammonia  is  given  off,  and  sodium  dichromate  remains  in 
soln.  S.  Pontius  used  water  and  carbon  dioxide  under  press,  for  the  leaching 
process.  J.  Brock  and  W.  A.  Rowell  purified  alkali  chromite  by  treating  the  soln. 
with  strontium  hydroxide,  and  digesting  the  washed  precipitate  with  a soln.  of 
alkali  sulphate  or  carbonate  ; W.  J.  A.  Donald  used  calcium  hydroxide  or  barium 
chloride  as  precipitant.  A mixture  of  chromite  with  calcium  carbonate  and 
potassium  carbonate  was  formerly  much  employed.  Modifications  of  the  process 
were  described  by  W.  J.  A.  Donald,3  A.  R.  Lindblad,  C.  J.  Head,  S.  G.  Thomas, 
W.  Gow,  J.  Stevenson  and  T.  Carlile,  L.  I.  Popoff,G.  Bessa,  P.Weise,  P.  N.  Lukianoff, 

B.  Bogitch,  E.  Baumgartner,  W.  Carpmael,  Grasselli  Chemical  Co.,  N.  F.  Yush- 
kevich,  A.  J.  Sofianopoulos,  R.  W.  Stimson,  H.  Specketer  and  G.  Henschel,  and 

C.  S.  Gorman.  J.  Booth,  and  S.  G.  Thomas  heated  the  chromite  to  a high  temp, 
before  it  was  treated  with  the  lime-alkali  mixture.  With  the  idea  of  lowering 
the  temp,  at  which  the  chromate  is  formed,  F.  0.  Ward  recommended  adding 
calcium  fluoride  to  the  mixture  ; and  J.  Massignon  and  E.  Yatel  added  calcium 
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chloride.  V.  A.  Jacquelain  recommended  calcining  a mixture  of  calcium  carbonate 
and  chromite ; extracting  the  calcium  chromate  with  hot  water ; acidifying 
the  soln.  with  sulphuric  acid ; and  precipitating  the  iron  by  the  addition  of  a 
little  calcium  carbonate.  The  soln.  of  calcium  dichromate  can  be  treated  with 
alkali  for  the  alkali  salt.  P.  Romer  used  alkali  carbonate  without  the  calcium 
carbonate ; the  Chemische  Eabrik  Billwarder  digested  the  chromite  with  sodium 
hydroxide  in  an  iron  vessel  at  500°-600°  through  which  was  passed  a current  of 
air,  an  oxidizing  agent  was  also  added  to  the  mixture.  H.  Moissan  treated  ferro- 
chromium  with  fused  potassium  hydroxide.  The  Chemische  Fabrik  Griesheim- 
Elektron  used  a modification  of  the  process.  G.  Wachtel  studied  the  effect  of  the 
lime.  He  said  that  with  lime  alone  there  is  a 90  per  cent,  conversion  of  chromic 
oxide  used  and  a 30  per  cent,  conversion  with  chromite ; and  that  about  10  per 
cent,  of  the  chromic  oxide  acquires  the  property  of  dissolving  in  acids.  The  yield 
with  potassium  carbonate  alone  is  only  half  as  large  as  when  the  potassium  car- 
bonate is  mixed  with  an  equal  quantity  of  lime.  Hence,  the  simultaneous  action 
of  the  calcium  and  potassium  carbonate  on  the  ore  gives  better  results  than  when 
either  is  used  alone.  N.  F.  Yushkevich  observed  that  the  formation  of  chromate 
with  the  chromite-lime-sodium  carbonate  mixture  is  slow  at  700°  ; at  1160°, 
95  per  cent,  of  the  chromium  is  oxidized  in  thirty  minutes ; and  at  1260°  decom- 
position sets  in.  L.  I.  Popoff  found  that  the  speed  of  oxidation  of  rich  ores  is 
quicker  than  with  poor  ores,  and  the  percentage  yield  of  chromate  is  greater.  If 
the  chromite  contains  30  to  40  per  cent.  Cr203,  lime  to  the  extent  of  80  per  cent, 
of  the  weight  of  the  ore  should  be  added  ; 90  per  cent,  of  lime  for  40  to  50  per 
cent,  ores ; and  120  to  130  per  cent,  of  lime  for  over  50  per  cent.  ores.  These 
quantities  of  lime  must  be  increased  if  the  temp,  of  oxidation  exceeds  1100°. 
The  theoretical  quantity  of  sodium  carbonate  was  used.  H.  Pincass  discussed  this 
subject.  P.  Romer,  and  N.  Walberg  recommended  using  sodium  carbonate  in 
place  of  the  more  expensive  potassium  carbonate.  Other  alkali  salts  have  been 
substituted  for  the  carbonate  ; thus,  S.  Pontius,  R.  A.  Tilghman,  and  H.  M.  Drum- 
mond and  W.  J.  A.  Donald  used  alkali  sulphate  ; J.  Swindells,  sodium  chloride  ; 
E.  P.  Potter  and  W.  H.  Higgins,  sodium  sulphate ; E.  Hene,  alkali  hydroxide  ; 
L.  N.  Yauquelin,  J.  B.  Trommsdorff,  and  J.  F.  W.  Nasse,  potassium  nitrate ; 
and  C.  S.  Gorman  heated  a mixture  of  chromite,  sodium'  chloride,  and  calcium 
hydroxide  in  steam  at  550°-850°.  H.  Schwarz  found  that  by  using  alkali  sulphate 
the  potassium  chromate  can  be  leached  directly  from  the  mass.  Instead  of  using 
calcium  carbonate,  C.  S.  Gorman  used  magnesium  or  barium  carbonate  ; F.  F.  Wolf 
and  L.  I.  Popoff,  iron  oxide  ; H.  A.  Seegall,  barium  carbonate  ; and  the  Deutsche 
Solvay-Werke,  ferric  oxide.  P.  Monnartz  made  the  ore  into  briquettes  with  sand, 
limestone,  and  tar ; these  were  fed  into  a small  blast  furnace  using  a blast  of  air 
enriched  with  oxygen.  The  products  were  a ferro-chromium  alloy,  and  a slag 
with  9-4  per  cent,  chromic  oxide.  Modifications  of  the  roasting  process  for  chromates 
were  employed  by  C.  Haussermann,  F.  Filsinger,  H.  A.  Seegall,  and  J.  Uppmann 
for  recovering  chromium  from  chromiferous  residues. 

W.  H.  Dyson  and  L.  Aitchison  4 heated  chromite  mixed  with  a carbonaceous 
material  to  900°  in  a mixture  of  equal  vols.  of  hydrogen  chloride  and  chlorine  until 
all  the  iron  had  volatilized  ; the  residue  was  then  heated  to  1200°  in  the  same  gases 
to  distil  off  the  chromium.  W.  Crafts  reduced  the  ore  with  charcoal  at  1300°  to 
1350°,  extracted  the  product  with  cone,  sulphuric  acid  at  100° ; and  the  chromium 
may  be  precipitated  by  adding  calcium  chloride  to  convert  the  sulphate  to  chloride 
and  precipitating  as  hydroxide  by  limestone  ; or  the  chromium  can  be  precipitated 
electrolytically  from  the  sulphate  soln.  According  to  0.  Muller  and  co-workers, 
chromite  is  first  reduced  in  hydrogen  or  in  a mixture  of  gases  containing  hydrogen 
and  the  product  is  heated  above  200°  with  a slight  deficiency  of  sulphuric  acid  in  a 
closed  vessel  lined  with  hard  lead  containing  preferably  3 per  cent,  of  Sb. 

Soln.  of  chromates  can  be  reduced  to  chromic  salt  by  hydrogen  sulphide 
(L.  N.  Yauquelin),5  sulphur  dioxide  (A.  F.  Dufios,  and  J.  R.  Trommsdorff),  alkali 
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polysulphide  (J.  J.  Berfcelius),  sulphur  in  a boiling  soln  (O.  F.  C.  Frick,  J.  L.  Las- 
saigne,  and  H.  Moser) — vide  infra,  chromic  oxide. 

2.  Wet  processes. — Chromates  can  be  obtained  from  chromite  or  chromic  oxide 
in  the  wet-way.  The  Chemische  Fabrik  Griesheim-Elektron  6 digested  the  powdered 
mineral  with  sulphuric  acid  of  sp.  gr.  about  1-54  with  an  oxidizing  agent  like  lead 
or  manganese  dioxide,  potassium  permanganate,  etc.  E.  Muller  and  M.  Soller 
used  lead  dioxide  ; E.  Bohlig,  potassium  permanganate ; E.  Donath,  manganese 
dioxide  ; P.  Waage  and  H.  Kammerer,  bromine  ; F.  Storck  and  L.  L.  de  Koninck, 
chloric  acid;  H.  Dercum,  G.  Feyerabend,  W.  Stein,  and  M.  Balanche,  bleaching 
powder ; and  R.  von  Wagner  used  a mixture  of  sodium  hydroxide  and  potassium 
ferricyanide.  The  chromium  can  also  be  extracted  from  chromite  with  acids,  etc. 

3.  Electrolytic  processes. — R.  Lorenz  7 found  that  a soln.  of  potassium  dichromate 
can  be  prepared  by  passing  a current  at  2 volts  potential  between  an  anode  of 
ferrochrome  (containing  about  equal  quantities  of  chromium  and  iron)  and  a 
cathode  of  porous  copper  oxide,  the  two  electrodes  dipping  in  a soln.  of  potassium 
hydroxide  contained  in  a beaker.  Ferric  oxide  collects  at  the  bottom  of  the  beaker. 
The  Chemische  Fabrik  Griesheim-Elektron  obtained  chromates  by  electrolytic 
oxidation  with  an  anode  of  chromium,  or  of  a chromium  alloy — e.g.  ferrochromium, 
an  iron  cathode,  and  a soln.  of  an  alkali  hydroxide  separating  the  anode  and  cathode 
by  a diaphragm.  Sufficient  alkali  is  added  to  the  anode  liquid  to  precipitate  the 
metal  alloyed  with  the  chromium  of  the  anode.  Chromic  acid  and  ferric  sulphate 
can  be  separated  by  fractional  crystallization.  A modification  of  the  process 
consists  in  dissolving  the  chromium  or  ferrochromium  instead  of  using  it  directly  as 
anode  and  then  electrolyzing  it,  using  an  insoluble  anode,  such  as  lead.  The  cathode 
and  anode  compartments  are  separated  by  two  diaphragms,  and  a hydroxide  or  a 
carbonate  is  added  to  the  electrolyte  contained  in  the  compartment  between  the 
latter.  J.  Hcibling  used  an  alkali  chloride  or  nitrite  soln.  as  anolyte. 

C.  Hiiussermann 8 oxidized  electrolytically  a soln.  of  chromic  hydroxide  in 
soda -lye  in  the  anode  compartment,  when  the  cathode  liquid  was  a soln.  of  an 
indifferent  salt ; D.  G.  Fitzgerald  used  an  acidic  soln.  of  chromic  oxide  as  anode 
liquor,  and  a soln.  of  a zinc  salt  about  the  cathode,  and  on  electrolysis,  chromate 
was  formed  at  the  anode  and  zinc  was  deposited  on  the  cathode.  K.  Elbs  said 
that  a current  efficiency  of  70  per  cent,  can  be  obtained  with  freshly-ignited  platinum 
anodes  of  low  current  density.  F.  Regelsberger  had  no  success  in  the  oxidation 
of  chromium  salts  in  acidic  soln.,  even  with  the  use  of  a diaphragm ; but  good 
results  were  obtained  with  alkaline  soln.,  using  lead  anodes,  with  or  without  a 
diaphragm,  with  warm  soln.  M.  de  Kay  Thompson  studied  the  production  of 
chromates  by  the  electrolysis  of  sodium  carbonate  or  hydroxide  soln.  with  ferro- 
chromium electrodes.  E.  Muller  and  M.  Soller  said  that  chrome  alum  dissolved 
in  zV-H2S04  is  not  appreciably  oxidized  to  chromic  acid  by  the  use  of  an  anode  of 
smooth  platinum  ; but  a trace  of  lead  in  the  soln.  is  precipitated  on  the  anode  as 
lead  dioxide,  and  this  brings  about  oxidation  ; traces  of  chlorine  also  favour  the 
oxidation.  There  is  about  one-third  the  oxidation  with  a platinized  platinum 
anode  as  occurs  with  a lead  dioxide  anode.  With  a lead  dioxide  anode,  the  oxidation 
is  almost  quantitative  in  fairly  cone.  soln.  of  chrome  alum,  and  a current  density 
of  about  0-005  amp.  per  sq.  cm.  The  difference  is  not  due  to  the  higher  potential 
of  the  lead  dioxide  anode,  but  rather  depends  on  the  lead  dioxide  acting  cata- 
lytically  as  a carrier  of  oxygen.  I.  Stscherbakoff  and  0.  Essin  found  that  in 
the  electrolytic  production  of  dichromate  from  chromate  a sudden  rise  in  the 
conductivity  of  the  electrolyte  is  observed  when  the  composition  corresponds  to 
the  polychromate,  Na2Cr4012.  In  order  to  obtain  the  best  yields  of  dichromate, 
electrolysis  may  be  conducted  either  in  normal  chromate  soln.  at  high  current 
density  or  at  lower  current  density  in  soln.  of  the  above  polychromate  composition. 
According  to  F.  Schmiedt,  and  A.  R.  y Miro,  the  oxidation  is  favoured  by  the 
presence  of  fluorine  ions  ; and  M.  G.  Levi  and  F.  Ageno  added  that  with  normal 
soln.  of  chromium  sulphate  and  2V-H2S04,  on  electrolysis  with  platinized  platinum 
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electrodes  in  the  presence  of  0-498N-hydrofluoric  acid,  the  yield  of  78  per 
cent,  chromic  acid  is  comparable  with  that  produced  by  lead  dioxide  electrodes. 
The  Hochster  Farbwerke  said  that  in  the  electrochemical  oxidation  of  a soln.  of 
chrome  alum  to  chromic  acid,  it  is  necessary  for  eonc.  sulphuric  acid  to  be  present, 
because,  added  F.  Fichter  and  E.  Brunner,  the  acid  must  be  cone,  enough  to  furnish 
sulphur  tetroxide.  F.  Schmiedt  found  that  the  oxidation  is  favoured  by  the 
presence  of  Cy-ions  ( e.g . potassium  cyanide  or  ferrocyanide),  many  oxidizing  agents, 
compounds  of  phosphorus  and  boron,  cerous  nitrate,  sodium  molybdate  or  vanadate, 
and  platinum  tetrachloride.  The  Chemische  Fabrik  Buckau  found  that  the  reduc- 
tion of  chromate  by  cathodic  hydrogen,  in  cells  without  diaphragms,  is  avoided  by 
the  use  of  a little  acetic  acid  or  an  acetate.  The  electrolytic  oxidation  of  soln. 
of  chromium  salts  was  also  examined  by  M.  le  Blanc,  F.  Regelsberger,  F.  W.  Skirrow, 
A.  R.  y Miro,  L.  Darmstadter,  H.  R.  Carveth  and  B.  E.  Curry,  and  the  Farbewerke 
Meister  Lucius  and  Briining,  A.  W.  Burwell,  I.  Stscherbakoff,  A.  Lottermoser  and 
K.  Falk,  E.  Muller  and  E.  Sauer,  R.  E.  Pearson  and  E.  N.  Craig,  M.  J.  Udy,  and 
R.  H.  McKee  and  S.  T.  Leo. 
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§ 3.  The  Preparation  of  Chromium 

H.  N.  Warren  1 reduced  chromic  oxide  by  heating  in  a current  of  hydrogen  in 
a tube  of  compressed  lime  by  means  of  the  oxyhydrogen  flame.  W.  Rohn  obtained 
chromium  by  reducing  chromic  oxide  at  1500°  in  a rapid  current  of  hydrogen 
from  which  every  trace  of  oxygen  and  water-vapour  had  been  removed.  J.  Schilling 
heated  ammonium  chromate  to  whiteness  in  hydrogen  diluted  with  nitrogen  and 
obtained  chromium.  M.  Billy  passed  the  vapour  of  the  chloride  mixed  with 
hydrogen  over  a boat  containing  sodium  supported  on  a layer  of  sodium  chloride 
at  400°  to  420°  ; the  hydrogen  forms  a layer  of  hydride,  and  this  reduces  the 
chloride,  CrCl3+3NaH=Cr+3NaCl-j-3H.  M.  A.  Hunter  and  A.  Jones  reduced 
the  chloride  by  heating  it  with  sodium  in  a heavy  steel  bomb.  As  previously 
indicated,  L.  N.  Vauquelin  first  prepared  chromium  metal  by  heating  a mixture 
of  chromic  oxide  and  carbon  in  a graphite  crucible  ; and  J.  B.  Richter,  and  H.  Moser 
obtained  it  in  a similar  manner.  H.  St.  C.  Deville  melted  the  chromic  oxide  with 
not  quite  sufficient  carbon  for  complete  reduction  at  a temp,  of  boiling  platinum 
in  a lime  crucible.  According  to  H.  Moissan,  chromic  oxide  is  reduced  in  a few 
minutes  when  mixed  with  carbon  and  heated  in  the  electric  arc  furnace.  If  a 
large  excess  of  carbon  is  employed,  chromium  carbide  is  formed.  If  crude  chromium 
in  a crucible  lined  with  chromic  oxide,  and  covered  with  chromic  oxide  is  heated 
in  the  arc-furnace,  chromium  may  be  obtained  free  from  carbon.  If  crude  chromium 
is  heated  with  an  excess  of  chromic  oxide,  the  resulting  metal  is  partially  oxidized 


134 


INORGANIC  AND  THEORETICAL  uflEMISTRY 


or  burnt.  Chromium  may  be  obtained  with  1 -5—1-9  per  cent,  of  carbon  by  heating 
the  crude  metal  mixed  with  lime  in  an  electric  furnace.  The  carbon  forms  calcium 
carbide.  It  is  not  possible  to  remove  all  the  carbon  by  means  of  lime  because, 
when  the  proportion  of  carbon  has  been  reduced  below  a certain  point,  an  inverse 
reaction  occurs  resulting  in  the  formation  of  crystallized  chromium  calcium  oxide. 
H.  C.  Greenwood  found  that  the  reduction  of  chromic  oxide  by  carbon  begins  at 
1180°-1195°,  and  the  reduction  is  not  quantitative.  W.  B.  Hamilton  and  F.  Reid 
used  carbon.  W.  P.  Evans’s  attempts  to  obtain  chromium  from  chromyl  fluoride, 
carbon  and  silica  were  unsatisfactory.  V.  and  E.  Roufi  heated  an  intimate  mixture 
of  alkali  chromate  with  silica  and  carbon  to  redness,  and  obtained  alkali  silicate 
and  chromic  oxide  which,  when  intimately  mixed  with  carbon  and  heated,  furnishes 
chromium.  A.  Steinberg  and  A.  Deutsch  heated  to  1000°-1400°  a mixture  of 
carbon  and  an  alkaline  earth  chromate,  and  obtained  chromium.  H.  Debray 
showed  that  if  lead  chromate  be  reduced  by  carbon  at  a red-heat,  lead  can  be 
removed  from  the  regulus  by  means  of  nitric  acid— chromium  remains. 
W.  B.  Balantine  used  calcium  carbide.  J.  E.  Loughlin  heated  chromic  acid  with  a 
mixture  of  potassium  cyanide  and  carbon.  E.  Viel  obtained  chromium  from 
ferro-chromium  or  other  alloys  by  heating-  in  a high-temp,  furnace  a mixture  of 
the  alloy  with  an  alkaline  earth  silicate,  or  with  carbon  and  lime  or  alumina. 
E.  Kunheim  also  heated  a mixture  of  chromic  sulphate  and  carbon  in  an  electric 
arc-furnace,  and  obtained  chromium.  A.  Binet  du  Jassonneix  found  that  a 
mixture  of  boron  and  chromic  oxide  in  a magnesia  crucible  heated  in  the  electric 
arc-furnace  furnishes  chromium ; if  a carbon  crucible  is  employed,  the  chromium 
always  contains  carbon.  If  the  chromium  boride  be  heated  with  copper  in  an 
electric  furnace,  and  the  product  digested  with  nitric  acid,  chromium  remains. 
H.  Goldschmidt,  L.  Franck,  T.  Fujibayashi,  and  T.  Goldschmidt  found  that  chromic 
oxide  can  be  reduced  by  the  thermite  process,  in  which  a mixture  of  chromic  oxide 
and  aluminium  in  a crucible  is  ignited  by  a fuse.  E.  Vigouroux,  and  J.  W.  Richards 
said  that  chromium  produced  by  the  thermite  process  is  free  from  carbon. 

E.  Vigouroux  observed  that  a fairly  pure  product  is  formed  by  heating  in  a crucible 
lined  with  magnesia,  a mixture  of  chromic  oxide  and  10-20  per  cent,  chromic 
anhydride  incorporated  with  the  necessary  quantity  of  aluminium  powder.  A 
vigorous  reaction  ensues,  and  it  is  over  in  about  a minute.  The  slag  separates 
readily  from  the  metal.  The  product  contains  0-36-0-40  per  cent,  of  silicon,  and 
0-74-0-85  per  cent,  of  aluminium  and  iron.  J.  Olie  used  20  grms.  of  a mixture  of 
50  grms.  of  fused  and  powdered  potassium  dichromate  and  18  grms.  powdered 
aluminium,  together  with  10  grms.  of  a mixture  of  450  grms.  of  calcined  chromic 
oxide  and  160  grms.  of  powdered  aluminium.  T.  Fujibayashi  used  chromic  oxide 
(100  parts),  calcium  chromate  (10-15  parts),  and  90  per  cent,  of' the  calculated 
weight  of  powdered  aluminium.  An  85  to  92  per  cent,  yield  was  obtained  and  the 
resulting  chromium  contained  3 to  5 per  cent,  of  aluminium.  M.  Yonezu  used  a 
similar  process.  T.  Goldschmidt,  M.  le  Blanc,  and  G.  Dollner  used  magnesium,  or 
a carbide,  in  place  of  aluminium  in  the  thermite  process  ; T.  Goldschmidt,  a mixture 
of  calcium  and  silicon  in  place  of  aluminium  ; and  W.  Prandtl  and  B.  Bleyer  used 
a mixture  of  calcium  and  aluminium  instead  of  aluminium  alone  ; A.  Burger  passed 
the  vapour  of  calcium  over  heated  chromic  oxide ; and  heated  the  product  with 
dil.  nitric  acid  until  the  acid  began  to  boil ; the  product  was  first  washed  with 
water,  then  with  alcohol,  and  finally  dried  at  100°.  He  also  obtained  chromium 
by  heating  a mixture  of  a mol  of  chromic  oxide, and  3 gram-atoms  of  calcium  in  a 
sealed  tube.  B.  Neumann  reduced  chromic  oxide  with  silicon  in  an  electric  furnace  ; 

F.  M.  Becket  used  the  silicothermic  process  ; S.  Heuland  reduced  the  oxide  with 
calcium  silicide  ; R.  Byman,  ferrosilicon  ; D.  W.  Berlin,  an  aluminium  silicide  ; 

R.  Saxon,  calcium  carbide  ; and  L.  Weiss  and  O.  Aichel,  mischmetall. 

H.  Aschermann  heated  a mixture  of  chromic  and  antimonious  oxide  in  an  electric 
furnace,  and  found  that  the  resulting  alloy  loses  all  its  antimony  at  a white-heat. 

S.  Heuland  melted  the  chromium  ore  in  an  electric  furnace  with  a reducing  agent 
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sufficient  to  produce  only  a small  amount  of  metal  which  will  contain  all  the 
deleterious  impurities  in  the  ores,  e.g.,  phosphorus,  carbon,  or  iron.  The  remainder 
of  the  metal  is  then  reduced  from  the  fused  slag  by  addition  of  calcium  silicide. 
The  Metal  Research  Co.  heated  in  a blast-furnace  a mixture  of  chromic  oxide,  a 
sodium  compound,  and  carbon  so  that  the  sodium  first  liberated  reduces  the 
chromic  oxide  to  chromium.  Processes  for  the  smelting  of  chrome  ores  were 
described  by  T.  R.  Haglund,  Aktiebolaget  Ferrolegeringar,  W.  Bennett, 
W.  E.  S.  Strong  and  co-workers. 

F.  Wohler  heated  in  a crucible  a mixture  of  chromic  chloride,  and  zinc  along 
with  a mixture  of  potassium  and  sodium  chlorides  ; and  treated  the  regulus  with 
dil.  nitric  acid  to  remove  the  zinc.  30  grms.  of  chromic  chloride  yielded  6 to  7 grms. 
of  chromium.  The  process  was  used  by  W.  Prinz,  E.  Jager  and  G.  Kriiss,  and 
E.  Zettnow  ; and  M.  Siewert  added  that  the  product  is  always  contaminated  with 
silicon  derived  from  the  crucible.  F.  Wohler  said  that  there  is  no -advantage  in 
using  magnesium  or  cadmium  in  place  of  zinc  ; but  E.  Glatzel  preferred  magnesium. 
J.  J.  Berzelius  reduced  dry  chromic  chloride  with  potassium  ; H.  St.  C.  Deville, 
sodium;  E.  Fremy,  sodium  vapour;  K.  Seubert  and  A.  Schmidt,  magnesium; 
and  L.  Hackspill,  calcium.  H.  C.  P.  Weber  heated  between  700°  to  1200°  a 
mixture  of  chromic  chloride  and  iron  in  order  to  produce  metallic  chromium  and 
volatilize  ferric  chloride.  If  the  iron  is  sufficiently  finely  divided,  and  a relatively 
low  temp,  is  employed  for  reduction,  chromium  is  obtained  in  a finely-divided  form. 
If  solid  pieces  of  iron  are  used  and  the  reaction  takes  place  below  the  m.p.  of  the 
metals,  a coating  of  chromium  is  formed  on  the  pieces  of  iron.  If  an  excess  of  iron  is 
used  and  a sufficiently  high  temp,  is  employed,  an  alloy  of  chromium  and  iron  is  pro- 
duced. Chlorides  of  chromium  and  nickel  may  be  similarly  reduced  together  to 
form  alloys  or  mixtures  with  each  other  or  with  iron.  Chromic  oxide  may  be 
employed  and  converted  .into  chloride  with  carbon  and  chlorine.  The  reduction 
process  is  advantageously  carried  out  in  vacuo  or  in  an  inert  atm.  such  as  nitrogen. 
W.  P.  Evans  reduced  the  vapour  of  chromyl  fluoride  by  sodium  at  400°,  and  also 
by  zinc  near  its  b.p.  Z.  Roussin  treated  a feebly  acidic  soln.  of  a chromic  salt 
with  sodium  amalgam,  and  heated  the  resulting  chromium  amalgam  in  hydrogen 
so  as  to  volatilize  the  mercury.  H.  Moissan,  J.  Feree,  and  C.  W.  Vincent  used 
a similar  process.  According  to  C.  Goldschmidt,  crystalline  chromium  is  formed 
when  a soln.  of,  say,  chromic  nitrate  is  kept  for  some  days  in  a tin  vessel. 

In  1854,  R.  Bunsen  2 obtained  chromium  by  the  electrolysis  of  an  aq.  soln. 
of  chromous  chloride.  He  said  : 

The  density  of  the  current — that  is,  the  strength  of  the  current  divided  by  the  surface 
of  the  electrode  at  which  the.  electrolysis  occurs — -is  most  important,  for,  with  increasing 
current  density,  the  power  of  the  current  to  overcome  chemical  affinity  also  increases. 
For  instance,  if  a current  of  constant  current  strength  be  sent  through  a soln.  of  chromic 
chloride,  it  depends  on  the  area  of  the  resulting  electrode  whether  hydrogen,  chromic  oxide, 
chromous  oxide,  or  chromium  is  formed.  The  relative  amounts  of  the  constituents  of  the 
electrolyte  through  which  the  current  passes  are  of  no  less  importance.  . . . The  reduction 
to  the  metal  occurs  with  boiling  cone.  soln.  when  the  reducing  surface  receives  a current 
of  0'067  amp.  per  sq.  cm.  . . . By  using  a soln.  of  chromous  chloride,  containing  some 
chromic  chloride,  continuous  sheets  of  chromium  can  be  obtained.  These  are  quite  brittle, 
and  the  surface  lying  against  the  platinum  electrode  is  perfectly  white  and  of  a metallic  lustre. 
Chemically  pure  chromium  can  be  obtained  only  in  this  way.  It  resembles  iron  very 
much  in  external  appearance,  but  it  is  more  permanent  in  damp  air,  and  when  heated 
burns  to  chromic  oxide.  Hydrochloric  and  sulphuric  acids  dissolve  it  slowly  to  chromous 
salts  with  the  evolution  of  hydrogen  ; and  it  is  scarcely  attacked  by  nitric  acid  even  when 
boiling.  ...  If  the  current  density  be  gradually  lowered,  a point  is  soon  reached  when 
in  place  of  the  metal,  there  is  a copious  formation  of  anhydrous  chromous-chromic  oxide. 
This  oxide  can  be  made  only  in  this  way,  and  it  is  purified  by  long  boiling  with  aqua  regia. 
It  is  a black  crystalline  powder,  soluble  in  no  acid,  and  burning  in  air  like  pyrophoric  iron 
with  a lively  deflagration,  to  form  green  chromic  oxide.  Its  composition  varies  between 
Cr4Os  and  Cr606 — vide  infra,  chromic  chromate. 

According  to  E.  Muller  and  P.  Ekwall,  in  the  electrolysis  of  a soln.  of  chromic 
acid  using  a carbon  cathode,  a film  of  chromic  chromate  begins  to  form  at  a 
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potential,  measured  against  a normal  calomel  electrode,  of  +0-8  volt,  while  evolu- 
tion of  hydrogen  begins  at  about  — 1-2  volt.  With  a platinum  electrode,  hydrogen 
evolution  begins  at  about  0-4  volt,  while  the  separation  of  chromium,  which  is 
contaminated  with  oxide,  occurs  at  about  — 1-2  volt,  and  is  preceded  by  the  for- 
mation of  the  insoluble,  colloidal  chromic  chromate  film,  which  is  first  observed 
microscopically  at  —0-7  volt,  and  is  pressed  cataphoretically  to  the  cathode.  The 
gel  is  purified  by  dialysis,  and  is  found  to  migrate  to  the  cathode,  where  it  is 
coagulated.  The  compound  is  soluble  in  acids  and  bases,  and  its  composition 
corresponds  to  the  formula  Cr2(0H)4Cr04.  When  present  as  a film,  the  molecules 
are  oriented  and  form  a diaphragm,  which  is  impervious  to  Cr04"  or  HCrO'4-ions, 
but  allows  H'-ions  to  pass.  Reaction  accordingly  ceases  until  the  hydrogen  sepa- 
ration potential  is  exceeded  when  the  film  is  broken  and  the  reaction  proceeds 
in  accordance  with  the  equation  : Cr2(0H)4Cr04+2H2Cr04— 2Cr"'-)-3Cr04"-l-4H20. 
Deposition  of  chromium  then  occurs,  and  the  chromic  chromate  film  is  again 
formed.  The  deposition  of  successive  layers  of  this  film  according  to  the  magnitude 
of  the  applied  potential  is  shown  under  the  microscope  by  differences  in  colour. 
The  presence  of  sulphuric  acid  in  the  electrolyte  modifies  the  film  formation  and 
increases  the  intervals  of  exposure  of  the  electrode,  whereby  greater  accession  of 
chromium  ions  results,  while  contamination  of  the  deposited  metal  with  oxide  is 
suppressed.  M.  L.  V.  Gayler  used  a one  per  cent,  sulphuric  acid  soln.  of  chromic 
acid.  E.  Muller  and  J.  Stscherbakoff  found  that  in  spite  of  its  strong  oxidizing 
action,  pure  chromic  acid  is  not  electrolytically  reducible  in  aq.  soln.,  but  it 
becomes  so  on  addition  of  SO"4-ions.  They  showed  that  the  cathode  becomes 
coated  with  an  invisible,  non-conducting,  fine-grained  layer,  which  prevents  the 
reduction  of  chromic  acid.  This  layer  becomes  charged  in  presence  of  SO''4,  but 
this  occurs  only  after  a certain  cathode  potential  has  been  attained.  It  is  hence 
concluded  that  charging  by  the  SO"4-ions  necessitates  the  electrostatic  attraction 
of  these  ions  by  the  layer  of  colloid.  S.  Takegami  also  studied  the  deposit  of 
colloidal  chromic  oxide. 

R.  Bunsen  suggested  that  it  would  be  worth  trying  to  find  if  allotropic  forms 
of  chromium  could  be  produced  by  electrolyzing  green  and  blue  chromic  salt  soln.  - 
Subsequent  work,  however — by  W.  R.  Whitney,  etc. — has  shown  the  hypothesis 
to  be  untenable.  S.  0.  Cowper-Coles  obtained  a bright  deposit  of  chromium  from 
a soln.  of  25  parts  of  chromic  chloride  in  75  parts  of  water  at  88°,  with  a current 
of  0-04-0-05  amp.  per  sq.  cm.  With  a cold  soln.,  gas  is  evolved  at  both  electrodes, 
but  no  metallic  deposit  is  obtained  until  an  excess  of  hydrochloric  acid  is  added. 
J.  Feree  found  that,  a steel-grey  deposit  of  chromium  on  a platinum  cathode  is 
formed  with  a soln.  of  chromic  chloride  acidified  with  hydrochloric  acid  ; and  a 
silver-white  deposit  from  a soln.  containing  potassium  and  chromic  chlorides  in  the 
proportion  of  1 : 3,  and  a current  density  of  0-15  amp.  per  sq.  cm.,  and  8 volts. 
J.  Voisin  added  that  when  the  deposit  is  over  3 or  4 mm.  thick,  it  is  liable  to  peel 
off.  The  Wolfram-Lampen  A.  G.  obtained  chromium  by  the  electrolysis  of  soln. 
of  chromic  chloride  in  acetone  ; J.  Roudnick,  and  G.  Neuendorff  and  F.  Sauerwald, 
by  the  electrolysis  of  the  fused  silicate. 

S.  O.  Cowper-Coles  found  that  a soln.  of  100  parts  of  chrome-alum  in  100  parts 
of  water  with  12  parts  of  barium  sulphate  does  not  yield  a deposit  of  chromium  metal 
on  electrolysis.  E.  Placet  found  that  when  a soln.  of  chrome-alum  and  an  alkali 
sulphate  acidified  with  sulphuric  acid,  is  electrolyzed,  chromium  is  deposited  at  the 
cathode  as  a hard,  bluish-white,  lustrous  metal,  which,  under  certain  conditions, 
crystallizes  in  groups  resembling  the  branching  of  firs.  Other  metals  and  alloys— 
bronze,  copper,  iron,  brass,  etc. — may  be  plated  with  chromium,  and  a surface 
can  be  obtained  to  resemble  oxidized  silver.  E.  Placet  and  J.  Bonnet  have  a 
number  of  patents  on  this  subject. 

Various  baths  have  been  recommended  and  the  subject  of  chromium  plating  has  been 
discussed  by  M.  Alkan,  J.  D.  Alley,  C.  M.  Alter  and  F.  C.  Mathers,  R.  Appel,  P.  Askenasy 
and  A.  R£vai,  E.  M.  Baker  and  E.  E.  Pettibone,  E.  M.  Baker  and  A.  M.  Rente,  M.  Ballay, 
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J.  Bauer,  F.  M.  Becket,  R.  Bilfinger,  W.  Birett,  J.  Blasberg,  W.  Blum,  J.  J.  Bloomfield 
and  W.  Blum,  G.  le  Bris,  A.  Champion,  A.  Butziger,  Chemical  Treatment  Co.,  Chromium 
Corporation  of  America,  A.  J.  Coignard,  J.  Cournot,  W.  Crafts,  J.  W.  Cuthbertson, 

G.  J.  Delatre,  S.  Dreyfus,  W.  S.  Eaton,  C.  H.  Eldridge,  P.  W.  Ellwanger,  G.  M.  Enos, 

D.  T.  Ewing  and  A.  K.  Malloy,  H.  L.  Farber  and  W.  Blum,  S.  Field,  C.  G.  Fink,  C.  G.  Fink 
and  C.  H.  Eldridge,  J.  H.  Frydlender,  G.  P.  Fuller,  G.  F useya  and  co-workers,  G.  E.  Gardam, 
R.-Grah,  A.  K.  Graham,  L.  E.  and  L.  F.  Grant,  F.  Grove-Palmer,  G.  Grube,  C.  A.  Guidini, 
0.  Gunther,  O.  Hahn,  C.  Hambuechen,  J.  Harden  and  H.  T.  Tillquist,  H.  E.  Haring, 

H.  E.  Haring  and  W.  P.  Barrows,  J.  Hausen,  E.  V.  Hayes-Gratze,  J.  M.  Hosdowich, 
Al.  Hosenfeld,  H.  W.  Howes,  W.  E.  Hughes,  T.  W.  S.  Hutchins,  V.  P.  Ilinsky  and  co-workers, 
R.  Justh,  E.  Kalmann,  Y.  Kato  and  co-workers,  D.  B.  Keyes  and  S.  Swann,  D.  M.  Killefler, 
V.  Kohlschiitter  and  A.  Good,  E.  Krause,  F.  Krupp,  E.  Kruppa,  S.  Kyropoulos,  H.  Lange, 

F.  Lauterbach,  E.  Liebreich  and  co-workers,  H.  Leiser,  P.  Leistritz  and  F.  Burghauser, 

B.  F.  Lewis,  C.  L.  Long  and  co-workers,  F.  Longauer,  H.  S.  Lukens,  O.  Maccbia, 

J.  F.  K.  McCullough  and  B.  W.  Gilchrist,  D.  J.  MacNaughton  and  co-workers,  B.  Mendel- 
sohn, Aletal  and  Thermite  Corporation,  Metropolitan- Vickers  Electrical  Co.,  E.  Muller, 

E.  Aliiller  and  co-workers,  Al.  Nagano  and  A.  Adachi,  National  Electrolytic  Co.,  W.  Obst, 
Olausson  and  Co.,  E.  A.  Ollard,  K.  Oyabu,  A.  H.  Packer,  A.  V.  Pamtiloff  and  G.  F.  Filip- 
puicheff,  L.  C.  Pan,  J.  C.  Patten,  W.  Pfanhauser,  W.  M.  Phillips,  W.  M.  Phillips  and 
Al.  F.  Afacaulay,  W.  M.  Phillips  and  P.  W.  C.  Strausser,  H.  C.  Pierce,  H.  C.  Pierce  and 

C.  H.  Humphries,  R.  J.  Piersol,  W.  L.  Pinner,  W.  L.  Pinner  and  E.  M.  Baker,  F.  R.  Porter, 
H.  E.  Potts,  C.  H.  Procter,  E.  Richards,  J.  G.  Roberts,  J.  Roudnick,  G.  F.  Sager,  F.  Salzer, 

G.  J.  Sargent,  V.  Schischkin  and  H.  Gernet,  H.  Schmidt,  R.  Schneidewind  and  co-workers, 

K.  W.  Schwartz,  A.  Siemens,  E.  W.  M.  von  Siemens  and  J.  G.  Halske,  J.  Sigrist  and 
co-workers,  O.  J.  Sizelove,  J.  Stscherbakoff  and  O.  Essin,  W.  Steinhorst,  L.  E.  Stout  and 
J.  Carol,  F.  Studinges,  H.  E.  Sunberg,  V.  Szidon,  O.  P.  Watts,  L.  Weisberg  and  W.  F.  Green- 
wald,  S.  Wernick,  H.  Wolff,  M.  Wommer,  L.  Wright,  F.  W.  Wiirker,  and  S.  Yentsch. 

J.  F.  L.  Mdller  and  E.  A.  G.  Street  obtained  chromium  by  the  electrolysis  of  an 
aq.  soln.  of  chrome-alum  and  sodium  sulphate  at  90°  with  a current  density  of  0*4 
amp.  per  sq.  cm.  R.  Stahn  electrolyzed  soln.  of  chromous  salts.  J.  Voisin  also 
obtained  no  deposit  of  chromium  with  a violet  soln.  of  chrome-alum  mixed  with 
potassium  hydrosulphate,  using  a current  density  of  0-02  to  0-20  amp.  per  sq. 
cm.  and  4 to  12  volts,  and  similarly  with  neutral  and  alkaline  soln.  ; with  a green 
•soln.  of  chrome-alum  and  0-18  amp.  per  sq.  cm.  a small,  grey  deposit  of  a substance 
soluble  in  hydrochloric  acid  was  obtained.  According  to  M.  le  Blanc,  chromium 
deposits  cannot  be  obtained  in  the  manner  described.  Among  other  processes, 
the  following  can  be  used  : 

A sat.  soln.  of  chromic  sulphate  at  the  temp,  of  the  room,  was  used  and  100  c.c.  dil. 
to  000  c.c.  with  water  and  then  sodium  chloride  added  to  saturation.  A platinum  foil 
was  used  as  cathode.  With  40  sq.  cm.  active  cathode  surface,  using  a current  density  of 
0-2  amp.  per  sq.  cm.,  there  was  obtained  a quite  small,  black  precipitate  wliich  from  its 
behaviour  appeared  to  be  chromium.  With  a current  density  of  0-3  amp.  per  sq.  cm.  no 
precipitate  was  obtained.  A precipitate  did  not  appear  when  the  above  bath  was  sat. 
with  sodium  sulphate  instead  of  sodium  chloride  and  electrolyzed  at  30°  and  80°  with  a 
current  of  0-2  and  0-3  amp.  per  sq.  cm. 

F.  Adcock  found  that  chromium  of  a high  degree  of  purity  can  be  obtained  by  the 
electrolysis  of  an  aq.  soln.  containing  30  per  cent,  of  purified  chromic  acid,  and 
one  per  cent,  sulphuric  acid  using  tin  or  steel  cathodes.  In  one  with  a steel  cathode 
rotating  30  revs,  per  minute,  the  temp,  of  the  bath  was  20°,  the  voltage  5-2,  and 
the  amperage  140.  The  current  densities  at  the  cathode  and  anode  were  28  amp. 
and  7-2  amp.  per  sq.  dm.,  and  the  yield  of  chromium  in  30  hrs.  was  500  grms.,  with 
a current  consumption  of  8-3  ampere-hrs.  per  gram.  All  the  samples  as  deposited 
contained  hydrogen  and  oxygen,  the  former  being  liberated  during  remelting  in 
vacuo.  The  cathode  chromium  is  in  a form  which  leaves  no  residue  on  dissolution 
in  acid,  and  is  converted,  when  heated  in  vacuo,  into  insoluble  chromic  oxide.  This 
can  be  removed,  however,  by  heating  the  solid  metal  in  purified  and  dried  hydrogen 
to  1500°-1600°.  After  these  treatments,  spectroscopic  examination  failed  to 
reveal  any  impurities.  T.  Murakami  studied  the  action  of  chemical  reagents  on 
the  deposits. 

B.  Neumann  and  G.  Glaser  examined  the  influence  of  current  strength,  current 
density,  cone.,  and  temp,  with  different  soln.  of  chromic  salts.  The  diaphragm 
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cells  contained  the  chromium  salt  soln.  in  the  cathode  compartment,  and  a mineral 
acid  or  salt  soln.  in  the  anode  chamber.  The  cathode  was  ordinary  carbon,  but 
the  deposited  chromium  was  found  to  adhere  also  to  cathodes  of  borax,  lead,  or 
platinum  ; the  anode,  according  to  the  soln.  employed,  was  lead,  platinum,  or  carbon. 
If  the  cathode  soln.  is  not  well  circulated,  it  becomes  impoverished  at  the  cathode, 
and  with  high  current  densities  only  the  chromosic  oxide  is  deposited.  Using  a 
chromic  chloride  soln.  with  100  grms.  of  Cr  per  litre,  at  the  temp,  of  the  room, 
and  with  current  densities  less  than  0-072  amp.  per  sq.  cm.,  the  deposit  consisted 
of  metal  mixed  with  more  or  less  of  the  chromosic  oxide  ; and  with  current  densities 
0-091  to  0-182  amp.  per  sq.  cm.,  metal  alone  was  deposited  with  a 38-4  to  38-6  per 
cent,  ampere  output.  The  deposit  is  good  up  to  about  50°,  but  beyond  that  the 
chromium  deposits  as  a black  powder.  With  a constant  current  density,  and  with 
soln.  containing  184  grms.  of  Cr  per  litre  and  over,  the  deposit  was  a metallic 
powder  ; with  soln.  containing  respectively  158,  135,  and  105  grms.  of  Cr  per  litre, 
the  percentage  ampere  outputs  of  pure  metal  were  respectively  50-6,  49-0,  and 
38-4  ; with  soln.  containing  179  grms.  of  Cr  per  litre,  at  first  metal  and  the  chromosic 
oxide  were  deposited  ; and  with  53-  or  less  grms.  of  Cr  per  litre,  chromosic  oxide 
and  hydrogen  were  formed.  Sulphate  and  acetate  soln.  give  similar  results  except 
the  numerical  values  differed  from  those  just  indicated.  The  acetate  soln.  gave 
imperfect  precipitates,  and  poor  yields ; the  best  yield — 84-6  per  cent. — with 
sulphate  soln.  occurred  with  soln.  containing  65-85  grms.  of  Cr  per  litre,  and  a 
current  density  of  0-13  to  0-20  amp.  per  sq.  cm.  B.  Neumann,  and  G.  Glaser 
concluded  that  the  influence  of  temp,  is  of  slight  importance,  but  H.  R.  Carveth 
and  W.  R.  Mott  found  that  with  chloride  soln.  a rise  of  temp,  caused  a marked 
decrease  in  efficiency.  The  electrodeposition  of  cnromium  was  also  investigated 
by  J.  Sigrist  and  co-workers,  and  E.  F.-  Smith.  S.  Kyropoulos  found  that 
chromium  is  deposited  more  freely  in  isolated  spots  on  the  crystal  faces  of  tempered 
aluminium.  A higher  current  density  favours  deposition  on  the  crystal  faces. 
Deposition  on  the  crystal  faces  is  favoured  by  conditions  such  that  the  production 
of  hydrogen  at  the  cathode  is  possible.  Resistance  to  copper  deposition  is  most 
clearly  shown  by  passive  chromium,  deposition  occurring  only  on  isolated  spots 
of  non-passive  chromium ; with  hydrogen  evolution  at  the  cathode,  deposition 
occurs  on  the  crystal  faces  of  the  chromium. 

According  to  H.  R.  Carveth  and  W.  R.  Mott,  in  the  electrolysis  of  a soln.  of 
chromic  chloride  containing  100  grms.  of  Cr  per  litre,  at  21°,  and  a current 
density  of  0-5  amp.  per  sq.  cm.,  the  efficiency  slowly  increased  until  a constant  value 
of  about  30  per  cent,  was  attained.  This  phenomena  was  attributed  to  the  for- 
mation of  chromous  chloride  which  is  assumed  to  be  necessary  for  efficient 
electrolysis — raising  the  temp,  acts  deleteriously  by  increasing  the  rate  of  oxidation 
of  chromous  chloride.  The  bubbling  of  air  through  the  soln.  diminished  the 
efficiency.  Variations  in  the  nature  of  the  anode  liquid  caused  considerable  altera- 
tions in  the  efficiency ; high  values  were  obtained  with  an  anolyte  of  ammonium 
sulphate,  due,  it  is  supposed,  to  diffusion  into  the  cathode  chamber.  O.  Dony- 
Henault  added  that  the  formation  of- chromous  chloride  is  not  the  only  condition 
required  for  the  deposition  of  chromium  from  a soln.  of  chromic  salt.  During  the 
electrolysis  of  a soln.  of  chrome-alum,  the  green  soln.  becomes  violet,  and  after  a 
time  deposits  violet  crystals  of  the  alum.  Chromium  was  deposited  from  the 
violet  but  not  from  the  green  soln. 

According  to  J.  Voisin,  the  electrolysis  of  a soln.  of  purified  chromic  acid  gives 
2 vols.  of  hydrogen  and  one  vol.  of  oxygen  as  in  the  analogous  case  of  sulphuric 
acid.  The  electrolysis  of  a soln.  of  ordinary  chromic  acid — 260  grms.  per  litre — 
with  a current  density  of  0-40  amp.  per  sq.  cm.  gives  0-250  grm.  of  white,  adherent 
chromium  per  hour.  Chromium  anodes  are  preferable.  The  deposit  is  improved 
when  5-6  grms.  of  boric  acid  per  litre  are  present.  A sat.  soln.  of  chromic  hydroxide 
in  hydrofluoric  acid,  and  a current  density  of  0-2  to  0-20  amp.  per  sq.  cm.  and  1 2 volts 
gives  no  metal,  but  a green  deposit  of  Cr203.9H20  appears  on  the  cathode. 
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H.  R.  Carveth  and  B.  E.  Curry  found  that  chromium  begins  to  be  deposited  instantly 
from  a soln.  of  impure  chromic  acid  at  18°  with  a current  density  of  about  0-80  amp. 
per  sq.  cm.  The  deposition  is  not  so  readily  obtained  with  soln.  of  purified  chromic 
acid  which  has  a decomposition  voltage  of  2-31  volts.  In  all  cases,  the  liquid  was 
coloured  brown,  and  chromic  salts  were  produced ; the  brown  precipitate  formed 
at  the  cathode  is  probably  Cr(Cr04).  It  is  assumed  that  sexivalent  chromium 
' cations  are  present  in  the  soln.  of  chromic  acid,  and  that  the  increased  deposition 
which  occurs  when  sulphuric  acid  is  present,  is  due  to  an  increase  in  the  cone,  of 
the  sexivalent  Cr-cations  by  a reaction  of  chromic  acid  with  the  sulphuric  acid. 

F.  Salzer  found  that  the  deposits  of  chromium  are  produced  with  a bath  of 
approximately  equal  proportions  of  chromic  acid  and  chromic  oxide  ; or  preferably 
with  an  excess  of  chromic  acid.  The  quantities  should  be  kept  nearly  constant 
during  the  electrolysis,  and  the  temp,  maintained  constant  by  cooling  the  bath. 
Anodes,  capable  of  oxidizing  the  chromium  oxide  to  chromic  acid  during  the 
passage  of  the  current,  may  be  employed,  in  order  to  maintain  a constant  com- 
position in  the  bath  by  compensating  for  the  chromic  acid  reduced  at  the  cathode, 
or  insoluble  anodes,  such  as  lead  or  platinum,  may  be  used  to  maintain  a constant 
composition,  these  being  in  part  freely  suspended  in  the  bath,  and  in  part  separated 
from  the  cathode  chamber  by  convenient  diaphragms.  The  subject  was  investigated 
by  E.  Liebreich,  E.  Muller,  E.  Muller  and  P.  Ekwall,  and  G.  Grube  and  G.  Breitinger. 

A.  Krupp  prepared  chromium  of  a high  degree  of  purity  by  electrolyzing  a 
fused  chromium  halide  using  impure  chromium  as  anode.  The  electrodeposition 
of  chromium  has  been  investigated  by  R.  Appel,3  C.  L.  Long  and  co-workers, 

G.  Neuendorf!  and  F.  Sauerwald,  and  F.  Andersen.  R.  Taft  and  H.  Barham 
studied  the  electrodeposition  of  chromium  from  soln.  of  its  salts  in  liquid  ammonia. 

H.  Moissan,  and  J.  Feree  prepared  pyrophoric  chromium  by  distilling  the  amal- 
gam in  vacuo  at  300°,  but  if  heated  more  strongly,  it  loses  its  pyrophoric  activity. 

H.  Kuzel  obtained  colloidal  Chromium  by  bringing  the  element  to  a fine  state  of 
subdivision  by  grinding,  or  by  cathodic  disintegration.  It  was  then  converted  into 
the  colloidal  state  by  repeated  alternate  treatments  for  long  periods  with  dil.  acid 
soln.  and  dil.  alkaline  or  neutral  soln.,  under  the  influence  of  moderate  heat  and 
violent  agitation.  After  each  treatment  the  material  was  washed  with  distilled 
water  or  other  solvent  until  completely  free  from  the  reagent  employed.  T.  Svedberg 
also  prepared  chromium  hydrosol  by  his  process  of  cathodic  disintegration  ; and 
with  isobutyl  alcohol  as  the  liquid  menstruum,  chromium  tsobutylalcosol  was 
obtained.  G.  Bredig  did  not  obtain  much  success  with  splutterings  from  an 
electric  arc  under  water. 
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§ 4.  The  Physical  Properties  of  Chromium 

The  specimens  of  chromium  prepared  by  the  early  investigators  were  more  or 
less  impure,  and  in  some  cases  the  impurity  affected  the  physical  properties  to  an 
appreciable  extent.  The  metal  prepared  by  the  carbon  reduction  process  is 
contaminated  with  carbon  or  carbides  ; and  that  prepared  by  aluminium  reduction 
is  contaminated  with  aluminium  and  silicon.  Chromium  prepared  by  heating 
the  amalgam  to  about  300°  is  a black  pyrophoric  grey  powder — vide  swpra. 
R.  Bunsen  1 found  that  the  electrolytically  deposited  metal  to  be  steel-grey  or 
silver- white.  H.  Moser  described  chromium  as  a steel-grey  mass  composed  of 
four-sided  prisms;  and  J.  F.  Gmelin  obtained  a metal  with  a -dull-grey  fracture 
and  interspersed  with  tin- white  crystals.  E.  Glatzel  obtained  chromium  as  a 
micro-crystalline,  grey  powder ; F.  Wohler  obtained  it  in  the  form  of  what  he 
called  grey  rhombohedra ; E.  Jager  and  G.  Kriiss,  tin-white  rhombohedra ; 
P.  A.  Bolley,  tetragonal  pyramids  ; E.  Fremy,  and  E.  Zettnow,  in  cubic  crystals ; 
and  W.  Prinz  said  that  when  prepared  by  F.  Wohler’s  process,  the  minute  cubes 
with  pyramidal  faces  furnish  hexagonal  and  octahedral  contours  when  examined 
by  transmitted  light ; and  he  added  that  the  supposed  rhombohedra  are  probably 
deformed  octahedra.  W.  C.  Phebus  and  F.  C.  Blake  found  that  the  X-radiogram 
agrees  with  a body-centred  cubic  lattice,  with  side  a=2-875  A.  A.  W.  Hull  gave 
for  the  side  of  the  elementary  cube  of  the  body-centred  cubic  lattice,  2-895  A. ; 
for  the  distance  between  the  nearest  atoms,  2-508  A. ; and  for  the  density,  7-07  ; 
R.  A.  Patterson,  and  F.  Sillers  gave  a=2-872  A. ; E.  C.  Bain,  a— 2-899  A.  ; and 
W.  C.  Phebus  and  F.  C.  Blake,  a=2-875  A.  for  the  body-centred  cubic  lattice. 
W.  P.  Davey  and  T.  A.  Wilson,  E.  Schmid,  R.  Blix,  W.  Hume-Rothery,  and 

G.  F.  Hiittig  and  F.  Brodkorb  made  observations  on  this  subject.  H.  L.  Cox  and 
I.  Backhurst  observed  no  marked  effect  on  the  X-radiograms  for  stresses  below  the 
elastic  limit.  A.  J.  Bradley  and  E.  F.  Ollard  said  that  the  electro-deposited 
chromium  may  exhibit  allotropy,  for  it  may  show  the  hexagonal  structure  as  well 
as  the  body-centred  cubic  structure.  C.  S.  Smith  observed  only  the  latter  form. 
The  subject  was  discussed  by  F.  Adcock  ; and  H.  Shoji  studied  the  mechanism  of 
the  change  of  the  space-lattice  in  passing  from  one  allotropic  form  to  another. 
A.  W.  Hull  added  that  iron  and  chromium  have  a similar  arrangement  of  atoms 
in  the  space-lattice,  and  this  shows  that  ferro-magnetism  does  not  depend  on  a 
particular  arrangement  of  the  atoms.  On  the  other  hand,  A.  J.  Bradley  and 
E.  F.  Ollard  said  that  the  X-radiogram  agrees  with  the  assumption  that  chromium 
is  a mixture  of  two  allotropes.  In  the  predominating  form,  the  atoms  are  arranged 
in  two  hexagonal  lattices  giving  an  almost  hexagonal  close-packed  structure,  the 
axial  ratio  a : c being  1-625  instead  of  1-633,  and  the  distance  between  neighbouring 
atomic  centres  2-714  A.  and  2-70  A. 

J.  B.  Richter  gave  5-9  for  the  specific  gravity  of  chromium  ; F.  Wohler,  6-81 
at  25°  ; J.  E.  Loughlin,  6-2  ; C.  F.  Rammelsberg,  6*622  ; R.  Bunsen,  6-7  ; E.  Glatzel, 

6- 7179-6-737  at  16°  for  the  crystalline  powder  ; A.  Gotta,  7-0367  to  7-0747  at  25°  ; 

H.  Moissan,  6-92  at  20°  for  the  metal  previously  fused  in  an  electric  furnace ; 
A.  Binet  du  Jassonneix,  7-1  at  17°  for  metal  derived  from  the  boride ; and  T.  Doring 

7- 085  for  98  per  cent,  chromium  prepared  by  the  alumina-thermite  process. 
K.  Honda  gave  6-8  for  a sample  with  over  20  per  cent,  of  iron.  K.  Ruf  gave  7-014 
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at  20°  for  the  pure  metal,  and  7-011  for  electrolytic  chromium.  G.  F.  Hiittig  and 
i F.  Brodkorb  found  that  electrolytic  chromium  free  from  occluded  gas  had  a sp.  gr. 
of  7-138  at  25°/4°,  and  7-156  at  — 50°/4° ; hence  the  atomic  volume  is  7-286  at  25° 
and  7-268  at  —50°.  H.  Schroder  discussed  the  volume  relations  of  the  sulphates, 
selenates,  and  chromates  ; E.  Donath  and  J.  Mayrhofer,  the  at.  vol.  ; and  I.  Traube, 
i the  at.  soln.  vol.  E.  M.  Baker  and  A.  M.  Rente,  and  D.  J.  Macnaughtan  discussed 
the  porosity  of  electro-deposited  chromium.  M.  L.  Huggins  calculated  for  the 
atomic  radius,  1-44  A. : W.  F.  de  Jong  and  H.  W.  V.  Willems,  1-40  A.  to  1-42  A. ; 
and  W.  L.  Bragg,  1-40  A.  H.  G.  Grimm,  V.  M.  Goldschmidt,  L.  Pauling,  E.  T.  Wherry, 
J.  C.  Slater,  and  A.  M.  Berkenheim  discussed  this  subject,  from  which  it  follows 
that  for  sexivalent  chromium  atoms,  the  effective  at.  radius  is  0-52  to  0-65  A.,  and 
for  typical  atoms,  1-17  to  1-54  A.  P.  Yinassa  studied  the  mol.  number. 

K.  W.  Schwartz  said  that  the  bluish-white  metal  is  exceedingly  hard  and  can 
be  drilled  only  with  difficulty.  J.  B.  Dumas  found  that  the  chromium  he  prepared 
scratched  glass  of  hardness  5-6  on  Mohs’  scale.  H.  St.  C.  Deville  said  that  its 
hardness  is  equal  to  that  of  corundum  ; while  H.  Moissan  said  that  it  scratches  glass 
only  with  difficulty  ; it  can  be  polishec  readily  and  then  shows  a good  reflecting 
surface.  J.  R.  Rydberg  gave  9 for  its  degree  of  hardness  (diamond  10).  According 
to  F.  Adcock,  the  great  hardness  of . electrolytically-deposited  chromium,  650  on 
Brinell’s  scale,  is  apparently  caused  by  the  occluded  hydrogen,  the  crystalline 
form,  and  possibly  the  oxygen.  It  is  not  possessed  by  the  metal  of  a high  degree 
of  purity  melted  or  annealed  at  high  temp,  in  vacuo  or  an  atm.  of  hydrogen,  the 
hardness  being  then  as  low  as  70  on  Brinell’s  scale.  L.  E.  and  L.  F.  Grant  obtained 
the  hardest  deposits  of  chromium  from  a soln.  of  209  grms.  of  chromic  acid,  23  grms. 
of  chromic  oxide,  and  6-4  grms.  of  chromic  sulphate  per  litre  using  a current  density 
of  33-3  amps,  per  sq.  dm.,  at  45°.  D.  J.  Macnaughtan  and  A.  W.  Hothersall 
gave  500  to  900  for  Brinell’s  hardness  of  electro-deposited  chromium ; and 

D.  J.  Macnaughtan  studied  the  porosity  of  the  deposits.  The  subject  was  discussed 
by  R.  J.  Piersol.  W.  Treitschke  and  G.  Tammann  found  that  the  viscosity  of 
chromium  is  very  great  when  in  the  vicinity  of  the  m.p.  T.  W.  Richards  found  the 
compressibility  of  chromium,  i.e.  the  mean  change  of  vol.  per  megabar,  between  100 
and  600  megabars,  to  be  0-7  X 10-6  for  99  per  cent, 
chromium.  P.  W.  Bridgman  found  for  the  vol.  com- 
pressibility from  measurements  of  the  linear  compressi- 
bility, at  30°,  hvjv0=— 5-187  xl0-7p-f- 2-19  Xl0-12p2  ; 
and  at  75°,  Sv/v(l=—  5-310  Xl0~7p-)-2-19xl0_12p2. 

These  values  are  lower  than  the  result  given  by 
T.  W.  Richards.  W.  Widder  gave  for  the  modulus  of 
elasticity,  E=EW{\  — 0-006536(0— 20)}  ; M.  Grube, 

C.  J.  Smithells  and  S.  Y.  Williams,  J.  Laissus,  W.  van 
Drunen,  and  F.  C.  Kelley  studied  the  diffusion  of 
chromium  with  iron  and  nickel. 

J.  Disch 2 found  the  coeff.  of  thermal  expansion — 
linear — to  be  0-05731  between  — 78°  and  0° ; and 
0-0584  between  0°  and  100°.  P.  Chevenard  found  that  the  expansion  curve  is 
exactly  reversible  between  0°  and  100°  and  shows  no  singular  point.  The  true 
coeff.  of  expansion,  0-0000068  at  0°,  increases  rapidly  with  temp,  and  shows  a 
slight  concavity  towards  the  increasing  temp.,  Fig.  2.  G.  F.  Hiittig  and  F.  Brod- 
korb gave  1-2  xlO-5  for  the  coeff.  of  expansion  between  — 50°  and  25°. 
W.  Widder  gave  0-05824  at  20°.  J.  Disch  gave  for  the  linear  expansion  in  mm. 
per  metre  : 

-78°  0°  100°  200°  300°  400°  500° 

Expansion  . -0-57  0-00  0-84  0-75  2-72  3-76'  4-86  mm. 

E.  Jager  and  G.  Kriiss  gave  for  the  specific  heat  0-12162  between  0°  and  98-24°  ; 
H.  Mache,  0-1208  between  0°  and  100°  ; H.  Schimpff  0-1044  at  0° ; R.  Lammel 


Fig.  2. — The  Effect  of  Tem- 
perature on  the  Coefficient 
of  Expansion. 
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gave  0-0898  at  — 100°  ; 0-1039  at  0°,  and  0-1872  at  600°.  T.  W.  Richards  and 
F.  G.  Jackson,  0-0794  between  —188°  and  20°  ; and  P.  Schiibel  gave  for  the 
true  sp.  ht.,  cp,  and  the  atomic  heat,  Cp  : 


50° 

cp  . 0-1080 

Cp  . 0-63 

100° 

0-1160 

6-05 

200° 

0-1200 

6-25 

300° 

0-1211 
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400° 

0-1250 

6-50 

500° 

0-1340 

6-99 

600° 

0-1500 

7-81 

S.  Umino  gave  : 
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Sp.  ht.  . 0118 

300° 

0123 

500° 
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700°  900° 

0-144  0 158 

1100° 

0-177 

1300°  1500° 

0-200  0-225 

1640° 
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F.  Wiist,  A.  Meuthen  and  R.  Durrer,  and  G.  Tammann  and  A.  Rohmann  also 
made  observations  on  the  sp.  ht.  F.  Michand,  J.  Maydel,  and  E.  van  Aubel  discussed 
the  at.  ht.  relations  ; and  E.  D.  Eastman  and  co-workers,  the  thermal  energy  of  the 
electrons  in  chromium,  and  computed  CP — Cu=0-037  Cal.  per  degree  per  mol. 
P.  Nordmeyer  and  A.  L.  Bernoulli  gave  0-1039  for  the  sp.  ht.  at  0°  ; 0-1121  at  100°‘; 
0-1236  at  300°  ; 0-1503  at  500°  ; and  0-0860  between  —185°  and  20°.  J.  Dewar 
gave  0-0142  between  —253°  and  196°  with  the  at.  ht.  4-14.  F.  Simon  and  M.  Ruhe- 
mann  gave  C?i=l-249  and  C„=l-247  at  71-29°  K. ; and  Cp= 1-56  and  Cv— 1-56 
at  79-50°  K.  R.  Lammel  represented  his  results  by  Cj,=O-lO3944-fO-O3lO5910 
— O-O62969402-)-O-O954O8803  ; and  F.  W.  Adler  observed  : 


0° 

100° 

200° 

300° 

400° 

500° 
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0-10394 

1-11211 
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H.  St.  C.  Deville  3 found  that  chromium  melts  at  a higher  temp,  than  is  the 
case  with  manganese  or  platinum ; and  H.  Moissan  also  stated  that  the  melting 
point  of  chromium  is  much  higher  than  that  of  platinum ; for  it  cannot  be 
fused  by  the  oxyhydrogen  blowpipe.  E.  Glatzel,  however,  fused  it  by  the  oxy- 
hydrogen'  flame.  S.  O.  Cowper-Cowles  gave  2000°  for  the  m.p. ; but  this  is  too 
high.  E.  A.  Lewis  found  that  the  metal  made  by  the  aluminium-thermite 
process  melted  at  1515°  ± 5°.  G.  K.  Burgess  gave  for  99  per  cent,  chromium, 
1489° ; E.  Tiede  and  E.  Birnbrauer,  .1420° ; E.  Newbery  and  J.  N.  Pring, 
1615°  ±15°  ; W.  Treitschke  and  G.  Tammann,  1513°  ; S.  Umino,  1600°  (95-39  per  , 
cent.  Cr)  ; R.  S.  Williams,  and  G.  Voss,  1553°  ; K.  Lewkonja,  1547°  ; J.  Johnston, 
1510° ; G.  Hindrichs,  1550°  ; and  R.  Vogel  and  E.  Trilling  give  1575°.  K.  Honda 
gave  1515°  for  a sample  with  about  20  per  cent,  of  iron.  W.  Guertler  and  M.  Pirini, 

W.  R.  Mott,  and  G.  K,  Burgess  and  R.  G.  Waltenberg  gave  for  the  best  repre- 
sentative value  1520° ; but  L.  I.  Dana  and  P.  D.  Foote  gave  1615°.  A.  von  Vogesack 
said  that  the  m.p.  of  chromium  is  over  1700°,  and  that  the  lower  values  are  due  to 
the  presence-  of  carbon  obtained  from  the  carbon  monoxide  in  the  atmosphere  in 
which  the  metal  is  melted ; whilst  with  C.  J.  Smithells  and  S.  V.  Williams,  1920° 
was  thought  to  be  a low  value  for  the  m.p.  H.  Moissan  said  that  when  chromium 
is  fused  in  the  electric  arc-furnace  it  forms  a very  fluid,  bright  liquid  with  the 
appearance  and  fluidity  of  mercury ; and  it  can  be  cast  in  a mould.  It  can  be 
distilled  in  the  electric  arc-furnace  ; and  H.  C.  Greenwood  gave  2200°  for  the 
boiling  point  of  chromium — W.  R.  Mott  estimated  3000°.  J.  Johnston  gave  for 
the  vapour  pressure  log  p— — 14900T_1'-f  8-91  ; and 

980°  1090°  1230°  1400°  1610°  1800°  1890°  2200° 

p I0-3  10-2  10-1  1 10  50  100  760 

F.  Wiist  and  co-workers,  and  W.  Herz  gave  32-00  Cals,  for  the  latent  heat  of  fusion 
per  gram  ; and  S.  Umino,  70-05  Cals.  E.  Kordes  gave  0-91  (cals.)  for  the  entropy 
of  chromium.  G-  N.  Lewis  and  co-workers  gave  5-8  for  the  at.  entropy  of  chromium 
at  25° ; W.  Herz,  10-85 ; and  B.  Bruzs,  19-8  at  the  m.p.  E.  D.  Eastman  and 
co-workers  studied  this  subject ; and  R.  D.  Kleeman,  the  internal  and  free  energy 
of  chromium. 

A.  L.  Bernoulli 4 gave  2-67  for  the  index  of  refraction  of  chromium,  and  1-63 
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for  the  absorption  coeff.  for  Na-light.  H.  von  Wartenberg  gave  2-97  for  the  index 
of  refraction,  /j.  ; 4-85  for  the  absorption  coeff.,  k ; and  69-7  per  cent,  for  the 
reflecting  power,  R.  V.  Freedericksz  gave 

A . • 257fi  fi  325 nn  361  pn  444 [l\x  502 fj.fi  668/x^i 

H . 1-641  1-259  1-530  2-363  2-928  3-281 

k . . . 3-69  2-91  3-21  4-44  4-55  4-30 

W.  W.  Coblentz  and  R.  Stair,  and  W.  W.  Coblentz  gave  for  the  reflecting  power 

A . . 0-5ft  l-0ft  2-0  ft  30/t  40ft  5-0ft  90/x 

R .55  57  63  70  76  81  92  per  cent. 

P.  R.  Gleason,  W.  W.  Coblentz  and  R.  Stair,  and  M.  Luckiesh  made  observations 
on  the 'subject.  V.  Freedericksz  gave  60  to  72  per  cent,  for  A=257 fx/x  to  668yu./x. 
F.  J.  Micheli  observed  no  difference  between  the  reflecting  power  of  passive  and 
active  chromium,  although  in  the  case  of  passive  and  active  iron,  the  results  indicated 
that  a film  was  formed.  A.  L.  Bernoulli  found  that  the  results  of  F.  J.  Micheli 
were  anomalous  owing  to  gas  absorption,  for  there  is  a marked  difference  in  the 
reflecting  powers  of  the  active  and  passive  forms  of  chromium — this  is  attributed 
to  the  presence  of  a surface  film  on  the  passive  metal.  J.  H.  Gladstone  found  the 
refraction  equivalent  of  chromium  to  be  15-9  ; and  the  specific  refraction,  0-305. 
W.  J.  Pope  gave  22-25  for  the  refraction  eq.  of  tervalent  chromium.  T.  Bayley,6 
and  M.  N.  Saha  discussed  the  colour  relations  of  chromium  and  of  copper,  man- 
ganese, iron,  cobalt,  and  nickel ; and  J.  Piccard  and  E.  Thomas,  of  chromous  and 
chromic  ions,  and  of  chromates  and  dichromates.  W.  Biltz  discussed  the  relation 
between  colour  and  the  magnetic  properties  of  the  Clement. 

Chromium  compounds  do  not  give  the  ordinary  flame  spectrum.  V.  Merz  0 
said  that  when  a chromate  moistened  with  sulphuric  acid  is  introduced  at  the 
edge  of  the  colourless  gas  flame,  the  edge  of  the  flame  acquires  a dark  reddish-brown 
colour  and  a rose-red  mantle  which  can  be  recognized  with  0-001  mgrm.  of  the 
chromate.  K.  Someya  observed  that  the  colourless  soln.  obtained  by  reducing 
a very  dil.  soln.  of  potassium  dichromate  shows  that  chromous  ions  are  colourless, 
and  that  thiocyanate  produces  the  blue  colour  of  cone.  soln.  owing  to  the  formation 
of  complex  ions.  F.  Gottschalk  and  E.  Drechsel  found  that  the  vapour  of  chromyl 
chloride  in  the  oxy-coal  gas  flame  shows  a band  spectrum  in  the  green  and  yellow. 
A.  Gouy  found  that  when  chromium  salts  are  fed  into  the  bunsen  flame,  the  inner 
cone  shows  some  spectral  lines.  J.  N.  Lockyer  also  found  spectral  bands  with 
chromium  salts  in  the  oxy-coal  gas  flame,  and  G.  D.  Liveing  and  J.  Dewar  observed 
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Fia.  3. — Spark  Spectrum  of  Chromium. 

numerous  lines  in  the  specimen  of  the  explosion  flame  of  electrolytic  gas  with 
chromium  salts.  W.  N.  Hartley  observed  the  oxy- hydrogen  flame  spectrum. 
H.  W.  Vogel,  M.  A.  Catalan,  and  C.  de  Watteville  studied  this  subject.  G.  Kirch- 
hoff  first  investigated  the  spark  spectrum,  and  he  was  followed  by  W.  A.  Miller, 
W.  Huggins,  R.  Thalen,  C.C.Kiess,  A.  Mitscherlich,  L.  de  Boisbaudran,  G.  Ciamician, 
J.  Parry  and  A.  E.  Tucker,  G.  D.  Liveing  and  J.  Dewar,  J.  N.  Lockyer,  F.  McClean, 

E.  Demar^ay,  L.  and  E.  Bloch,  A.  de  Gramont,  W.  E.  Adeney,  R.  J.  Lang,  0.  Lohse, 

F.  Exner  and  E.  Haschek,  R.  E.  Loving,  A.  Hagenbach  and  H.  Konen,  M.  A.  Catalan, 
J.  H.  Pollock,  J.  H.  Pollock  and  A.  G.  G.  Leonhard,  F.  L.  Cooper,  J.  M.  Eder  and 
E.  Valenta,  and  H.  Smith.  The  simple  spark  spectrum  shown  by,  say,  a soln.  of 
chromic  chloride  is  characteristic,  and  can  be  employed  in  the  spectroscopic  detection 
of  chromium,  Fig.  3.  There  is  the  5207-line  in  the  green  ; and  a group  of  three 
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lines  4290,  4275,  and  4254  in  the  indigo-blue,  which  are  well  defined,  while  there 
are  feebler  lines  4345  in  the  blue  ; 5253,  5276,  5297,  5341,  and  5410  in  the  green ; 
and  5790  in  the  orange-yellow.  E.  0.  Hulburt  studied  the  spectrum  of  the  con- 
densed spark  in  aq.  soln.  The  are  spectrum  of  chromium  was  studied  by 
J.  N.  Lockyer,  B.  Hasselberg,  F.  Exner  and  E.  Haschek,  M.  A.  Catalan,  H.  Gieseler, 
Lord  Blythwood  and  W.  A.  Scoble,  R.  Frerichs,  A.  S.  King,  A.  B.  McLay, 
J.  Clodius,  D.  Foster,  L.  Stilting,  K.  Burns,  S.  P.  de  Rubies,  J.  Buchholz,  C.  C.  Kiess, 
C.  C.  Kiess  and  W.  F.  Meggers,  and  J.  Hall.  The  ultra-violet  spectrum  was 
studied  by  W.  A.  Miller,  J.  C.  McLennan,  A.  B.  McLay,  R.  A.  Millikan  and 

I.  S.  Bowen,  V.  Schumann,  F.  Exner  and  E.  Haschek,  L.  and  E.  Bloch, 
W.  E.  Adeney,  M.  Edlen  and  M.  Ericson,  and  R.  Richter  ; the  ultra-red  spectrum, 
by  K.  W.  Meissner,  T.  Dreisch,  and  H.  M.  Randall  and  E.  F.  Barker.  H.  Finger 
examined  the  effect  of  the  medium  on  the  lines  in  the  spark  spectrum  ; F.  Croze, 
M.  A.  Catalan,  and  A.  de  Gramont,  les  rates  ultimes,  and  les  rates  de  grand 
sensibilite ; G.  D.  Liveing  and  J.  Dewar,  the  reversed  lines  in  metal  vapours ; 
.J.  N.  Lockyer  and  F.  E.  Baxandall,  M.  Kimura  and  G.  Nakamura,  and  J.  N.  Lockyer, 
the  enhanced  lines ; A.  S.  King,  and  H.  Geieler,  the  anomalous  dispersion ; 
W.  J.  Humphreys,  the  effect  of  pressure ; J.  A.  Anderson,  and  H.  Nagaoka 
and  Y.  Sugiura,  the  Stark  effect  or  the  influence  of  an  electric  field  on  the  arc 
spectrum  ; and  A.  Dufour,  H.  du  Bois  and  G.  J.  Elias,  W.  Miller,  J.  E.  Purvis, 
C.  Wali-Mohammad,  0.  Liittig,  W.  C.  van  Geel,  E.  Kromer,  and  W.  Hartmann, 
the  Zeeman  effect.  The  absorption  spectrum  of  the  vapour  was  examined  by 

J.  N.  Lockyer  and  W.  C.  Roberts- Austen,  R.  V.  Zumstein,  H.  D.  Babcock,  A.  S.  King, 
A.  W.  Smith  and  M.  Muskat,  H.  Gieseler  and  W.  Grotrian,  and  W.  Gerlach  ; 
the  absorption  spectrum  of  aq.  soln.  of  various  salts  ( q.v .)  was  examined  by  W.  de 
W.  Abney  and  E.  R.  Festing,  W.  Ackroyd,  T.  Bayley,  H.  Becquerel,  W.  Bohlen- 
dorff,  H.  Bremer,  D.  Brewster,  A.  Byk  and  H.  Jaffe,  T.  Carnelley,  S.  Kato, 
H.  Croft, -T.  Erhard,  A.  Etard,  J.  Formanek,  J.  Gay,  J.  H.  Gladstone,  F.  Hamburger, 
A.  Hantzsch,  A.  Hantzsch  and  R.  H.  Clark,  W.  N.  Hartley,  J.  M.  Hiebendaal, 
H.  C.  Jones  and  W.  W.  Strong,  G.  Joos,  B.  Kabitz,  0.  Knoblanch,  W.  Lapraik, 
H.  Fromherz,  G.  D.  Liveing  and  J.  Dewar,  G.  Magnanini,  G.  Magnanini  and 
T.  Bentivoglio,  F.  Melde,  W.  A.  Miller,  H.  Moissan,  J.  Muller,  E.  L.  Nichols, 
C.  Pulfrich,  A.  Recoura,  G.  B.  Rizzo,  P.  Sabatier,  C.  A.  Schunck,  H.  Settegast, 
C.  P.  Smyth,  J.  L.  Soret,  G.  J.  Stoney  and  J.  E.  Reynolds,  H.  F.  Talbot,  H.  M.  Vernon, 

K.  Vierordt,  E.  Viterbi  and  G.  Krausz,  H.  W.  Vogel,  E.  Wiedemann,  and  C.  Zimmer- 
mann ; and  the  absorption  lines  in  the  spark  spectrum  under  water,  by 
E.  0.  Hulburt.  J.  Formanek  said  that  the  chromium  salts  do  not  react  with 
alkanna  tincture.  L.  de  Boisbaudran  examined  the  fluorescence  spectrum. 
According  to  T.  Tanaka,  chromium  is  the  principal  agent  in  the  cathodoluminescence 
of  corundum.  No  series  spectrum  has  been  observed  with  chromium,  but  the 
lines  have  been  studied  from  this  point  of  view  by  L.  Janicki,  A. 'Dufour,  P.  G.  Nut- 
ting, H.  N.  Russell,  S.  Goudsmit,  E.  Kromer,  M.  Steenbeck,  H.  Deslandres, 

A.  Sommerfeld,  H.  E.  White,  H.  E.  White  and  R.  C.  Gibbs,  M.  A.  Catalan,  R.  Mecke, 
H.  Gieseler,  R.  Frerichs,  R.  J.  Lang,  C.  V.  Ramon  and  S.  K.  Datta,  G.  Wentzel, 
Y.  M.  Woo,  C.  Wali-Mohammed,  H.  Pickhan,  C.  C.  and  H.  Kiess,  A.  de  Gramont, 
0.  Laporte,  W.  F.  Meggers  and  co-workers,  A.  E.  Ruark  and  R.  L.  Chenault, 
C.  C.  Kiess  and  0.  Laporte,  R.  J.  Lang,  M.  A.  Catalan,  C.  E.  Hesthal,  and  N.  Seljakoff 
and  A.  Krasnikoff. 

B.  Rosen,7  M.  Levi,  and  G.  Kettmann  studied  the  X-ray  spectrum.  The  K-series 
in  the  X-ray  spectrum  was  studied  by  V.  Dolejsek,  V.  Dolejsek  and  K.  Pestrecoff, 

B.  C.  Mukherjee  and  B.  B.  Ray,  M.  Steenbeck,  C.  G.  J.  Moseley,  W.  Duane  and 
co-workers,  D.  Coster,  G.  Wentzel,  N.  Selijakoff  and  A.  Krasnikoff,  E.  C.  Unnewehr, 
A.  E.  Lindh,  H.  Fricke,  S.  Eriksson,  T.  L.  de  Bruin,  W.  Bothe,  B.  Kievit  and 

G.  A.  Lindsay,  F.  Wisshak,  S.  Pastorello,  J.  H.  van  Vleck  and  A.  Frank,  H.  Beuthe, 

H.  R.  Robinson  and  C.  L.  Young,  N.  Seljakoff  and  co-workers,  M.  J.  Druyvesteyn, 
R.  C.  Gibbs  and  H.  E.  White,  F.  Hjalmar,  K.  Chamberlain,  O.  Stelling,  M.  Siegbahn 
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and  co-workers,  B.  Walter,  J.  Schror,  and  H.  Stensson.  There  are  the  lines 
a-ja  =2-28855  ; aia=2-28517  ; a3a4=2-2733  ; £^=2-08144  ; and  ft,y=2-069. 
The  L-series  was  examined  by  J.  Schror,  A.  Duvanlier,  C.  E.  Howe,  F.  de  Boer, 
F.  P.  Mulder,  G.  Kellstrom,  F.  L.  Hunt,  and  R.  Thoroeus  ; the  M-series,  by 
F.  P.  Mulder,  and  B.  C.  Mukherjee  and  R B.  Ray  ; the  N-series,  by  F P.  Mulder  ; 
and  the  O-series,  by  F.  P.  Mulder. 

U.  Andrewes  and  co-workers  8 studied  the  absorption  of  X-rays.  The  absorption 
coefficients  of  X-rays  from  chromium  radiator  were  studied  by  U.  Andrewes  and  co- 
workers,  D.  M.  Bose,  C.  G.  Barkla  and  C.  A.  Sadler,  and  T.  E.  Auren.  0.  W.  Richard- 
son and  F.  S.  Robertson  investigated  the  soft  X-rays  from  chromium.  A.  C.  Davies 
and  F.  Horton  gave  the  critical  potentials  for  soft  X-rays.  J.  C.  McLennan,  and 
M.  A.  Catalan  gave  6-7  volts  for  the  ionization  potential,  and  2-89  volts  for  the 
first  resonance  potential.  H.  N.  Russell  gave  6*74  volts  for  the  first  ionization 
potential  and  16-6  volts  for  the  second.  B.  B.  Ray  and  R.  C.  Mazumdar  discussed 
the  critical  potential ; E.  Rupp,  the  deflection  of  electrons  by  films  of  chromium  ; and 
R.  H.  Ghosh,  and  B.  B.  Ray  and  R.  C.  Mazumdar,  the  relation  between  the  ionizing 
potential  and  the  electronic  structure.  E.  Rabinowitsch  and  E.  Thilo  studied  the 
subject.  J.  E.  P.  Wagstaff  gave  8-3  x 1012  for  the  vibration  frequency  ; and  W.  Herz, 
8-43  X 1012.  According  to  R.  Whiddington,  the  critical  velocities  of  cathode  rays 
required  to  excite  K-  and  L-radiations  with  the  chromium  radiator  are  respectively 
5-Ox  109  and  2-0 X 108  cm.  per  sec.  E.  C.  Unnewehr  studied  the  dependence  of  the 
energy  of  emission  of  the  K-radiation  on  the  applied  voltage.  The  use  of  chromium 
as  a radiator  for  X-rays  was  discussed  by  R.  Whiddington,  and  C.  A.  Sadler  and 
A.  J.  Steven.  A.  Wehnelt  classed  chromic  oxide  as  an  “ inactive  oxide  ” so  far 
as  the  emission  of  electrons  is  concerned,  when  it  is  fixed  on  a platinum  disc  and 
used  as  a cathode  of  a discharge  tube  ; but  A.  Poirot  found  that  anode  rays  are 
emitted  from  chromium.  W.  Espe  studied  the  subject.  E.  Rupp  discussed  the 
passage  of  electrons  through  thin  films  of  chromium.  P.  Weiss  and  G.  Foex 
calculated  values  for  the  atomic  moments  ; 0.  W.  Richardson  and  F.  S.  Robertson 
studied  the  photoelectric  effect,  and  U.  Nakaya  examined  the  influence  of  adsorbed 
gas  on  this  phenomenon.  R.  E.  Nyswander  and  B.  E.  Cohn  studied  the  thermo- 
luminescence  of  glass  activated  with  chromium. 

P.  E.  Shaw  and  C.  S.  Jex  9 said  that  chromium  acquires  negative  triboelectricity 
when  rubbed  on  glass.  K.  F.  Herzfeld  discussed  the  metallic  conductivity  of 
chromium.  I.  I.  Shukoff  gave  38-5  x 10  mhos  for  the  electrical  conductivity  of 
chromium  at  0°;  and  A.  Schulze  gave  2-60  xl0~6  for  the  sp.  resistance  at  0°. 
J.  C.  McLennan  and  C.  D.  Niven  gave  for  the  sp.  resistance,  R,  of  aged  and  unaged 
chromium : 

29“  27“  -152-4“  -193“  -190“  -2688“  -269-99“  -270-8“ 

d Caged  17-2  --  0-90  2-01  — — — — 

\ unaged  . — 43-8  27-0  — 28-8  26-7  26-6  26-6 

They  observed  no  indication  of  superconductivity  at  low  temp.  P.  W.  Bridgman 
gave  —5-8  X 10— 7 for  the  press,  coelf . of  the  resistance  ; and  0-000033  for  the  temp, 
coeff.,  the  resistance  at  30°  being  160  Xl05.  The  values  are  taken  to  represent 
an  impure  metal.  J.  C.  McLennan  and  co-workers  found  for  the  resistance  of  aged 
chromium,  at  different  temp,  absolute,  to  be : 

292“  273°  80“  20-6“  4-2°  2-25“  K: 

fix  103  . 5-59  — 0-655  0-260  0-258  0-258  ohms 

Sp.  resistance  . 17-2  15-25  2-Oi  0-80  0-79  0-79 

The  values  of  the  ratio  R/R0  at  liquid  air  temp,  is  0-132,  and  at  liquid  hydrogen 
temp.,  0-059.  P.  Kapitza  examined  the  effect  of  a magnetic  field  on  the  electrical 
conductivity.  Z.  A.  Epstein  compared  the  electrical  conductivities  of  the  elements 
and  their  position  in  the  periodic  table.  K.  Hopfgartner  found  that  the  transport 
numbers  of  the  chromic  ion  in  hydrochloric  acid  soln.,  are  0-318,  0-357,  and  0-414 
respectively  for  1-00,  0-32,  and  0-075  eq.  soln. — i.e.  for  zero  concentration,  0-446. 
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The  mobility  of  the  chromic  ion  is  46-3  to  53.  It  is  assumed  that  the  chromic  ion 
is  surrounded  by  a fairly  large  water-sheath.  E.  Newbery  discussed  the  over- 
voltage ; S.  J.  French  and  L.  Kahlenberg,  the  gas-inetal  electrodes  obtained  by 
chromium  and  oxygen,  nitrogen,  or  hydrogen ; and  N.  Koboseff  and  N.  I.  Nebrassofi, 
the  cathodic  polarization. 

According  to  J.  J.  Berzelius,  there  are  two  allotropic  forms  of  chromium.  The 
one,  a-chromium,  obtained  as  a grey  metallic  powder  by  reducing  chromium  tri- 
chloride with  potassium,  inflames  between  200°  and  300°  and  burns  vividly  to 
chromic  oxide,  and  it  dissolves  readily  in  hydrochloric  acid  with  the  evolution  of 
hydrogen  ; the  other,  /3-chromium,  obtained  by  reduction  with  carbon  at  a high 
temp.,  cannot  be  oxidized  by  heat,  by  boiling  with  aqua  regia,  by  hydrofluoric  acid, 
or  by  ignition  with  potassium  hydroxide  or  nitrate.  He  added  that  corresponding 
modifications  can  be  traced  through  many  of  the  compounds  of  chromium  ; but 
this  statement  is  not  now  regarded  as  correct  because  certain  allotropic  forms  of 
the  salt  are  now  explained  without  assuming  that  they  are  due  to  allotropic  forms 
of  the  element.  As  indicated  above,  R.  Bunsen  asked  if  the  electrolysis  of  soln. 
of  the  green  and  violet  chromium  salts  would  give  corresponding  allotropic  forms 
of  the  element,  but  the  answer  is  in  the  negative.  \Y.  Hittorf  recognized  that 
chromium  can  exist  in  an  active  and  in  a passive  state.  Chromium  is  active  in 
contact  with  hydrofluoric,  hydrochloric,  hydrobromic,  hydriodic,  acetic,  oxalic, 
sulphuric,  and  hydrofluosilicic  acids,  that  is,  the  metal  dissolves  in  these  acids 
with  the  evolution  of  hydrogen,  if  the  acids  are  concentrated  and  cold,  and  if  the 
acids  are  dilute,  application  of  heat  may  be  required.  On  the  other  hand,  chromium 
is  passive  in  chlorine  or  bromine  water,  in  cone,  nitric,  chromic,  phosphoric,  chloric, 
perchloric,  citric,  formic,  or  tartaric  acid,  for  the  metal  does  not  dissolve  therein. 
The  difference  in  its  behaviour  towards  these  acids  is  associated  with  a difference 
in  the  electrode  potential  of  chromium  for  the  difference  in  the  e.m.f.  of  the  two 
states  amounts  to  about  1-6  volts,  for  with  active  chromium,  the  e.m.f.  of  the  cell 
Cr/acid,  H2Cr04/Pt  is  about  1-9  volt,  and  with  the  passive  metal,  0-3  volt.  In 
the  electrochemical  series,  active  chromium  is  close  to  zinc,  but  passive  chromium 
stands  near  platinum.  Otherwise  expressed,  passive  chromium  behaves  as  a noble 
metal,  being  electronegative  towards  zinc,  cadmium,  iron,,  nickel,  copper,  mercury, 
and  silver,  for  it  does  not  decompose  even  boiling  soln.  of  these  salts,  excepting 
that  it  reduces  mercuric  and  cupric  salts  respectively  to  mercurous  and  cuprous 
salts.  When  chromium  is  employed  as  anode  in  soln.  in  which  it  is  indifferent,  it 
becomes  covered  with  a yellow  film  of  chromic  acid,  and  the  loss  of  weight  of  the 
anode  was  found  to  correspond  with  the  production  of  sexivalent  chromium  ions  ; 
this  occurs  even  in  soln.  of  hydrogen  chloride  in  which  chromium  ordinarily  dis- 
solves with  the'  formation  of  chromous  salts.  This  may  be  due  either  to  the  decom- 
position of  the  water  by  the  anion  and  subsequent  formation  of  chromic  acid  from 
the  liberated  oxygen,  or  to  the  formation  of  a compound  of  sexivalent  chromium 
with  the  anion  and  the  decomposition  of  this  compound  by  water  ; no  such  com- 
pound, however,  is  actually  known  to  exist.  In  soln.  of  potassium  thiocyanate  or 
of  an  iodide,  the  chromium  anode  experiences  no  loss.  The  coeff.  of  the  amal- 
gamated metal  M in  the  cell  M | KC1,  NaN03,  AgN03  | Ag  at  5°  are  : 

M . Zn  Cd  Pt  Fe  Sn  Cu  Cr 

Volt  . 1-534  0-974  1-123  0-955  1 010  0-689  0 

W.  J.  Miiller  found  that  there  are  certain  current  densities  which  vary  with  the 
time  required  to  make  the  metal  passive.  W.  Muthmann  and  F.  Fraunberger 
found  the  electrode  potential  between  chromium  and  IV-KC1  against  the  normal 
calomel  electrode  zero  to  be  — 0-63  volt  for  the  most  active  metal,  and  — 1*19  volt 
for  the  most  passive.  Fresh  electrolytic  chromium  was  found  by  B.  Neumann  to 
be  strongly  active.  W.  Muthmann  and  F.  Fraunberger  observed  variations  of  the 
electrode  potential  with  the  same  piece  of  metal.  A piece  25  cms.  long  had  a 
potential  of  —0-03  volt  at  orre  end,  and  -f-0-03  at  the  other  ; and  when  activated, 
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—0-17  volt  and  — 0-07  volt.  W.  Rathert  observed  that  a piece  of  chromium  polished 
in  air  had  a potential  against  OIA-H2SO4  of  +0-26  volt,  and  after  lying  some  time 
in  air,  +0-37  volt ; and  when  polished,  in  hydrogen,  —0-054  volt  at  first,  and 
-|-0-071  after  standing  3 minutes  in  the  liquid.  Thus,  polished  chromium  is  not 
active  in  hydrogen.  Passive  chromium  becomes  active  when  it  is  charged  elec- 
trolytically  with  hydrogen ; but  molecular  hydrogen  has  scarcely  any  action  on 
the  potential  of  a passive  chromium  electrode.  A.  M.  Hasebrink  observed  that 
when  chromium  is  treated  with  nitric  acid,  and  heated  in  nitrogen,  it  remains 
active  a few  hours,  and  then  becomes  passive  ; if  hydrochloric  acid  be  substituted 
for  nitric  acid,  the  chromium  remains  active  as  long  as  it  is  kept  in  nitrogen. 
Chromium  activated  in  hydrogen  remains  active  in  this  gas.  At  ordinary  temp., 
nitrogen,  hydrogen,  and  carbon  dioxide  do  not  activate  chromium,  nor  do  they  passivate 
chromium  made  active  by  scratching.  Occluded  gases  influence  the  rate  of  acti- 
vation or  passivation  of  chromium.  Oxygen  favours  passivation,  hydrogen  retards 
it.  Atm.  oxygen  rapidly  passivates  chromium  ; iodine  acts  as  an  activating  agent, 
never  as  a passivating  agent.  The  potential  of  chromium  or  nickel  rubbed  with 
emery  in  an  indifferent  atm.,  falls  at  first,  then  recovers  partially  ; and  after 
repeated  rubbings,  a constant  potential  is  finally  reached  which  is  lower  than  the 
initial  one.  Molecular  oxygen  passed  through  an  electrolyte,  during  the  electrolysis 
of  chromium,  raises  its  potential ; but  the  potential  is  scarcely  affected  if  hydrogen 
or  nitrogen  be  employed  in  place  of  oxygen.  Electrolytic  oxygen  or  hydrogen 
affect  the  potential  enormously.  The  subject  was  discussed  by  T.  Murakami,  and 
B.  Strauss  and  J.  Hinniiber. 

As  previously  indicated,  chromium  becomes  passive  when  treated  with  certain 
oxidizing  agents — e.g.  chlorine  or  bromine-water,  soln.  of  iodine  and  potassium 
iodide,  cone,  nitric  and  chromic  acids,  chloric  acid,  potassium  permanganate, 
potassium  ferricyanide,  ferric  chloride,  and  oxygen  or  air- — N.  Isgarischeff  and 
A.  Obrutscheva  also  found  that  oxidizing  agents — like  chromic  acid,  hydrogen 
dioxide,  potassium  permanganate — and  exposure  to  air  or  to  electrolytic  oxygen 
make  the  metal  passive  ; and,  according  to  A.  L.  Bernoulli,  the  action  of  a soln. 
of  quinine  in  benzene.  Chromium  also  becomes  passive  when  used  as  anode  in  an 
electrolytic  cell.  J.  Alvarez  found  the  strength  of  the  current  necessary  to  pro- 
duce the  passive  state — the  critical  strength  of  current — depends  on  the  cone,  and 
temp,  of  the  electrolyte.  Thus,  with  2-8 N-,  0-7 N-,  and  0175A-HC1,  the  critical 
voltages  were  0-35,  0-085,  and  0-034  volt  respectively  ; and  with  5 N-,  0-6 N-,  and 
0-075A-H2S04,  respectively  0-098,  0-046,  and  0-018  volt.  C.  Eredenhagen  applied 
a gradually  increasing  or  decreasing  e.m.f.  to  a chromium  electrode  immersed  in 
sulphuric  acid,  and  determined  the  electrode  potential  and  the  strength  of  the 
polarization  current.  The ' electrode  potential  at  the  point  where  activity  or 
passivity  sets  in  is  not  well-defined,  and  this  is  taken  to  support  the  hypothesis 
that  passivity  does  not  depend  on  the  formation  of  an  oxide  film  or  of  another 
modification  of  the  metal,  but  is  rather  related  to  the  rate  at  which  the  metal 
becomes  charged  with  oxygen.  The  electrode  potential  attained  when  passivity 
or  activity  sets  in  is  very  sensitive  to  slight  changes  in  the  cone,  of  the  acid  ; and 
a rise  of  temp,  favours  the  active  state.  The  passive  condition  is  said  to  be  attained 
when  the  oxygen  polarization  extends  uniformly  over  the  whole  surface  of  the 
electrode  ; and  the  appearance  of  the  active  state  when  the  polarization  e.m.f.  is 
lowered  is  due  to  the  fact  that  the  reactions  which  use  up  oxygen  begin  to  over- 
balance those  which  produce  oxygen.  According  to  W.  Rathert,  the  potential 
at  which  the  passive  metal  becomes  active  is  not  the  same  as  that  at  which  the 
active  metal  becomes  passive,  and  that  the  abrupt  change  observed  by  F.  Flade 
does  not  represent  a boundary  potential  below  which  the  metal  is  active  and  above 
which  it  is  passive.  The  metal  may  be  active  or  passive  on  both  sides  of  this  point 
depending  on  its  previous  treatment.  U.  Sborgi  and  6.  Cappon  found  that 
chromium  in  an  ethyl  alcohol  soln.  of  calcium  nitrate  and  amrponium  nitrate  is 
passive  with  low-current  densities,  and  with  high-current  densities  chromium  salts 
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are  formed.  E.  Becker  and  H.  Hilberg  found  that  the  maximum  distance  for 
establishing  contact  with  a metal  surface  is  slightly  greater  for  passive  than  for 
active  chromium. 

According  to  W.  Hittorf,  and  A.  Meyer,  and  as  indicated  above,  passive 
chromium  is  activated  by  soln.  of  hydrofluoric  acid  and  of  a number  of  other  acids 
— e.g.  hydrochloric,  hydrobromic,  hydriodic,  sulphuric,  and  oxalic  acids — by  thi 
halogens,  and  by  raising  the  temp.  The  more  dil.  the  acid,  the  higher  the  temp, 
necessary  for  activation  ; hydrogen  is  evolved,  and  chromous  salts  are  formed. 
Soln.  of  the  chlorides  of  the  alkaline  and  alkaline  earths  act  at  a higher  temp. ; 
soln  of  potassium  bromide,  cupric  chloride  or  palladium  dichloride  do  not  act  at 
100°.  The  molten  fluorides,  chlorides,  bromides,  and  iodides  are  good  activating 
agents,  and  A.  L.  Bernoulli  observed  that  chromium  is  activated  when  heated 
with  benzene,  toluene,  naphthalene,  and  anthracene ; and,  according  to 
N.  Isgarischeff  and  A.  Obrutscheva,  when  the  surface  is  mechanically  purified. 
The  metal  is  activated  by  using  it  as  cathode  with  indifferent  acids  like  formic, 
citric,  or  phosphoric,  i.e.  by  electrolytic  reduction.  The  current  required  is  greater 
the  more  dil.  the  soln.,  and  the  lower  the  temp.  According  to  G.  C.  Schmidt, 
passive  chromium  becomes  active  by  disturbing  the  surface,  by  scratching,  knocking, 
and  so  on,  but  in  nitric  acid  it  remains  permanently  passive.  Activated  chromium 
placed  in  dil.  hydrochloric  or  sulphuric  acid  remains  permanently  active.  On 
removal  from  the  acid,  however,  it  becomes  passive  again  after  a short  time,  even 
although  oxygen  is  rigorously  kept  away.  Chromium  heated  in  a vacuum  or  in 
nitrogen  is  active.  In  hydrochloric  acid  at  100°  it  is  also  active,  and  at  this  temp, 
chlorine,  bromine,  and  iodine  attack  chromium  and  activate  it,  solely  because  the 
surface  is  disturbed.  H.  Eggert  observed  that  chromium  remains  active  in  dry 
hydrogen,  or  nitrogen,  but  becomes  passive  if  oxygen  be  present  or  if  it  be  exposed 
to  air.  W.  Rathert  found  that  passive  chromium  becomes  active  when  it  has 
absorbed  hydrogen  ions  by  diffusion,  and  it  then  dissolves  electrolytically  in  accord 
with  Faraday’s  law.  U.  Sborgi  and  A.  Borgia  observed  that  a magnetic  field  had 
no  influence. 

Active  chromium  is  indifferent  towards  water,  but  in  strong  acids  it  dissolves 
forming  chromous  salts,  and  in  weak  acids  it  dissolves  when  it  is  the  cathode  in 
an  electrolytic  cell,  producing  chromous  salts : Cr+2HCl=CrCl2+H2.  The 
dissolution  of  a chromium  anode  to  form  bivalent  chromium  ions  is  then  in  accord 
with  Faraday’s  law  so  that  1 Ag=|Cr.  The  highest  numerical  value  for  the 
electrode  potential  observed  by  W.  Muthmann  and  F.  Fraunberger  is  —0-63  volt 
with  AT-KC1 ; B.  Neumann  observed  —0-535  volt  with  chromic  sulphate  ; —0-518 
volt  with  chromic  chloride ; and  —0-516  volt  with  chromic  acetate  ; and  W.  Rathert 
obtained  with  2V-Cr2(S04)3,  — 0-395  volt,  and  with  0-1A-H2S04,  — 0-491  volt. 
The  potential  of  the  active  metal  towards  normal  soln.  of  Cr"-ions  is  —0-6  volt. 
N.  Bouman  gave  —0-546  volt  for  chromium  in  iV-H2S04.  This  potential  is  indepen- 
dent of  the  metal  on  which  the  chromium  is  deposited,  and  also  of  the  method  of 
activation.  It  is  also  independent  of  the  ratio  of  Cr"-  to  Cr"‘-ions  in  soln.  It  is 
curious  that,  with  increasing  hydrogen-ion  concentration,  the  potential  becomes 
more  positive  in  sulphuric  acid,  but  more  negative  in  hydrochloric  acid  soln. 
Chromium  remains  active  only  when  the  acidity  is  above  a certain  limit,  about 
0-001  A.  A.  H.  W.  Aten  gave  — 0-75  volt,  or,  when  referred  to  the  hydrogen 
electrode,  — 0-47  volt.  This  active  potential  is  attained  only  when  sufficient 
hydrogen  is  present ; hydrogen  hastens  the  attainment  of  the  electrode  equilibrium. 
Active  chromium  can  be  anodically  polarized  in  a soln.  of  potassium  chloride  without 
becoming  passive.  If  the  metal  immersed  in  a soln.  of  chromous  sulphate  is 
anodically  polarized  with  a sufficiently  strong  current,  the  chromium  becomes 
passive,  but  when  the  current  is  interrupted,  the  potential  of  the  metal  is  found  to 
be  more  negative  than  before  polarization.  The  passivation  during  anodic  polari- 
zation and  activation  after  this  treatment  are  shown  by  chromium  which  has  been 
deposited  on  copper,  silver,  or  gold.  The  degree  of  activation  after  anodic  polariza- 
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tion  increases  with  the  strength  of  the  polarizing  current.  The  resistance  offered 
by  the  metal  to  the  action  of  the  polarizing  current  is  greater  when  the  strength 
of  the  current  is  gradually  increased  than  when  the  current  strength  is  increased 
rapidly.  The  resisting  power  of  the  metal  is  smaller  when  the  chromium  has  been 
previously  subjected  to  cathodic  polarization.  Active  chromium  reduces  fused 
cadmium  chloride,  bromide,  or  iodide,  and  the  chlorides  of  copper,  silver,  and 
lead  ; as  well  as  hot  soln.  of  copper,  gold,  palladium,  and  platinum,  and  it  thereby 
becomes  passive.  Passive  chromium,  as  indicated  above,  differs  from  active 
chromium  in  that  it  is  covered  with  a surface  film  of  some  kind,  and  it  then 
behaves  like  a noble  metal,  for  it  does  not  dissolve  in  nitric,  chloric,  or  perchloric 
acid ; it  is  indifferent  towards  neutral  soln.  of  the  salts  of  copper,  silver,  cad- 
mium, mercury,  and  nickel — vide  supra  ; and  it  does  not  reduce  soln.  of  the 
chlorides  of  gold,  palladium,  or  platinum.  It  then  appears  to  be  a nobler  metal 
than  copper,  silver,  or  mercury.  The  presence  or  absence  of  a film  was  dis- 
cussed by  W.  J.  Muller,  and  J.  Hinnuber.  W.  Muthmann  and  F.  Fraunberger 
observed  that  the  electrode  potential  in  iV-KCl  may  be  as  great  as  -|-1- 19  volt. 
N.  Bouman  found  that  in  the  passive  state,  the  potential  of  chromium  in  potas- 
sium chloride  soln.  depends  on  the  previous  treatment  which  it  has  received, 
and  this  is  shown  to  be  equally  true  of  other  metals,  including  platinum.  Con- 
sequently, no  conclusions  can  be  drawn  from  such  measurements  relative  to  the 
state  of  the  metal.  The  potential  of  passive  chromium  varies  with  the  metal 
on  which  it  is  deposited.  When  chromium  is  polarized  anodically,  the  potential 
varies  in  the  same  way  with  the  acidity  as  the  potential  of  the  unattackable 
electrode.  The  polarization  tension  is  therefore  governed  by  the  reaction  Cr'" 
-f  3H20=Cr03+6H'+3(+).  When  passive  chromium  dissolves  at  the  anode  it 
forms  chromic  acid,  and  the  dissolution  is  in  accord  with  Faraday’s  law  provided 
lAg=£Cr.  Otherwise  expressed,  passive  chromium  dissolves  as  sexivalent 
chromium  ions.  R.  Luther  said  that  the  anode  potential  is  +0-6  volt  and  energy 
is  required  for  the  reaction  symbolized  : Cr+4H20-P>-H2Cr04+3H20,  or  Cr+4H20 
-f  6(+)->Cr04"+8H’.  The  active  and  passive  states  are  mutually  convertible  one 
into  the  other  by  a suitable  change  in  the  conditions.  Thus,  W.  Rathert  found 
that  with  active  chromium  dipping  in  A-Cr2(S04)3,  the  electrode  potential  at  the 
beginning  was  —0-395  volt,  and  in  2,  23,  and  73  min.  was  respectively  —0-359, 
—0-209,  and  —0-129  volt ; and  E.  Grave  found  that  passive  chromium  in  OliV-KOH 
had  an  electrode  potential  of  +1-895  volt  at  the  beginning,  after  20  sec.  +1-176 
volt,  and  after  1,  5,  and  12  min.  respectively  +1-084,  +0-981,  and  +0-925  volt. 
A.  L.  Bernoulli  found  that  passive  chromium  is  activated  by  aromatic  hydrocarbons 
— benzene,  toluene,  p-xylene,  naphthalene,  and  anthracene— and  the  changes  in 
the  e.m.f.  are  greater  the  more  readily  the  hydrocarbon  is  oxidized.  Active 
chromium  becomes  passive  when  treated  with  a boiling  soln.  of  p-benzoquinone  in 
benzene  ; and  also  by  exposure  to  air.  According  to  A.  H.  W.  Aten,  if  chromium 
has  been  rendered  passive  by  anodic  polarization,  in  a soln.  of  potassium  chloride, 
the  active  condition  may  be  restored  by  heating  the  soln.  This  change  occurs 
even  when  the  polarizing  current  is  continued  during  the  heating  of  the  soln.  and 
on  cooling,  the  chromium  remains  in  the  active  condition,  provided  the  current 
is  not  too  strong.  U.  Sborgi  and  G.  Cappon  found  that  in  an  alcoholic  soln.  of 
calcium  or  ammonium  nitrate,  chromium  shows  passivity  phenomena  similar  to 
those  which  occur  in  aq.  soln. 

W.  Hittorf  concluded  that  the  passivity  of  chromium  is  not  due  to  the  for- 
mation of  an  oxide  film,  but  rather  to  the  metal  assuming  a different  electrical 
state ; the  metal  in  the  passive  state  is  in  a strained  or  coerced  condition — - 
Zwangzustand — so  that  instead  of  dissolving  as  a bivalent  element  it  dissolves  as  a 
sexivalent  element.  The  film  hypothesis,  discussed  in  connection  with  the  passivity 
of  iron,  best  fits  the  facts.  C.  W.  Bennett  and  W.  S.  Burnham  stated  that  the  film 
is  best  regarded  as  a film  of  oxide  which  is  rendered  stable  by  adsorption  into  the 
metal.  The  oxide  is  usually  unstable,  but  becomes  stable  when  adsorbed  by  the 
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metal.  The  oxide  is  not  higher  than  Cr03,  and  is  probably  Cr(Cr04),  or  Cr02, 
but  in  the  further  oxidation  at  the  anode,  the  higher  oxide  Cr03  is  formed,  and  the 
chromium  passes  into  soln.  in  the  sexivalent  state.  A.  L.  Bernoulli  gave  Cr509, 
or  2Cr203.Cr03,  for  the  composition  of  the  film.  The  subject  has  been  discussed 
by  A.  Adler,  F.  Flade,  C.  Fredenhagen,  E.  Grave,  W.  J.  Muller  and  co-workers, 
W.  Rathert,  0.  Sackur,  H.  Kuessner,  E.  Newbery,  G.  C.  Schmidt,  etc. — vide 
iron.  N.  Bouman  favoured  the  allotropic  theory.  According  to  N.  Isgarischeff 
and  A.  Obrutscheva,  chromium  shows  no  definite  transition  point  at  which  it 
passes  into  the  active  state  ; the  metal  can  become  active  at  any  temp.  ; the 
activation  depends  on  the  properties  of  the  medium.  This  and  the  mode  of 
formation  of  passive  chromium  show  that  the  passivity  of  chromium  is  con- 
nected with  the  formation  of  a protecting  oxide  film  on  the  surface.  The  pro- 
tecting film  is  a transparent,  colloidal  substance,  the  density  and  permanence, 
and  consequently  the  passivating  action,  of  which  depend  on  the  nature  of  the 
medium,  particularly  on  the  presence  of  those  ions,  such  as  chloride-  and  bromide- 
ions,  which  bring  about  colloidal  transitions.  Chloride-ions  have  the  greatest 
disturbing  effect  on  the  film,  and  make  it  permeable  to  most  reagents.  Particles 
of  passive  chromium  become  active  when  brought  into  contact  with  active  chromium 
zinc,  or  magnesium.  Since  these  metals  are  all  more  electro-negative  than  passive 
chromium,  this  action  is  due  to  the  formation  of  a galvanic  element  which  liberates 

hydrogen  and  consequently  reduces  the  oxide  film. 
The  oxide  film  is  also  the  cause  of  the  anomalies 
of  chromium.  E.  Liebreich  and  W.  Wiederholt 
plotted  the  current  density  against  the  potential 
of  electrolytic  chromium  in  1-02N-K2S04.  At 
high  current  densities,  the  chromium  dissolves  as 
chromate,  at  lower  current  densities  and  poten- 
tials, Fig.  4,  the  metal  acquires  a film  of  the 
chromic  chromate  and  dissolves  only  slightly  at 
a potential  of  about  0-5  volt,  and  a small  current 
density,  the  potential  gives  a slight  rise  with  falling 
current  density  and  true  passivity,  owing  to  the 
insolubility  of  a film  of  hydroxide,  sets  in.  The 
passivity  persists  when  the  metal  is  made  a 
cathode  at  small  current  densities.  The  curve  for 
a potential  of  0-4  volt  rises  steeply  as  the  metal 
dissolves  to  form  chromous  salts  which  are  partially  oxidized  near  the  electrode 
forming  secondary  hydrogen : 2CrS04-f  H2S04=Cr2(S04)3+H2.  • At  higher 
current  densities,  and  at  about  —0-5  volt,  the  metal  dissolves  forming  hydrogen 
directly.  G.  Grube  and  co-workers  found  that  with  an  active  chromium  electrode 
(prepared  by  cathodic  polarization)  with  O02-O2N-sulphuric  and  hydrochloric 
acid  soln.,  the  anode  potential  is  found  to  increase  suddenly  when  the  anode 
current  density  reaches  a certain  value.  This  critical  value  increases  with  the 
cone,  of  the  acid  and  with  increasing  temp.  During  the  first  stage,  the 
chromium  ions  pass  into  soln.  entirely  in  the  bivalent  condition,  and,  during  the 
second  stage,  entirely  in  the  sexivalent  condition.  At  the  ordinary  temp., 
xV-NaCl  behaves  similarly,  but  at  higher  temp,  the  current  density-potential 
curves  are  of  somewhat  different  form.  H.  Kuessner  suggested  that  it  is  possible 
for  chromium  ions  of  varying  valency  to  be  formed  simultaneously  in  soln. 
G.  Grube  and  co-workers  hold  that  chromium  goes  primarily  into  soln.  as 
bivalent  ions  at  lower  current  densities,  and  that  these  are  immediately  oxidized 
to  the  tervalent  condition,  whilst  at  higher  current  densities  sexivalent  ions  are 
formed.  The  anode  potential  in  N-,  4 N-,  8 N-,  and  16lV-potassium  hydroxide  soln. 
has  also  been  studied  at  different  temp.  ; for  low  current  densities,  the  curve  is 
discontinuous  as  in  acid  soln.,  and  a similar  explanation  is  adopted.  In  the  alkaline 
soln.,  the  anode  becomes  coated  with  a fine  grey  powder,  which  apparently  consists 


Fig.  4. — Current  Density-Poten- 
tial Curves  of  Chromium. 
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of  a lower  oxide  of  chromium.  The  facts  support  the  oxide  film  theory  of  passivity. 
F.  Kruger  and  E.  Nahring’  found  the  X-radiograms  of  active  and  passive  metal 
support  the  oxide-film  theory.  The  subject  was  discussed  by  U.  R.  Evans. 
A.  M.  Hasebrink’s  chemical  experiments  favour  the  oxide  film  theory,  but  not  the 
hydrogen  theory,  or  the  surface-tension  theory  of  W.  Hittorf,  and  6.  C.  Schmidt, 
t.  McCulloch  found  cases  of  passivity  with  sparingly-soluble  sulphate  films. 

A.  S.  Russell  supposed  that  when  in  the  active  state,  the  atoms  of  chromium 
have  two  electrons  in  the  fourth  quantum  orbit,  and  that  when  the  metal  becomes 
passive  one  of  these  electrons  is  removed  to  the  third  quantum  orbit.  The  subject 
was  studied  by  E.  Muller,  E.  Liebreich,  H.  Eggert,  and  N.  Isgarischeff  and  A.  Obrut- 
scheva.  W.  J.  Muller  and  E.  Noack  found  that  with  thermite  chromium  in  Ar-H2S04, 
so  long  as  the  current  density  falls  below  a certain  critical  value,  ic,  which  varied 
from  sample  to  sample  according  to  treatment,  the  metal  remained  active,  and 
dissolved  with  the  evolution  of  hydrogen.  On  exceeding  this  critical  value,  a fall 
of  density  immediately  set  in,  during  which  the  log  of  the  density  varied  inversely 
as  the  time  since  the  commencement  of  the  fall,  and  after  sufficient  time  complete 
passivity  resulted.  Log  ic  was  inversely  proportional  to  the  temp,  between  0° 
and  35°.  The  activity  of  the  chromium  was  characterized  by  a potential  of  —0-34 
volt,  and  passivity  by  zero  potential,  so  that  during  the  time  of  falling  density,  the 
metal  remained  active.  In  W.  J.  Muller’s  theory  of  the  passivity  of  iron,  the  metal 
dissolves  in  the  acid,  but  owing  to  the  high  mobility  of  the  hydrogen  ions,  the 
anodic  soln.  becomes  impoverished  in  these  ; hence  basic  ferrous  salt  is  formed 
and  deposits  on  the  electrode  when  the  soln.  becomes  saturated,  thus  increasing 
the  resistance  and  decreasing  the  current,  causing  complete  passivity  only  when 
the  covering  is  complete.  With  chromium,  the  chromous  salt  first  formed  by 
dissolution  of  the  metal  in  the  acid  rapidly  oxidizes  to  chromic  salt  (hydrogen 
being  evolved),  which  hydrolyzes  much  more  rapidly  than  the  iron  salts  ; with 
high  current  densities  ( e.g . 1400  milliamp.  per  sq.  cm.),  the  time  required  for  passivity 
is  only  0-3  sec.  With  perfectly  clean  metal  the  fall  of  current  density  is  often 
suspended  for  a time  and  then  occurs  suddenly  ; this  is  explained  by  the  super- 
saturation of  the  soln.  with  regard  to  hydroxide,  which  would  be  possible  only  in 
the  absence  of  impurities. 

According  to  J.  L.  R.  Morgan  and  W.  A.  Duff,10  when  two  electrodes — one  of 
chromium  and  one  of  platinum — are  immersed  in  dil.  sulphuric  acid,  the  current 
passes  freely  when  platinum  is  made  the  anode,  but  if  chromium  is  made  the  anode 
no  current  passes  through  the  cell.  If  the  applied  e.m.f.  be  gradually  increased 
when  chromium  is  the  anode,  no  current  passes  until  about  75  volts  are  attained  ; 
if  the  increase  is  made  so  rapid  that  the  current  passes  from  chromium  to  platinum, 
or  if  the  cell  is  broken  down  by' the  application  of  more  than  75  volts,  it  is  an  asym- 
metrical resistance  when  platinum  is  the  anode,  whilst  if  chromium  is  the  anode  the 
current  passes  freely ; again,  if  too  high  an  e.m.f.  be  applied  to  the  platinum  anode, 
another  reversal  occurs,  and  about  75  volts  can  again  be  stopped  using  chromium 
as  anode.  The  chromium  cell  can  also  be  used  for  the  rectification  of  alternating 
currents.  The  phenomenon  is  attributed  to  the  formation  of  a resistant  film  as  in 
the  case  of  the  aluminium  cell.  W.  Giinther-Schulze  studied  the  attraction  of 
electrons  for  the  Cr04-ions.  H.  Nagaoka  and  T.  Futagama  studied  the  spluttering 
of  chromium  by  the  disruptive  discharge  in  a magnetic  field. 

W.  Ostwald  found  that  when  active  chromium  acts  on  acids,  there  is  a periodicity 
in  the  rate  of  evolution  of  hydrogen.  A piece  of  passive  chromium  rendered  active 
by  contact  with  cadmium  under  acid,  was  dissolved  in  22V-HC1.  The  curve  showing 
the  rate  ot  action  is  irregular  for  about  15  minutes,  when  it  becomes  periodic,  the 
velocitv  rapidly  increasing  to  a maximum  and  then  falling  more  slowly  to  a 
minimum.  The  duration  of  each  period  increases  during  the  progress  of  the  reaction. 
Different  forms  of  curve  were  obtained  from  different  pieces  of  chromium  ; and 
two  pieces  placed  in  the  same  acid  were  found  to  give  a double  summation  curve 
showing  that  the  periodicity  lies  in  the  metal  and  not  in  the  acid.  An  increase  in 
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the  concentration  of  the  acid  causes  an  increase  in  the  frequency  of  the  periodic 
phenomena  ; the  frequency  is  doubled  by  a rise  of  about  10°  ; the  frequency  is 
increased  by  the  addition  of  oxidizing  agents — e.g.  nitric  acid,  nitrogen  oxide,  and 

chloric  and  bromic  acids — and  it  is  de- 
creased by  small  amounts  of  formalde- 
hyde or  potassium  cyanide.  Dextrin 
and  other  carbohydrates  help  to  bring 
about  regular  periodicity.  No  periodic 
phenomena  were  observed  with  the  dis- 
solution of  iron,  zinc,  or  manganese.  The 
metal  contained  silicon,  iron,  sulphur, 
and  carbon  ; but  which  of  these  is  the 
active , agent  was  not  determined — puri- 
fied chromium  did  not  exhibit  the  phe- 
nomenon. 


Nugatory  attempts  to  render  tho  metal 
active  by  the  addition  of  cupric  chloride, 
sodium  sulphite,  alcohol,  ferrous  chloride, 
ferric  chloride,  colloidal  platinum,  chromic 
acid,  potassium  nitrite  ; prolonged  contact 
with  metallic  platinum  ; variation  of  temp,  between  0°  and  50°  ; previous  treatment  of 
the  metal  with  chromic  acid  or  potassium  permanganate  ; fusion  with  potassium  nitrate  ; 
heating  on  charcoal  with  sodium  phosphate  to  give  the  metal  a phosphorus  content ; 
melting  in  the  electric  oven  in  an  atm.  of  coal-gas  ; using  the  metal  as  anode  have  all 
been  made. 


Fig.  5. — Periodic  Evolution  of  Gas  in  the 
Dissolution  of  Chromium  in  Acids. 


E.  Brauer  observed  that  the  active  chromium  dissolving  not  only  exhibits 
changes  in  its  rate  of  evolution  of  hydrogen,  but  it  also  shows  changes  in  its  electric 
potential  for  the  current  produced  by  a cell  of  active  chromium  and  platinum 
immersed  in  acid  also  varies  periodically.  The  two  sets  of  curves  were  analogous, 
but  in  some  cases  there  is  a variation  in  the  electric  properties  when  the  evolution 
of  hydrogen  is  apparently  constant.  The  frequency  increases  with  increasing  cone, 
of  acid,  and  is  no  longer  apparent  when  the  cone,  of  the  acid  is  great  enough.  In 
one  case,  no  periodicity  was  observed  at  6°,  periodicity  was  marked  at  20°,  and 
very  pronounced  at  31°.  A piece  of  inactive  chromium  became  active  when 
rubbed  with  a piece  of  cadmium  ; and  a slight  activity  was  induced  by  the  addition 
of  arsenic  or  arsenic  sulphides  to  the  acid.  E.  Brauer  attributes  the  periodicity 
to  variations  in  the  e.m.f.  associated  with  the  different  oxidation  stages  of  chromium. 
E.  S.  Hedges  and  J.  E.  Myers  found  that  the  addition  of  litharge  would  make 
chromium  show  the  periodic  phenomenon  ; they  also  showed  that  the  periodic 
phenomenon  is  not  due  to  the  supersaturation  of  soln.  or  metal  with  gas  ; but  is 
rather  connected  with  the  chemical  change  itself.  The  periodicity  was  shown  to 
depend  on  the  presence  of  a suitable  catalytic  agent  and  to  be  independent 
of  the  dissolving  metal.  The  phenomenon  was  studied  by  B.  Strauss  and 
J.  Hinniiber.  W.  Ogawa  studied  the  action  of  chromium  salts  on  galena  as  a 
radio-detector. 

According  to  M.  Faraday,11  chromium  is  non-magnetic  ; this  was  not  the  con- 
clusion of  W.  F.  Barrett,  but  F.  Wohler,  E.  Glatzel,  and  H.  Moissan  found  that  the 
purified  metal  is  non-magnetic.  S.  Curie  studied  the  magnetization  of  iron  with  2-5 
to  3-4  per  cent,  of  chromium ; and  K.  Honda,  of  chromium  with  20  per  cent,  of  iron. 
M.  Owen  gave  for  the  magnetic  susceptibility  of  chromium  3-16  Xl0_0  mass 
units  ; K.  Ihde,  26xl0~®  vol.  unit ; and  K.  Honda,  3-7x10“°  mass  unit  at  18°, 
and  4-2  xlO-8  mass  units  at  1100°.  J.  Weiss  and  H.  K.  Onnes  found  that  at 
— 25-9°,  the  magnetic  properties  of  chromium  are  very  feeble.  E.  Wiedemann 
found  that  the  atomic  magnetism  of  chromium  in  various  salt  soln.  approximates 
42  when  that  of  iron  in  ferric  chloride  is  100.  This  result  is  independent  of  the 
nature  of  the  anion  associated  with  the  chromium.  W.  Lepke  found  that  with  a 
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field  strength  of  H kgrms.,  the  magnetic  susceptibilities  XlO  8 mass  unit  of 
massive  and  powdered  chromium,  are  : 
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P.  Weiss  and  P.  Collet  calculated  63-3 XlO-6  for  the  atomic  permeability. 
J.  Safranek  found  the  magnetic  susceptibility  of  chromium  to  be  independent  of 
the  magnetic  field  between  2000  and  14,000  gauss  and  of 
the  temp,  between  100°  and  600°  and  to  have  a value  of 
4-31 X 10-6.  The  reciprocal  of  the  susceptibility  of  the 
alloys  plotted  against  temp,  gives  a straight  line  becoming 
concave  towards  the  temp,  axis  at  higher  temp.  The- 
various  magnetic  constants  are  linear  functions  of  the  com- 
position. P.  S.  Epstein  found  that  the  magnetic  suscep- 
tibility of  bivalent  chromium  is  7-9  X 10-4  per  unit  mass  ; 
and  of  tervalent  chromium,  5-0 XlO-4.  Observations  on 
the  magnetic  properties  of  chromium  were  also  made  by 
E.  Wedekind,  D.  M.  Bose,  A.  Dauvillier,  R.  H.  Weber,  and 
E.  Feytis.  P.  Kapitza’s  observations  on  the  effect  of  strong 
magnetic  fields  on  the  conductivity  are  summarized  in  Fig.  6.  L.  Rosenfeld 
discussed  the  relation  between  the  magnetic  susceptibility  and  the  refractive 
index ; and  E.  C.  Stoner,  the  magnetic  moment.  P.  Weiss,  and  L.  A.  Welo 
studied  the  magnetism  of  chromium  salts. 


wo  too  300 
Field-  kilogauss 

Fiq.  6. — The  Effect  of 
Magnetic  Fields  on 
the  Electrical  Con- 
ductivity. 
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§ 5.  The  Chemical  Properties  of  Chromium 

H.  Moissan  1 studied  the  chemical  affinity  of  chromium  and  the  iron  family  of 
elements.  F.  Fischer  and  F.  Schrotter  observed  no  reaction  when  chromium  is 
sparked  beneath  liquid  argon.  H.  -R.  Carveth  and  B.  E.  Curry  found  that  electro- 
deposited  chromium  can  occlude  about  250  times  its  vol.  of  hydrogen  ; in  one  experi- 
ment 24-6  c.c.  of  the  gas  were  obtained  from  0-698  c.c.  of  metal.  E.  Martin  measured 
the  occlusion  of  hydrogen  by  chromium.  According  to  G.  F.  Hiittig  and  F.  W.  Brod- 
korb,  electrolytic  chromium  deposited  at  —50°  may  contain  0-45  per  cent,  of  hydro- 
gen, in  supersaturated  solid  soln.  >At  the  ordinary  temp.,  the  hydrogen  press,  of  this 
chromium  is  less  than  1-0  mm.,  but  at  58°  a sudden  evolution  of  hydrogen  takes  place, 
although  a temp,  of  350°  is  required  in  order  to  remove  the  whole  of  the  gas.  No  re- 
producible relations  between  temp.,  press.,  and  hydrogen  cone,  could  be  established. 
T Weichself elder  and  B.  Thiede  obtained  chromium  trihydride,  CrH3,  as  a black 
precipitate,  by  the  action  of  hydrogen  on  an  ethereal  soln.  of  phenylmagnesium  bro- 
mide, C6H5MgBr,  in  which  the  dry  metal  chloride  is  suspended.  The  sp.  gr.  is  6-77. 
W.  Biltz  discussed  the  mol.  vol.  According  to  H.  Gruber,  a sheet  of  electrolytically- 
deposited  chromium  will  slowly  evolve  occluded  hydrogen  if  placed  in  boiling 
water,  and  if  held  in  a Bunsen  flame  it  will  appear  to  take  fire  and  burn  on  the 
surface  with  a pale  blue  non-luminous  flame,  although  the  metal  remains  sufficiently 
cool  to  avoid  being  oxidized.  A.  Sie verts  and  A.  Gotta  studied  this  subject.  The 
heat  of  formation  of  chromium  hydride  is  3800  cals,  per  mol.  of  hydrogen  ; and  the 
sp.  gr.  is  6-7663  to  6-7708. 

A.  L.  Bernoulli  said  that  chromium  absorbs  oxygen  from  air  and  so  acquires 
the  surface  film  of  oxide.  The  behaviour  of  chromium  in  air  depends  on  its 
state  of  subdivision  ; there  is  pyrophoric  chromium ; the  specimen  obtained  by 
L.  N.  Vauquelin  slowly  oxidized  when  heated  in  air  ; that  obtained  by  A.  Binet 
du  Jassonneix  glowed  like  tinder  in  oxygen  at  300°  ; that  obtained  by  F.  Wohler 
when  heated  in  air  became  yellow,  then  blue,  and  finally  acquired  a crust  of  green 
chromic  oxide  ; and  that  obtained  by  H.  Moissan  was  unaltered  by  exposure  to 
dry  air,  but  in  moist  air  the  well-polished  surface  acquired  a slight  tarnish,  owing 
to  the  formation  of  a superficial  film  which  does  not  penetrate  deeper  into  the 
metal.  This  subject  was  discussed  by  N.  B.  Pilling  and  R.  E.  Bed  worth. 
H.  P.  Walmsley  examined  the  nature  of  the  sesquioxide  obtained  as  smoke  from 
the  chromium  arc.  Unlike  molybdenum,  chromium  was  found  by  C.  Matignon 
and  G.  Desplantes  not  to  be  oxidized  when  the  finely-divided  metal  is  shaken  up 
with  aq.  ammonia  in  air.  When  heated  by  the  tip  of  the  oxyhydrogen  blow- 
pipe flame,  chromium  burns  yielding  brilliant  sparks  ; and  when  heated  to  2000° 
in  oxygen,  it  burns  with  the  production  of  numerous  sparks,  more  brilliant  than 
those  of  iron.  N.  B.  Pilling  and  R.  E.  Bedworth  studied  the  rate  of  oxidation 
of  chromium.  F.  Wohler  observed  that  chromium  gives  sparks  and  burns  to 
chromic  oxide  when  heated  by  the  flame  of  a spirit-lamp  fed  with  oxygen. 
H.  W.  Underwood  described  the  use  of  chromium  as  an  oxidation  catalyst. 
H.  V.  Regnault,  and  F.  Wohler  found  that  it  decomposes  when  heated  to  bright 
redness  in  the  vapour  of  water,  forming  hydrogen,  and  chromic  oxide  ; and 
J.  J.  Berzeiius  found  that  the  metal  is  not  oxidized  by  boiling  water.  The  action 
of  hydrogen  dioxide  was  found  by  L.  J.  Thenard  to  be  at  first  feeble  but  later 
more  vigorous.  Part  of  the  oxygen  is  given  off  free,  and  part  combines  with  the 
metal.  W.  Guertler  and  T.  Liepus  observed  no  reaction  by  48  hrs.’  exposure  to 
sea-water,  aerated  sea-water,  or  aerated  rain-water.  W.  G.  Mixter  observed  that 
no  perchromate  is  formed  by  the  action  of  sodium  dioxide  on  chromium. 
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According  to  F.  Wohler,  chromium  glows  when  heated  in  chlorine,  forming  violet 
chromic  chloride  ; and  H.  Moissan  said  that  the  reaction  occurs  at  600°.  The 
red-hot  metal  is  also  attacked  by  bromine  vapour — 'vide  infra,  chromic  bromide  ; 
and  with  iodine  vapour.  W.  Hittorf  observed  that  chlorine  and  bromine  make 
chromium  passive,  while  R.  Hanslian  found  that  the  presence  of  chromium  does  not 
affect  the  f.p.  or  b.p.  of  iodine.  G.  Tammann  studied  the  action  of  iodine  vapour  on 
chromium.  W.  Guertlerand  T.  Liepus  observed  no  reaction  with  48  hrs.’  exposure 
to  sat.  chlorine- water.  C.  Poulenc  found  that  hydrogen  fluoride  converts  the  red- 
hot  metal  into  chromous  fluoride ; and  C.  E.  Ufer  observed  that  with  hydrogen 
Chloride,  chromous  chloride  is  formed.  J.  J.  Berzelius  found  that  the  metal  dissolves 
in  hydrofluoric  acid,  particularly  when  warm,  and  hydrogen  is  given  off.  F.  Wohler, 

E.  Jager  and  G.  Kriiss,  J.  J.  Berzelius,  H.  St.  C.  Deville,  etc.,  noted  that  the  metal 
dissolves  in  hydrochloric  acid  with  the  evolution  of  hydrogen  and  the  formation  of 
chromous  chloride.  W.  Guertler  and  T.  Liepus  observed  no  reaction  in  less  than  8 hrs. 
with  10  and  36  per  cent,  hydrochloric  acid—  vide  supra,  the  passive  state.  H.  Moissan 
said  that  hydrochloric  acid  attacks  the  metal  slowly  in  the  cold,  and  rapidly  when 
heated,  while  the  dil.  acid  has  no  action  at  ordinary  temp.,  but  on  boiling,  the 
attack  is  vigorous.  W.  Rohn  found  that  10  per  cent,  hydrochloric  acid  dissolves 
77-4  grms.  per  sq.  dm.  per  hr.  during  24  hrs.  in  the  cold  and  150  grms.  per  sq.  dm. 
per  hr.  when  hot ; and  D.  F.  McFarland  and  O.  E.  Harder,  that  the  normal  acid 
dissolves  16,976-4  mgrms.  per  week  per  sq.  in.  W.  Hittorf  observed  that  chromium 
dissolves  in  hydrofluoric  and  hydrochloric  acids  as  well  as  in  hydrobromic  acid  and 
hydriodic  acid,  forming  chromous  salts  and  hydrogen.  T.  Doring  said  that  the  less 
pure  the  chromium  prepared  by  the  alumino-thermite  process,  the  more  quickly  is  it 
dissolved  by  the  halide  acid.  The  chromous  chloride  formed  by  the  soln.  of  chromium 
in  hydrochloric  acid  is  converted,  by  a secondary  reaction,  into  chromic  chloride, 
the  change  being  complete  if  the-  reaction  is  carried  out  at  the  ordinary  temp., 
but  less  than  complete  if  at  100°.  This  change  is  ascribed  to  a catalytic  action  of 
silica.  If  air  is  excluded,  chromous  chloride  is  stable  in  neutral  soln.,  but  in  hydro- 
chloric acid  soln.  it  has  a tendency  to  form  chromic  chloride  ; the  reaction,  which 
is  accompanied  by  evolution  of  hydrogen,  is  extremely  slow,  but  is  markedly 
accelerated  by  addition  of  platinum  black,  finely-divided  gold,  or  silica.  The  for- 
mation of  chromic  chloride  from  chromous  chloride  in  acid  soln.  takes  place  accord- 
ing to  the  equation  : 2CrCl2+2HC1^2CrCl3-f- H2,  and  is  a reversible  reaction. 
W.  Hittorf  found  that  chromium  becomes  passive  in  chloric  acid,  and  in  perchloric 
acid. 

H.  Moissan  observed  that  chromium  filings  become  incandescent  if  heated  to 
700°  in  sulphur  vapour,  and  chromium  sulphide  is  formed  ; and  when  heated  to 
1200°  in  a current  of  hydrogen  sulphide,  crystals  of  chromium  sulphide  are  formed. 
W.  Guertler  and  T.  Liepus  observed  no  reaction  with  48  hrs.’  exposure  to  10  and 
50  per  cent.  soln.  of  sodium  sulphide  with  or  without  the  addition  of  alkali-lye. 
N.  Domanicky  found  that  chromium  is  not  readily  attacked  by  an  ethereal  soln. 
of  sulphur  monochloride  ; and  E.  H.  Harvey,  that  it  is  not  attacked  in  a year  at 
room  temp.  J.  Feree  said  that  pyrophoric  chromium  unites  with  sulphur  dioxide 
with  incandescence.  H.  V.  Regnault,  E.  M.  P41igot,  H.  Moissan,  W.  Hittorf, 

F.  Wohler,  and  E.  Jager  and  G.  Kriiss  noted  that  chromium  is  but  slowly  attacked 
by  dil.  sulphuric  acid  in  the  cold,  the  action  is  slow  even  when  hot,  hydrogen  is  given 
ofl,  and,  if  the  action  takes  place  out  of  contact  with  air,  blue  crystals  of  chromous 
sulphate  can  be  obtained  from  the  soln.  Boiling,  cone,  sulphuric  acid  with  chromium 
gives  off  sulphur  dioxide.  W.  Guertler  and  T.  Liepus  observed  no  action  in  48  hrs. 
with  10  per  cent.  H2S04  and  with  20  per  cent.  H2S04  sat.  with  sodium  sulphate. 
W.  Rohn  found  that  10 per  cent,  sulphuric  acid  dissolves  0-01  grm.  per  sq.  dm.  per 
24  hrs.  in  the  cold,  and  45  grms.  per  sq.  dm.  per  hr.  when  hot ; and  D.  F.  McFarland 
and  0.  E.  Harder,  that  the  normal  acid  dissolves  1-00  mgrm.  per  sq.  in.  per  week. 
J.  Voisin,  and  A.  Burger  studied  the  action  of  sulphuric  acid  on  the  metal. 

G.  Walpert  observed  that  the  rate  of  dissolution  and  the  electrode  potential  of 
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chromium  in  4Ar-H2S04 — unlike  the  case  with  iron  (q.v.) — is  raised  by  the  addition 
of  small  proportions  of  potassium  or  sodium  chloride,  bromide,  and  iodide,  and 
the  period  of  induction  is  shortened.  The  addition  of  larger  proportions  of  these 
salts  may  act  in  the  reverse  way.  Gelatin  reduces  the  rate  of  dissolution  of 
chromium  in  the  acid  ; additions  of  acetic  acid  act  similarly.  E.  Beutel  and 
A.  Kutzelnigg  studied  the  films  produced  by  a boiling  soln.  of  sodium  thiosulphate 
and  lead  acetate.  M.  G.  Levi  and  co-workers  found  that  a soln.  of  potassium 
persulphate  rapidly  dissolves  chromium  as  chromic  acid,  and  a little  gas  is  evolved  ; 
the  process  of  dissolution  is  slow  with  a soln.  of  ammonium  persulphate. 

A.  Binet  du  Jassonneix,  I.  Zschukoff,  and  J.  Feree  found  when  pyrophoric 
chromium  unites  with  nitrogen,  a*  bronze-coloured  nitride  is  formed.  F.  Adcock 
found  that  molten  chromium  rapidly  absorbs  nitrogen  up  to  the  extent  of  3-9  per 
cent.,  and  G.  Valensi,  and  R.  Blix  also  obtained  evidence  of  the  formation  of  a 
nitride  when  nitrogen  is  absorbed  by  chromium  at  an  elevated  temp.  E.  Martin 
studied  the  occlusion  of  nitrogen  and  the  formation  of  nitrides  by  chromium  ; 
G.  Tammann  suggested  complexes  are  formed  under  these  conditions  rather  than 
ordinary  compounds — e.g.  Cr4(N2),  and  Cr2(N2).  G.  G.  Henderson  and  J.  C.  Gallety 
observed  that  at  850°  ammonia  reacts  with  chromium  forming  the  nitride. 
W.  Guertler  and  T.  Liepus  observed  that  no  reaction  with  10,  50,  and  70  per  cent, 
ammonia  soln.  occurs  in  48  hrs.  ; and  D.  F.  McFarland  and  0.  E.  Harder,  that  a 
normal  soln.  dissolves  1-60  mgrms.  per  sq.  in.  per  week.  F.  W.  Bergstrom  found 
that  potassamide  in  liquid  ammonia  soln.  acts  very  slowly  or  not  at  all  on  chromium. 
J.  Feree,  and  F.  Emich  said  that  at  ordinary  temp,  pyrophoric  chromium  unites 
with  nitric  oxide  with  incandescence  forming  a mixture  of  chromium  oxide  and 
nitride.  E.  Muller  and  H.  Barck  observed  that  nitric  oxide  has  no  action  on 
chromium  at  600°.  A.  L.  Bernoulli  said  that  nitric  oxide  is  absorbed  by  chromium, 
and  when  the  metal  is  treated  with  nitric  acid,  and  thoroughly  washed,  it  liberates 
a measurable  amount  of  nitric  oxide  when  allowed  to  remain  in  water  for  several 
hrs. — active  chromium  does  not  yield  the  gas  under  similar  conditions.  W.  Rohn 
found  that  10  per  cent,  nitric  acid  dissolves  0-013  grm.  per  sq.  dm.  per  24  hrs.  in 
the  cold,  and  none  in  an  hour  when  hot ; W.  Guertler  and  T.  Liepus  observed  no 
action  in  48  hrs.  with  10  and  50  per  cent,  nitric  acid,  or  with  aqua  regia  ; and 
D.  F.  McFarland  and  O.  E.  Harder  found  that  normal  nitric  acid  dissolves 
0-35  mgrm.  per  sq.  in.  per  week.  W.  Hittorf  said  that  nitric  acid  makes  chromium 
passive.  F.  Wohler,  E.  Jager  and  G.  Kriiss,  H.  St.  C.  Deville,  and  C.  C.  Palit  and 
N.  R.  Dhar  said  that  dil.  or  cone,  nitric  acid  does  not  act  on  chromium.  H.  Moissan 
said  that  chromium  is  very  slowly  attacked  by  dil.  nitric  acid  ; and  that  fuming 
nitric  acid,  as  well  as  aqua  regia,  have  no  action  on  the  metal.  E.  Fremy,  and 

J.  J.  Berzelius  also  noted  the  resistance  the  metal  offers  to  attack  by  aqua  regia. 
A.  Granger  observed  that  chromium  is  attacked  by  phosphorus  at  900°.  W.  Hittorf 
found  that  phosphoric  acid  makes  chromium  passive.  W.  Rohn  found  that  10  per 
cent,  phosphoric  acid  dissolves  no  chromium  in  24  hrs.  when  cold,  or  in  an  hour 
when  hot.  He  also  found  that  10  per  cent,  acetic  acid  dissolves  0-13  grm.  per  sq. 
dm.  per  24  hrs.  in  the  cold,  and  0-03  grm.  per  sq.  dm.  per  hr.  when  hot. 

According  to  H.  Moissan,  chromium  reacts  .with  carbon  when  strongly  heated, 
forming  a carbide  ; the  chromium  also  undergoes  a process  of  concentration  as 
in  the  case  of  iron.  The  reaction  between  carbon  and  chromium  was  studied  by 

K.  Nischk,  R.  Kraiczek  and  F.  Sauerwald,  and  E.  Tiede  and  E.  Birnbrauer. 
G.  Charpy  said  that  carbon  monoxide  reacts  with  chromium  at  1000°,  forming 
a mixture  of  carbon  and  chromic  oxide.  H.  Moissan  also  found  that  at  1200° 
a mixture  of  carbon  monoxide  and  carbon  dioxide  attacks  chromium  super- 
ficially, and  the  metal  acquires  a crust  of  chromic  oxide  mixed  with  carbon. 
Hence,  the  impossibility  of  obtaining  chromium  free  from  carbon  in  an  ordinary 
metallurgical  furnace,  even  when  using  crucibles  oi  quicklime.  Chromium  is 
oxidized  when  heated  in  carbon  monoxide.  S.  Medsforth  studied  the  promoter 
action  of  chromium  on  nickel  as  catalyst  in  the  hydrogenation  of  carbon  monoxide  or 
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dioxide.  W.  Guertler  and  T.  Liepus  observed  no  action  after  4 weeks’  exposure 
to  water  sat.  with  carbon  dioxide.  W.  Hittorf  said  that  citric  acid  makes  chromium 
passive  ; and  a similar  result  was  obtained  with  formic,  acetic,  and  tartaric  acids. 
S.  Hakomori  studied  the  action  of  chromium  on  ammonia  in  the  presence  of 
tartaric  acid  and  glycerol.  J.  H.  Mathews  observed  that  a soln.  of  trichloractic 
acid  in  nitrobenzene  does  not  attack  chromium.  W.  Guertler  and  T.  Liepus 
observed  no  reaction  with  citric  and  tartaric  acids  during  24  hrs.’  exposure. 
D.  F.  McFarland  and  0.  E.  Harder  observed  that  fatty  acids  dissolved  1-23  mgrms. 
per  sq.  in.  per  week ; and  C.  B.  Gates,  that  chromium  is  not  attacked  by  oleic 
acid  at  room  temp.  J.  G.  Thompson  and  co-workers  studied  the  action  of  soln. 
of  Urea,  and  of  afnmonium  carbonate  on  the  metal.  H.  S.  Taylor  and 
G.  B.  Kistiakowsky  discussed  chromic  oxide  as  a methanol  catalyst ; and 
0.  Schmidt  as  a hydrogenation  catalyst.  H.  Moissan  round  that  when  heated  in 
an  electric  furnace  chromium  readily  unites  with  silicon,  forming  a silicide  ; and 
with  boron,  forming  a boride.  E.  Vigouroux  found  that  at  1200°  chromium 
reacts  with  silicon  tetrachloride,  forming  a silicide  ; and,  according  to  W.  Treitschke 
and  G.  Tammann,  it  attacks  porcelain  vigorously  at  1600°. 

A.  Burger  said  that  the  vapour  of  calcium  has  no  appreciable  action  on  chromium 
at  a red-heat.  W.  G.  Imhoff  found  that  chromium  resists  attack  by  molten  zinc 
more  readily  than  does  iron  or  steel.  W.  Treitschke  and  G.  Tammann  found  that 
the  action  on  magnesia  at  1700°  is  quite  small.  H.  Moissan  said  that  fused  potas- 
sium hydroxide  has  no  appreciable  action  on  chromium  at  dull  redness ; but 
J.  J.  Berzelius  said  that  at  a red-heat,  in  air,  the  chromium  is  attacked.  W.  Guertler 
and  T.  Liepus  observed  no  reaction  with  10  and  50  per  cent.  soln.  of  sodium 
hydroxide  during  8 hrs.’  exposure.  M.  Leblanc  and  0.  Weyl  found  that  potassium 
hydroxide  between  550°  and  660°  has  a slight  action  on  chromium,  forming  traces 
of  potassium  and  hydrogen.  D.  F.  McFarland  and  0.  E.  Harder  observed  that 
normal  sodium  hydroxide  dissolves  035  mgrm.  per  sq.  in.  per  week,  and  normal 
sodium  chloride,  2 00  mgrms.  per  sq.  in.  per  week.  U.  Sborgi  and  G.  Cappon  found 
that  in  a soln.  of  calcium  and  ammonium  nitrate  in  ethyl  alcohol,  chromium  is 
passive  with  low  current  pressures,  and  with  high  pressures,  chromous  ions  are 
formed.  J.  J.  Berzelius,  F.  Wohler,  and  H.  Moissan  observed  that  chromium  is 
energetically  attacked  by  fused  potassium  nitrate  at  a dull  red-heat ; and  that  the 
attack  by  fused  potassium  chlorate  is  even  more  vigorous — the  chromium  floats 
on  the  chlorate  producing  vivid  incandescence.  H.  Moissan  said  that  chromium 
is  slowly  attacked  by  mercuric  chloride  ; W.  Guertler  and  T.  Liepus  observed  a 
slight  action  with  a 1 : 500  soln.  at  90°  ; and  no  action  with  magnesium  chloride 
soln. 

Some  reactions  of  analytical  interest. — Chromic  salts  give  no  precipitate  with 

hydrochloric  acid  ; and  hydrogen  sulphide  gives  no  precipitate  in  acidic  soln., 
but  in  alkaline  soln.  ammonium  sulphide  precipitates  chromic  hydroxide  ; and  a 
similar  precipitate  is  obtained  with  ammonia.  According  to  F.  Jackson,2  the 
reaction  with  ammonia  is  sensitive  to  1 : 4000  ; and  with  ammonium  sulphide  to 
1 : 8000.  The  chromic  hydroxide  is  slightly  soluble  in  an  excess  of  ammonia  forming 
a violet  soln.  The  precipitation  should  be  made  from  a boiling  soln'.  using  as  little 
ammonia  as  possible.  Aq.  soln.  of  the  alkali  hydroxides  also  precipitate  chromic- 
hydroxide,  and  with  an  excess  of  the  alkali,  some  chromium  passes  into  soln.  : 
3KOH+ Cr(0H)3^3H20+Cr(0K)3,  an  excess  of  water  or  boiling  makes  the  reaction 
pass  from  right  to  left,  and  unlike  the  corresponding  case  with  aluminium,  nearly 
all  the  chromium  is  precipitated  as  hydroxide.  Alkali  carbonates  also  precipitate 
chromic  hydroxide  ; and  similarly  J.  N.  von  Fuchs  found  that  calcium  carbonate 
precipitates  a green  chromic  carbonate  ; and  H.  Demargay  obtained  a similar 
result  with  strontium,  barium,  and  magnesium  carbonates.  H.  Rose  said  that 
with  cold  soln.  barium  carbonate  slowly  precipitates  green  hydrated  chromic  oxide. 
A boiling  soln.  treated  with  sodium  thiosulphate  gives  a precipitate  of  chromic 
hydroxide.  With  alkali  phosphates,  a green  precipitate  of  chromic  phosphate 
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is  formed  ; this  is  soluble  in  mineral  acids  and  in  cold  acetic  acid  ; when  the  acetic 
acid  soln.  is  boiled,  chromic  phosphate  is  again  precipitated.  Alkali  acetates 
give  no  precipitate  with  cold  or  boiling  soln.,  but  if  aluminium  and  ferric  salts  are 
present  in  excess,  basic  acetate  is  precipitated ; if  the  chromic  salt  be  in  excess, 
the  precipitation  is  incomplete.  Peroxides — e.g.  hydrogen,  sodium  or  lead  dioxide— 
and  per-salts — e.g.  persulphates,  perborates,  and  percarbonates — convert  alkaline 
soln.  into  yellow  chromates ; similarly,  potassium  permanganate  in  hot,  alkaline 
soln.  converts  the  chromic  salt  into  a chromate.  When  chromic  oxide  or 
hydroxide  is  fused  with  alkalies  and  other  bases,  in  air,  chromate  is  formed.  • 

A yellow  soln.  of  the  chromate  becomes  orange  coloured  when  treated  with  dil. 
sulphuric  acid  ; and  with  cone,  sulphuric  acid,  red  needles  of  chromic  acid  may  be 
formed,  and  the  soln.  may  become  green  with  the  evolution  of  oxygen : 2Cr03 
+3H2S04=3H20-f  30+Cr2(S04)3.  In  neutral  soln.,"  silver  nitrate  gives  a 
brownish-red  precipitate  soluble  in  ammonia  and  mineral  acids  ; with  cone.  soln. 
of  potassium  dichromate,  silver  nitrate  may  precipitate  reddish-brown  silver 
dichromate  which  when  boiled  with  water  forms  a. soln.  of  chromic  acid,  and  normal 
silver  chromate.  With  lead  acetate,  lead-  chromate  is  precipitated  ; the  precipi- 
tation is  incomplete  with  lead  nitrate  unless  the  soln.  contains  acetates.  According 
to  P.  Harting,-  a precipitate  is  obtained  with  lead  salts  and  potassium  dichromate 
and  the  reaction  is  sensitive  to  1 : 111,982  ; T.  G.  Wormley  gave  1 : 107,700  ; and 
F.  Jackson,  to  1 : 32,000.  Neutral  chromates  give  yellow  barium  chromate  when 
treated  with  barium  chloride  ; the  precipitate  is  soluble  in  mineral  acids,  and  in- 
soluble in  acetic  acid.  If  dichromates  are  used  the  precipitation  is  incomplete  except 
in  the  presence  of  alkali  acetates.  According  to  F.  Jackson,  the  reaction  with  barium 
salt  and  potassium  dichromate  is  sensitive  to  1 : 256,000.  A cold  soln.  of  a chromate 
gives  brown  mercurous  chromate  when  treated  with  mercurous  nitrate  ; and  if  the 
solu.  is  boiled,  fiery-red,  normal  mercurous  chromate  is  formed.  Reducing  agents 
— e.g.  hydrogen  sulphide,  sulphur  dioxide,  etc. — convert  the  chromates  into  green 
chromic  salts.  According  to  P.  Cazeneuve,3  N.  M.  Stover,  and  A.  Moulin,  chromates 
give  a purple,  violet,  red  or  brown  coloration  with  diphenylcarbazide,  or  the 
acetate,  in  alcoholic  soln.  According  to  K.  Pander,  and  J.  Froidevaux,  guaiacum 
tincture  gives  an  evanescent,  blue  coloration  with  chromates.  J.  Meyerfeld 
obtained  a yellowish-red  coloration  with  an  aq.  soln.  of  pyrogallol  dimethyl 
ether  ; and  P.  N.  van  Eck  obtained  a blue  coloration  with  an  aq.  soln.  of 
a-naphthylamine  and  tartaric  acid ; D.  Lindo,  a brown  band  with  phenol,  and 
a rainbow  band  with  orcinol ; P.  Konig  obtained  a red  or  violet  coloration  with 
1 : 8 dihydroxynaphthalene-3  : 6-disulphonate — it  is  said  to  be  sensitive  to 
0-0000008  grm.  of  chromium  in  10  c.c.  L.  C.  A.  Barreswil  found-that  if  an  acidic 
soln.  of  a chromate  be  treated  with  hydrogen  dioxide  and  then  shaken  with  ether, 
the  upper  ethereal  layer  will  be  coloured  blue — vide  infra,  perchromates. 
S.  N.  Chakrabarty  and  S.  Dutt  studied  organic  syntheses  with  chromium 
powder. 

The  physiological  action  of  chromium  salts. — According  to  G.  C.  Gmelin,4 

chromic  chloride  is  less  active  than  normal  potassium  chromate  ; 1-9  grms.  of  the 
latter  killed  a rabbit  within  2 hrs.,  while  3 grms.  of  the  chloride  had  no  action.  Sub- 
cutaneous injections  of  0-2  to  0-4  grm.  of  potassium  chromate  were  found  by 
E.  Gergens,  and  C.  Posner  to  act  with  great  intensity  on  rabbits,  and  death  often 
occurred  within  a few  hours.  E.  V.  Pelikan  found  that  0-06  to  0-36  grm.  of  potassium 
dichromate  is  fatal  to  rabbits  and  dogs.  Workmen  exposed  to  the  dust  of  potassium 
dichromate  were  stated  by  B.  W.  Richardson  to  acquire  a bitter  disagreeable  taste 
in  the  mouth  with  an  increase  of  saliva  which  helps  to  get  rid  of  most  of  the  poison, 
and  little  ill-effects  are  observed.  Those  who  inspire  by  the  nose  suffer  from 
inflammation  of  the  septum,  which  gradually  gets  thin,  then  ulcerated,  and  finally 
the  whole  septum  is  destroyed.  The  dichromate  also  causes  painful  skin  eruptions, 
and  ulcerations  which  the  workmen  call  chrome  holes.  These  skin  diseases  start 
from  an  excoriation ; so  long  as  the  skin  remains  whole,  there  is  little  local  effect. 
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Horses,  also,  about  the  works  develop  ulcerations  if  the  salt  get  into  wounds  or  cracks 
in  the  legs  ; and  the  animals  may  lose  their  hoofs.  Cases  of  poisoning  by  chromates 
are  rare.  They  have  been  recorded  by  J.  Maschka,  E.  0.  MacNiven,  W.  A.  McLach- 
lan,  J.  J.  Bloomfield  and  W.  Blum,  A.  M’Crorie,  G.  Wilson,  J.  T.  Gadsby, 

A.  D.  Walker,  G.  Leopold,  0.  von  Linstow,  and  R.  C.  Smith.  The  symptoms  are 
severe  gastro-intestinal  inflammation,  accompanied  by  depression,  stupor,  and 
death.  The  subject  was  discussed  by  A.  Hebert,  H.  Becker,  L.  Lewin,  etc.  The 
objectionable  uses  of  chromates  for  preserving  milk,  etc.,  was  discussed  by 
G.  Deniges,5  and  J.  Froidevaux  ; the  antiseptic  action  of  chromates  by  A.  Muller, 

P.  Miquel,  C.  Chamberland  and  E.  Roux,  P.  J.  Laujorrois,  J.  F.  Clark,  C.  H.  Pander, 

A.  Strubell,  H.  Schulz,  H.  Coupin,  etc.  M.  E.  Pozzi-Escot  found  that  chromic 
salts  are  less  poisonous  than  potassium  chromate  and  dichromate,  chrome-alum 
or  chromic  acid  towards  the  lower  fungi — e.g.  saceharomycetes.  P.  Konig  found 
that  with  certain  minute  concentrations  plant  life  may  be  stimulated  by  chromium  > 
salts  and  chromates  ; the  toxic  action  is  greater  the  higher  the  degree  of  oxidation 
of  the  chromium.  A wheat  plant  was  killed  by  a 0-0064  per  cent.  soln.  of  sodium 
dichromate,  and  a 0-5  per  cent.  soln.  of  chrome-alum  was  needed  to  produce  a 
similar  result.  T.  Pfeiffer  and  co-workers  could  not  find  any  beneficial  stimu- 
lating effect  of  chromite,  or- of  potassium  dichromate  on  the  growth  of  oats  and 
barley. 

Some  uses  of  chromium. — One  of  the  most  important  applications  of  chromium 
is  in  the  production  of  various  alloys,6  principally  ferrochromium  alloys  for  the 
manufacture  of  special  steels  many  of  which  contain  about  2 per  cent,  of  chromium 
and  a small  proportion  of  other  metals— -wide  the  alloys  of  iron.  The  chrome-alloy 
steels  are  hard  and  tough.  They  are  used  in  making  armour-plate,  armour-piercing 
projectiles,  burglar-proof  safes ; tyres,  axles,  springs  for  railways  and  motor-cars, 
stamp-mill  shoes,  crusher  jaws,  the  so-called  rustless  cutlery,  stellite— an  alloy 
containing  chromium,  cobalt,  and  molybdenum  and  tungsten— for  high  speed 
tools  which  retain  their  cutting  edge  at  temp,  approaching  redness  ; nichrome — 
nickel,  chromium,  iron  (60  : 14  : 15),  a high  temp,  resistance  alloy ; chromium- 
vanadium  steel ; chromium  magnet  steel ; heat-resisting  and  acid-resisting  steels  ; 
etc.  Chromium  plating  as  a protective  coating  for  steel  is  much  employed  7 — vide 
supra,  the  electrodeposition  of  chromium.  Perhaps  the  largest  demand  for 
chromium  is  in  the  form  of  chromite  used  as  a refractory  in  certain  parts  of  open- 
hearth  and  other  furnaces.8  Chromium  compounds  are  used  in  tanning  certain 
leathers — chrome  leathers ; as  a-mordant  for  dyeing;  it  is  used  for  impregnating  wood, 
paper,  etc.,  with  chromic  hydroxide  ; and  in  the  preparation  of  filaments  for  incan- 
descent lamps.  Chromates  are  used  for  making  gelatine  insoluble — for  a mixture 
of  gelatine  and  potassium  dichromate  becomes  insoluble  when  exposed  to  light — in 
colour  printing,  block  printing,  heliography,  photolithography,  photozincography, 
etc.  Chromium  compounds  are  used  in  making  safety  matches  ; as  antiseptics  ; 
in  bleaching  oils  ; in  the  purification  of  wood  vinegar  ; as  a component  of  certain 
galvanic  cells  ; an  oxidation  agent  in  the  preparation  of  some  aniline  dyes  and  in 
a number  of  analytical  and  chemical  processes  ; as  a catalytic  agent  in  the  prepara- 
tion of  sulphur  trioxide  (q.v.),  and,  according  to  H.  W.  Underwood,9  in  the  hydro- 
genation of  organic  compounds. 

Chromic  oxide  is  employed  as  green  pigments  for  paints — chrome-green, 
emerald-green,  Cassal’s  green,  etc.- — and  it  may  be  associated  with  other  substances 
— e.g.  boric  oxide,  phosphoric  oxide,  zinc  oxide,  etc.  to  produce  special  tints,  there 
are  yellow  chromates  of  lead,  etc. — e.g.  chrome  yellow,  lemon  yellow,  Paris  yellow, 
royal  yellow,  etc.  ; red  basic  lead  chromates — e.g.  chrome-orange,  chrome-vermilion, 
etc. ; and  brown,  manganese  chromate.10  Chromic  oxide  is  employed  in  producing 
on-,  in-,  and  underglaze  green  colours  in  enamel,  pottery  and  glass  manufacture  ; 
on-glaze  yellows  employed  for  on-glaze  work,  and  in  enamelling  are  derived  from 
lead  chromate,  the  on-glaze  reds  and  orange  colours,  from  basic  lead  chromate.  A 
crimson  or  pink  colour  for  pottery  decoration  is  based  on  the  result  of  calcining 
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stannic  oxide  with  one  or  two  per  cent,  of  chromic  oxide ; for  the  coloration  of 
alumina  with  chromium  to  form  artificial  rubies — vide  alumina.  C.  J.  Smithells  11 
described  the  manufacture  of  articles  from  chromium. 


References. 

1 H.  P.  Walmsley,  Phil.  Mag.,  (7),  7.  1097,  1929  ; F.  W.  Bergstrom,  Journ.  Amer.  Chem. 
Soc.,  47.  1836,  1925  ; N.  Domanicky,  Journ.  Russ.  Phys.  Chem.  Soc.,  48.  724,  1916  ; H.  W.  Under- 
wood, Chem.  Met.  Engg.,  29.  709,  1923  ; H.  V.  Regnault,  Ann.  Chim.  Phys.,  (2),  62.  357,  1836  ; 

E.  M.  Peligot,  ib.,  (3),  12.  548,  1844  ; S.  Medsforth,  Journ.  Chem.  Soc.,  123.  1452, 1923  ; F.  Adcock, 
Journ.  Iron  Steel  Inst.,  114.  ii,  117,  1926  ; W.  Rohn,  Zcit.  Metalllcunde,  18.  387,  1926  ; W.  Guertler 
and  T.  Liepus,  ib.,  17.  310,  1925  ; C.  E.  Ufer,  Liebig's  Ann.,  112.  302,  1859  ; F.  Wohler,  ib..  111. 
230,  1859;  J.  J.  Berzelius,  ib..  49.  247,  1844;  T.  Weichselfelder  and  B.  Thiede,  ib.,  447.  64, 
1926  ; B.  Thiede,  TJeber  die  Hydride  der  Metalle  Nickel,  Cobalt,  Eisen,  Chroni,  Berlin,  1926  ; 
K.  Nischk,  Zeit.  Elektrochem.,  29.  373,  1923  ; H.  Gruber,  ib.,  30.  396,  1924  ; H.  R.  Carveth  and 
B.  E.  Curry,  Journ.  Phys.  Chem.,  9.  353,  1905  ; C.  C.  Palit  and  N.  R.  Dhar,  ib.,  30.  1125,  1926  ; 

F.  Emich,  Monatsh.,  15.  375,  1894;  L.  N.  Vauquelin,  ib.,  45.  393,  1794;  46.  152,  311,  1798; 
Journ.  Mines,  6.  737,  1797  ; Nicholson’s  Journ.,  2.  387,  441,  1799  ; Phil.  Mag.,  1.  279,  361,  1798  ; 
2.  274,  1798;  Ann.  Chim.  Phys.,  (1),  25.  2f,  194,  1798;  F.  Fischer  and  F.  Schrotter. 
Ber.,  43.  1442,  1454,  1910 ; H.  Moissan,  Bull.  Soc.  Chim.,  (3),  35.  947,  1906 ; Le  four 
electrigue,  Paris,  1900 ; London,  146,  1904 ; Compt.  Rend.,  142.  428,  1906 ; W.  Hittorf, 
Sitzber.  Akad.  Munchen,  71.  193,  1898  ; Zeit.  Elektrochem.,  6.  6,  1899  ; Zeit.  phys.  Chem.,  25. 
729,  1898 ; 30.  481,  1899 ; 34.  385,  1900 ; R.  Hanslian,  Molekulargewichtsbestimmungen 
in  gefrierendem  und  siedendem  Jod,  Weida  a.  Th.,  1910  ; A.  Gotta,  Ueber  die  Eigenschaften 
einiger  Metallwasserstoffe,  Leipzig,  1928  ; D.  F.  McFarland  and  O.  E.  Harder,  Bull.  Eng.  Vniv. 
Illinois,  93,  1912  ; E.  H.  Harvey,  Chem.  Met.  Engg.,  35.  684,  1928  ; E.  Martin,  Arch.  Eisen- 
huttenwesen,  Z.  407,  1929  ; Stahl  Eisen,  49.  1861,  1929  ; Ein  Beitrag  zur  Frage  der  Aufnahmefa- 
higkeit  des  reinen  Eisens  und  einiger  seiner  Legierungsdemente  fur  Wasserstoff  und  Stickstoff, 
Diisseldorf,  1929  ; A.  Binet  du  Jassonneix,  Compt.  Rend.,  143.  897,  1906 ; E.  Vigouroux,  ib., 
144.  83,  1907  ; E.  Fremy,  ib.,  44.  633,  1857  ; C.  Poulenc,  ib.,  116.  253,  1893  ; Ann.  Chim.  Phys., 
(7),  2.  60,  1894  ; H.  St.  C.  Deville,  ib.,  (3),  46.  182,  1856  ; Compt.  Rend.,  44.  676,  1857  ; J.  F£ree, 
ib.,  121.  822,  1895  ; C.  Matignon  and  G.  Desplantes,  ib.,  140.  853,  1905  ; G.  Charpy,  ib.,  148. 
560,  1907  ; A.  Granger,  ib.,  124.  190,  1897  ; Ann.  Chim.  Phys.,  (7),  14.  38,  1898  ; E.  Jager  and 

G.  Kriiss,  Ber.,  22.  2052,  1889 ; M.  Leblanc  and  O.  Weyl,  ib.,  45.  2300,  1912 ; M.  G.  Levi, 
E.  Migliorini  and  G.  Ercolini,  Gazz.  Chim.  Ital.,  38.  i,  583,  1908  ; C.  F.  Hiittig,  Zeit.  angew. 
Chem.,  39.  67,  1926  ; F.  W.  Brodkorb,  Zur  Kenntnis  der  Verbindungen  des  Wasserstoffs  mit  den 
Metallen  Calcium,  Natrium,  Kupfer  und  Chrom,  Leipzig,  1927  ; G.  F.  Hiittig  and  F.  W.  Brodkorb, 
Zeit.  anorg.  Chem.,  144.  341,  1925  ; C.  F.  Hiittig,  ib.,  153.  235,  1926  ; A.  Sieverts  and  A.  Gotta, 
ib.,  172.  i,  1928;  G.  Tammann,  Nachr.  Gott.,  225,  1919;  Zeit.  anorg.  Chem.,  188.  396,  1930; 
W.  Treitschke  and  G.  Tammann,  ib.,  55.  402,  1907  ; W.  Biltz,  ib.,  174.  42,  1928 ; E.  Muller  and 

H.  Barck,  ib.,  129.  309,  1923  ; E.  Tiede  and  E.  Bimbrauer,  ib.,  87.  129,  1914 ; T.  Doring,  Journ. 
prakt.  Chem.,  (2),  66.  65,  1902  ; I.  Zschukoff,  Ann.  Inst.  Anal.  Phys.  Chem.,  3.  14,  1926  ; 
A.  L.  Bernoulli,  Die  Passivitat  des  Chroms  nach  der  Faradayschen  Theorie,  Munchen,  1904  ; Phys. 
Zeit.,  5.  632,  1904  ; S.  Hakomori,  Science  Rep.  Tohoku  Univ.,  16.  841,  1927  ; R.  Blix,  Zeit.  phys. 
Chem.,  3.  B,  229,  1929  ; G.  G.  Henderson  and  J.  C.  Galletly,  Journ.  Spc.  Chem.  Ind.,  27.  387, 
1908;  J.  Voisin,  Rev.  Met.,  7.  1146,  1910;  J.  H.  Mathews,  Journ.  Phys.  Chem.,  9.  659,  1905; 
W.  G.  Mixter,  Amer.  Journ.  Science,  (4),  26.  125, 1908  ; A.  Burger,  Ber.,  39.  4068, 1906  ; Reduktion 
durch  Calcium,  Basel,  1907  ; N.  B.  Pilling  and  R.  E.  Bedworth,  Metal  Ind.,  22.  560,  1923  ; 
Journ.  Inst.  Metals,  29.  529,  1923  ; H.  S.  Taylor  and  G.  B.  Kistiakowsky,  Journ.  Amer.  Chem. 
Soc.,  49.  2468,  1927  ; O.  Schmidt,  Zeit.  phys.  Chem.,  113.  193,  1925  ; L.  J.  Thenard,  Traite  de 
chimie,  2.  68,  1824 ; G.  Valensi,  Journ.  Chim.  Phys.,  26.  152,  1929  ; W.  G.  Imhoff,  Amer.  Metal 
Market,  37.  106,  1930  ; J.  G.  Thompson,  H.  J.  Krause  and  K.  G.  Clark,  Journ  Ind.  Eng.  Chem., 
22.  735,  1930;  C.  B.  Gates,  Journ.  Phys.  Chem.,  15.  97,  1911  ; R.  Kraiczek  and  F.  Sauerwald, 
Zeit.  anorg.  Chem.,  185.  193,  1929  ; E.  Beutel  and  A.  Kutzelnigg,  Zeit.  Elektrochem.,  36.  523, 
1930  ; G.  Walpert,  Zeit.  phys.  Chem.,  151.  219,  1930  ; U.  Sborgi  and  G.  Cappon,  Nuovo  Cimento, 
(6),  23.  303,  1922  ; H.  Moissan,  Ann.  Chim.  Phys.,  (5),  21.  253,  1880. 

2 J.  N.  von  Fuchs,  Schweigger's  Journ.,  62.  191,  1831  ; H.  Demargay,  Liebig's  Ann.,  11. 
241,  1834  ; H.  Rose,  Pogg.  Ann.,  83.  143,  1851  ; F.  Jackson,  Journ.  Amer.  Chem.  Soc.,  25.  992, 
1903  ; P.  Harting,  Bull.  Sciences  Neerl.,  2.  164,  1841  ; Journ.  prakt.  Chem.,  (1),  22.  52,  1841  ; 
T.  G.  Wormley,  Microchemistry  of  Poisons,  New  York,  1879. 

3 P.  Gazeneuve,  Journ.  Pharm.  Chim.,  (6),  12.  150.  1900  ; Compt.  Rend.,  131.  346,  1900  ; Bull. 
Soc.  Chim.,  (3),  25.  761,  1901  ; A.  Moulin,  ib.,  (3),  31.  295,  1904  ; S.  N.  Chakrabarty  and  S.  Dutt, 
Journ.  Indian  Chem.  Soc.,  5.  513,  1928  ; J.  Meyerfeld,  Chem.  Ztg.,  34.  948,  1910  ; P.  Konig,  ib.,  35. 
277,  1911  ; P.  N.  van  Eck,  Chem.  Weekbl.,  12.  6,  1915 ; K.  Pander,  Arb.  Pharm.  Inst.  Dorpat., 
2.  1,  1888  ; Berlin.  Klin.  Wochensschr.,  25.  835,  1888  ; J.  Froidevaux,  Journ.  Pharm.  Chim.,  (5), 
4.  155,  1896  ; D.  Lindo,  Chem.  News,  58.  28,  1888  ; L.  C.  A.  Barreswil,  Compt.  Rend.,  16.  1885, 
1847  ; Ann.  Chim.  Phys.,  (3),  20.  364,  1848  ; N.  M.  Stover  , Journ.  Amer.  Chem.,  Soc.,  50.  2363, 
1928. 

4 G C.  Gmelin,  Versuche  iiber  die  Wirkungcn  des  Baryts,  Slrontians,  Chroms,  Molybdans, 


CHROMIUM 


167 


Wolframs,  Tellurs,  Titans,  Osmiums,  Platins,  Iridiums,  Rhodiums,  Palladiums,  Nickels,  Kobalts, 
Urans,  Ceriums,  Eisens,  und  Mangans  auf  denthierischen  Organisms,  Tubingen,  1924  ; Schweigger's 
Journ.,  43.  110,  1823  ; Edin.  Met.  Journ.,  3.  324,  1827  ; E.  Gergens,  Arch.  exp.  Path.  Pharmakol., 
6.  148,  1876  ; C.  Posner,  Virchow's  Arch.,  79.  311,  1880  ; E.  V.  Pelikan,  Beitrage  zur  gerichtlichen 
Medicin,  Toxikologie.  und  Pharmakoll. , Wurzburg,  1858  ; B.  W.  Richardson,  Brit.  Foreign  Med. 
Chirurg.  Rev.,  32.  533,  1863  ; J.  J.  Bloomfield  and  W.  Blum,  Health  Hazards  in  Chromium 
Plating,  Washington,  1928  ; R.  C.  Smith,  Lancet,  i,  391,  1882  ; E.  O.  MacNiven,  ib.,  ii,  496, 

1883  ; J.  T.  Gadsby,  ib.,  i,  167,  1880  ; A.  D.  Walker,  ib.,  ii,  464,  1879  ; W.  A.  McLachlan, 
Glasgow  Med.  Journ.,  16.  31,  1881  ; A.  M’Crorie,  ib.,  15.  378,  1881  ; G.  Wilson,  Med.  Gaz.  (London), 
33.  734,  1844  ; G.  Leopold,  Viertelj.  gcr.  Med.,  27.  29,  1877  ; 0.  von  Linstow,  ib.,  20.  60,  1874  ; 
J.  Maschka,  Prag.  Viertelj.  prakt.  Heilk.,  131.  37,  1877  ; Handbuch  der  gerichtlichen  Medicin, 
Tubingen,  2.  3,  1882  ; A.  W.  and  M.  W.  Blyth,  Poisons,  London,  701,  1906  ; A.  Hebert,  Bull. 
Soc.  Chim.,  (4),  1.  1026,  1907  ; Compt.  Rend.,  145.  337,  1907  ; H.  Becker,  Collegium,  35,  1906  ; 
L.  Lewin,  Chem.  Ztg.,  31.  1076,  1907  ; A.  T.  E.  Wutzdorff,  Arb.  Kaiser.  Ges.  Amt.,  13.  328,  1897. 

5 C.  Chamberland,  Ann.  Pasteur.  Inst.,  1.  153,  1887  ; Journ.  Pharm.  Chim.,  (5),  16.  126, 
1887  ; C.  Chamberland  and  E.  Roux,  Compt.  Rend.,  96.  1088,  1883  ; H.  Coupin,  ib.,  127.  977, 
1898  ; C.  H.  Pander,  Cenlr.  Baktenol.,  25.  835,  1888  ; M.  E.  Pozzi-Escot,  Bull.  Assoc.  Chim. 
Sucre  Dist.,  21.  1141,  1904;  H.  Schulz,  Biedcrmann's  Cenlr.,  17.  485,  1888;  T.  Pfeiffer, 
W.  Simmermacher  and  A.  Rippel,  ib.,  49.  259,  1920;  Fuhling’s  Landw.  Zrit.,  17.  313,  1918; 
J.  Froidevaux,  Journ.  Pharm.  Chim.,  (6),  4.  155,  1896  ; G.  Denigcs,  Rev.  Falsif.  Internal.,  9. 
36,  1897  ; A.  Strubell,  Dingler's  Journ.,  272.  129,  1889  ; P.  J.  Laujorrois,  Union  Pharm.,  25.  19, 

1884  ; Arch.  Pharm.,  (3),  22.  427,  1884;  A.  Muller,  Landw.  Vers.,  32.  271,  1885;  P.  Miquel, 
Monit.  Scient.,  (3),  14.  170,  1884;  J.  F.  Clark,  Journ.  Phys.  Chem.,  3.  306,  1899;  P.  Konig, 
Chem.  Ztg.,  35.  205,  1911  ; Landw.  Jahr.,  39.  775,  1910. 

6 U.  Coppa,  Rass.  Min.  Met.  Chim.,  55.  Ill,  1922;  Anon.,  Metal  Ind.,  31.  98,  1924; 
C.  B.  Beilis,  Chem.  Met.  Engg.,  30.  149,  1924  ; G.  C.  Fink,  Journ.  Soc.  Aulom.  Eng.,  20.  157,  1927. 

7 G.  C.  Fink,  Blast  Furnace  and  Steel  Plant,  13.  234,  1925 ; S.  Wernick,  Nature,  120.  225, 
1927  ; H.  C.  H.  Carpenter,  ib.,  120.  225,  1927. 

8 E.  G.  von  Odelstjerna,  Jem.  Kontorets  Ann.,  (2),  43.  378,  1888  ; Dingler's  Journ.,  272. 
65,  1889;  Stahl  Eisen,  8.  873,  1888;  J.  Bach,  German  Pat.,  D.R.P.  154750,  158268,  1903; 
R.  Tripmacher,  ib.,  230033,  1909  ; M.  Reiche,  ib.,  205883,  1907  ; M.  Simonis,  Stahl  Eisen,  28. 
334,  1908  ; J.  W.  Furness,  Metal  Ind.,  31.  151,  1927. 

9 H.  W.  Underwood,  Chem.  Met.  Engg.,  29.  709,  1923. 

10  C.  F.  Binns  and  E.  Craig,  Journ.  Amer.  Cer.  Soc.,  10.  73,  1927. 

11  C.  J.  Smithells,  Brit.  Pat.  No.  285571,  1926. 


§ 6.  The  Atomic  Weight  and  Valency  of  Chromium 

In  1818,  J.  J.  Berzelius  1 represented  chromic  anhydride  by  the  formula  Cr06 
but  later  gave  Cr03,  and  the  corresponding  formula  for  chromic  oxide  became 
Cr203  by  analogy  with  the  sesquioxides  of  aluminium,  iron  and  manganese.  This 
made  the  at.  wt.  of  chromium  approximate  to  52,  and  is  in  agreement  with  the  ter- 
valency  of  chromium  in  this  oxide,  and  also  with  the  sp.  ht.  rule  ; with  the 
isomorphism  of  the  chromous  and  ferrous  salts  observed  by  C.  Laurent ; the  iso- 
morphic replacement  of  chromic,  ferric,  and  aluminium  hydroxides  in  the  silicate 
minerals,  spinels  and  chromites,  alums,  and  complex  cyanides ; and  the  iso- 
morphism of  chromates  and  sulphates — vide  supra.  The  at.  wt.  52  also  agrees 
with  the  electrolysis  of  chromium  salts  which  is  in  accord  with  Faraday’s  law  ; 
with  the  recognized  position  of  chromium  in  the  periodic  table  ; and  with  the 
frequency  of  the  X-rays  observed  by  H.  G.  J.  Moseley,  and  M.  Siegbahn  and 
W.  Stenstrom. 

Chromium  under  different  conditions  may  act  as  a bi-,  ter-,  and  sexi-valent 
element.  F.  Pintus  discussed  the  possibility  of  the  formation  of  compounds  with 
univalent  chromium  in  such  reactions  as  : 4Cr012+4CfiH5MgBr=^C6H5)4CrCl4-3CrCl 
2MgCl2+2MgBr2.  Bivalent  chromium  in  the  dichloride  has  a vap.  density  at  1600° 
half  as  much  again  too  high  for  the  simple  molecule  CrCl2,  and,  according  to 
L.  F.  Nilson  and  O.  Pettersson,  the  chromium  is  really  tervalent  Cr2=Cr— Cr=Cl2  ; 
but  it  may  be 

r,  C1=C1  p 
Cr<Cl=Cl>Cr 

The  isomorphism  between  CrS04.7H20,  and  FeS04.7H20,  indicated  by  C.  Laurent, 
shows  that  the  bivalency  of  chromous  chromium  corresponds  with  the  bivalency 
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of  ferrous  iron.  The  ter  valency  of  chromium  has  been  more  definitely  established 
by  L.  F.  Nilson  and  0.  Pettersson’s  observations  on  the  vap.  density  of  chromic 
chloride  ; F.  Hein  and  E.  Markert’s  observations  on  triphenyl  chromium,  Cr(C6H5)3  ; 
and  G.  Urbain  and  A.  Debierne’s  observations  on  the  vap.  density  of  chromic 
acetylacetonate.  There  is  also  the  isomorphism  of  chromium  with'  tervalent 
aluminium  in  the  alums.  W.  Just,  W.  Eissner,  E.  Markert,  and  F.  Hein  and 
co-workers  also  prepared  tetraphenyl  chromium,  Cr(C6H5)4,  in  which  the  metal 
is  presumably  quadrivalent  ; and  possibly  quinquevalent  in  the  compounds  of  the 
type  Cr(C6H5)4OH.  The  sexivalency  of  chromium  is  indicated  by  F.  Hein’s 
observations  on  the  vap.  density  of  chromyl  chloride  ; and  by  the  relations  between 
sulphur  trioxide,  S03,  and  chromic  trioxide,  Cr03,  as  illustrated  by  the  isomorphism 
of  the  sulphates  and  chromates  observed  by  E.  Mitscherlich,  F.  Mylius  and  R.  Funk, 
and  H.  Salkowsky.  Of  course,  chromium,  in  chromic  anhydride,  may  be  bi-  or 
quadri-valent 


(jr  /®\o 
\0/° 

Bivalent. 


o=<? 

\o 

Quadrivalent. 


0=Cr 


/o 

\0 


Sexivalent. 


and  W.  Manchot  believed  that  the  chromium  is  quadri-  not  sexi-valent,  and 
similarly  also  with  the  other  cases  of  sexivalent  chromium  ; hence,  the  whole 
force  of  the  argument  turns  on  the  analogy  with  what  he  assumed  to  be  sexivalent 
sulphur.  W.  Manchot  and  R.  Kraus  reported  chromium  dioxide,  Cr02,  in  which 
the  chromium  is  bi-,  ter-,  or  quadrivalent 

Cr/°  0=Cr— 0— 0— Cr=0  Crif° 

\0  \o 

Bivalent.  Tervalent.  Quadrivalent. 


and  W._  Manchot  believed  it  to  be  quadrivalent.  The  isomorphism  of  the  complex 
salts  of  chromium  oxytrichloride,  CrOCl3,  say  CrOCl3.2CsCl  with  Cb0013.2CsCl, 
observed  by  R.  F.  Weinland  and  co-workers,  agrees  with  the  assumption  that 
chromium  is  here  quinquevalent.  F.  Olsson  obtained  addition  products  of  quinque- 
valent chromium.  R.  Luther  and  T.  F.  Rutter  also  .assumed  that  in  the  reaction 
between  hydriodic  acid  and  chromic  acid,  the  chromium  is  first  reduced  to  a quin- 
quevalent stage  and  then  to  a quadrivalent  stage.  According  to  E.  H.  Riesenfeld, 
chromium  in  chromium  tetroxide,  0r04,  is  sexivalent,  and  in  the  perchromate 
H3CrOg,  seplivalent.  : 


0% 

0/ 


Cr04 


0/Cr\ 


O.  OH 
O.  OH 
0.  OH 


H3CrO, 


A.  Warner,2  and'P.  Pfeiffer  and  co-workers  described  optically  active  chromic 
diaquodiethylenediamine  salts,  [Cren2(H20)2]X3  ; chromic  hydroxyaquodiethylene- 
diamine  salts,  [Cren?(0H)(H20)]X2  ; A.  Werner,  and  P.  Pfeiffer  and  co-workers, 
chromic  dichlorodiethylenediamine  salts,  [Cren2Cl2]X  ; chromic  dibromodiethylene- 
diamine  salts,  [Cren2Br2]X  ; and  chromic  dithiocyanatodiethylenediamine  salts, 
[Cren2(SCy)2]X. 

J.  J.  Berzelius  3 made  the  first  serious  determination  of  the  at.  wt.  of  chromium  ; 
he  precipitated  lead  nitrate  with  an  alkali  chromate,  and  weighed  the  resulting  lead 
chromate.  His  results  for  the  at.  wt.  gave  56  from  the  ratio  Pb(N03)2  : PbCr04 ; 
and  54  from  BaCr04  : BaS04.  Later  observers  have  shown  that  the  method  is 
unreliable — with  cone,  soln.,  the  precipitate  adsorbs  alkaline  salts,  and  with  dil. 
soln.,  the  precipitation  is  incomplete.  E.  M.  Pcligot  analyzed  chromous  acetate 
and  chromium  chloride,  and  obtained  a value  for  the  at.  wt.  52-5,  much  lower  than 
that  of  J.  J.  Berzelius  ; and  Y.  A.  Jacquelain  obtained  a very  low  result,  50J.  In 
neither  case  were  sufficient  data  described  in  the  reports  to  enable  estimates  to  be 
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made  of  the  value  of  the  work.  Some  general  observations  on  the  subject  were 
made  by  W.  A.  Noyes,  and  S.  Lupton. 

In  1846,  N.  J.  Berlin  obtained  52-6  to  52-9  from  the  ratio  2AgCl : Ag2Cr04  ; 
52-3  to  52-5  from  Cr203  : 2Ag2Cr04  ; 52-6  from  2AgCl : Ag2Cr207 ; 52-3  from 
Cr203  : Ag2Cr207  ; and  52-0  from  Pb(N03)2  : PbCr04.  A.  Moberg  obtained  53-2 
from  the  ratio  Cr203  : Cr2(S04)3  ; 53-7  from  Cr203  : Cr2(S04)3  ; and  53-6  from 
Cr203  : chrome-alum.  J.  Lefort  calculated  53-1  from  the  ratio  BaCr04  : BaS04  ; 
and  R.  Wildenstein,  53-6  from  BaCr04  : BaCl2.  F.  Kessler  obtained  52-2  to  52-4 
from  the  ratio  KC103  : K2Cr207  ; M.  Siewert,  52-05,  from  CrCl3  : 3AgCl ; 52-1, 
from  Ag2Cr207  : 2AgCl ; and  52-0,  from  Ag2Cr207 : Cr203  ; H.  Baubigny,  52-1 
from  Cr2(S04)3  : Cr203  ; S.  G.  Rawson,  52-2  from  (NH4)2Cr207  : Cr203  ; F.  W.  Mei- 
necke,  52-2,  from  (NH4)2Cr207  : Cr203  ; 52-08,  from  4AgCl : Cr203  ; 52-06,  from 
Ag2Cr04  : 12  ; 52-2,  from  [Ag2(NH3)4]Cr04  : I2  ; 52-10,  from  K2Cr207  : KC103  ; 
and  52-13,  from  (NH4)2Cr207  : I2  ; F.  G.  Nunez,  52-025,  from  CrCl202  : 2AgCl ; 
G.  P.  Baxter,  E.  Mueller  and  M.  A.  Hines,  52-005,  from  2AgCl : Ag2Cr04,  and 
52-012,  from  2AgBr  : Ag2Cr04 ; and  G.  P.  Baxter  and  R.  H.  Jesse,  52-016,  from 
2AgBr  : Ag2Cr207.  J.  Meyer  gave  52-01  ±0-01  as  the  best  representative  value  ; 

F.  W.  Clarke,  52-0193^0-0013  ; while  the  International  Table  for  1926  gave  52-01. 
The  atomic  number  of  chromium  is  24.  F.  W.  Aston  4 found  chromium  has 

four  isotopes  with  mass  numbers  and  percentage  abundance  respectively  50  and 
4 9;  52  and  81-6;  53  and  10-4;  and  54  and  3*1,  making  the  at.  wt.  52-011.  N.  Bohr 
gave  for  the  electronic  structure  (2)  for  the  K-shell ; (4,  4)  for  the  L-shell ; (4,  4,  4) 
for  the  M-shell ; and  (2)  for  the  N-shell.  Speculations  on  the  subject  were 
made  by  S.  Meyer,  R.  H.  Ghosh,  H.  Lessheim  and  co-workers,  C.  D.  Niven, 
K.  Hojendahl,  R.  G.  W.  Norrish,  R.  Samuel  and  E.  Markowicz,  D.  M.  Bose,  F.  Hund, 
I.  Tamm,  R.  Ladenburg,  A.  S.  Russell,  P.  Ray,  J.  D.  M.  Smith,  J.  N.  Frers, 
0.  Feussner,  C.  G.  Bedreag,  A.  Sommerfeld,  and  N.  Collins.  Evidence  of  atomic 
disintegration  by  bombardment  with  a-rays  was  observed  by  H.  Pettersson  and 

G.  Kirsch.  The  subject  was  discussed  by  G.  I.  Podrowsky. 
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§ 7.  The  Alloys  of  Chromium.  Chromides 

G.  Hindrichs  1 prepared  copper-chromium  alloys  by  the  direct  union  of  the 
elements.  G.  Hindrichs  said  that  in  the  molten  state  the  elements  are  only  slightly 
soluble  in  one  another ; H.  Moissan  said  that  molten 
copper  can  take  up  0-5  per  cent,  of  chromium ; and 
A.  B.  du  Jassonneix  that  boiling  copper  can  take  up  1-6 
per  cent,  of  chromium.  G.  Hindrichs  found  that  the 
emulsion  formed  by  the  two  elements  does  not  separate 
readily  into  two  layers.  E.  Siedschlag’s  f.p.  curve  is  shown 
in  Fig.  7.  E.  Siedschlag  found  that  there  is  only  a partial 
miscibility  in  the  liquid  state  with  a eutectic  at  1076°  and 
1-5  per  cent,  of  copper.  The  limits  within  which  a mixture 
of  the  two  liquids  is  formed  are  37  and  93  per  cent,  of 
chromium,  above  1470°.  Only  heterogeneous  mixtures  of 
two  kinds  of  crystals  are  obtained  in  the  solid  state,  chromium,  and  a eutectic  rich 
in  copper.  E.  Placet,  the  Electrometallurgical  Co.,  and  D.  S.  Ashbrook  deposited 
electrolytically  a mixture  of  the  two  elements.  The  Neo-Metallurgie  Marbeau,  anc 
L.  P.  Hamilton  and  E.  F.  Smith  heated  a mixture  of  chromium  and  copper  oxides 
with  carbon ; P.  L.  Hulin  reduced  the  mixed  oxides  with  sodium ; and  H.  Gold- 
schmidt, with  aluminium.  G.  Hindrichs  reduced  a mixture  of  chromic  oxide, 
potassium  dichromate,  and  cupric  sulphide.  H.  Goldschmidt  said  that  an  alloy  with 
10  per  cent,  of  chromium  is  greyish-red  and  harder  than  copper.  L.  P.  Hamilton 
and  E.  F.  Smith  prepared  a greyish-red  alloy  with  7 per  cent,  chromium  and  a sp. 
gr.  8-346.  The  Electrometallurgical  Co.  reported  that  chromium  containing  one- 
thousandth  part  of  copper  is  harder  and  tougher  than  copper;  alloys  with  0-5  to  20 
per  cent,  of  chromium  have  approximately  the  toughness  of  steel,  and  they  are  very 
resistant  towards  acids,  and  alkalies,  and  they  also  resist  high  temp.  M.  G.  Corson 
studied  the  hardness  of  the  alloys.  D.  F.  McFarland  and  0.  E.  Harder  observed 
that  the  sp.  gr.  of  the  alloys  with  91-68,  83-02,  and  74-05  per  cent,  of  copper  were 
respectively  8-78,  8-60,  and  8-47  ; and  Brinell’s  hardness,  respectively  <68,  69, 
and  68.  The  corrosion  of  the  alloys  by  normal  hydrochloric,  sulphuric,  and  nitric 
acids,  normal  soln.  of  sodium  chloride,  and  hydroxide,  ammonium  hydroxide  and 


Fig.  7. — Freezing-point 
Curve  of  Cu-Cr  Alloys. 
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fatty  acids,  expressed  in  terms  of  the  loss  in  mgr  ms.  per  sq.  in.  per  week,  are 
indicated  in  Table  II. 


Table  II. — The  Corrosion  of  Chromium-Copper  Alloys. 


Copper 
(Per  cent.). 

NaOH. 

HC1. 

H2SO4. 

hno3. 

NaOH. 

nh4oh. 

Fatty  acids. 

91-68 

4-33 

42-8 

17-20 

12-60 

10-40 

41-80 

10-50 

83-02 

4-00 

38-3 

14-20 

13-10 

9-6 

57-50 

— 

74-05 

4-60 

30-3 

16-40 

60-30 

8-86 

67-50 

10-70 

The  silver-chromium  alloys  have  not  been  closely  studied.  According  to 
G.  Hindrichs,  liquid  chromium  and  silver  are  only  partially  miscible  ; solid  soln. 
are  not  formed.  The  addition  of  5 per  cent,  of  silver  lowers  the  f.p.  of  chromium 
50°.  A reconstructed  curve  by  G.  Hindrichs  is  shown  in  Fig.  8.  L.  Jordan  and 
co-workers  measured  the  hardness,  tensile  strength,  and  elongation  of  these  alloys. 
R.  Vogel  and  E.  Trilling’s  observations  on  the  gold-chromilim  alloys  are  sum- 


Fig.  8. — Freezing-point  Curve 
of  Ag-Cr  Alloys. 


Fig.  9. — Freezing-point  Curve 
of  Au-Cr  Alloys. 


marized  in  Fig.  9.  No  compounds  of  definite  composition  are  formed.  There 
are  three  kinds  of  mixed  crystals,  one  rich  in  chromium,  and  two  rich  in  gold. 
The  Greek  letters  in  Fig.  9 refer  to  the  solid  soln. 

According  to  H.  le  Chatelier,2  a zinc-chromium  alloy,  with  7 per  cent.  Cr,  can 
be  obtained  by  melting  zinc  mixed  with  alkali  and  chromic  chloride.  G.  Hindrichs 
found  that  molten  zinc  dissolves  a little  chromium  ; an  alloy  with  5 per  cent,  of 
chromium  had  a break  10°-15°  above  the  m.p.,  and  an  arrest  near  the  m.p.  of  zinc. 
No  cadmium-chromium  alloy  could  be  obtained  by  heating  a mixture  of  the  two 
elements  for  6 hrs.  at  650°. 

A.  S.  Russell  and  co-workers  3 found  chromium  to  be  slightly  soluble  in  mercury. 

G.  Tammann  and  J.  Hinniiber  said  that  the  solubility  of  chromium  in  mercury  is 
3-1 X 10-11  per  cent.  C.  F.  Schonbein,  N.  Bunge,  Z.  Roussin,  and  C.  W.  Vincent  pre- 
pared a mercury-chromium  alloy  or  chromium  amalgam,  by  the  action  of  potassium 
or  sodium  amalgam  on  a cone.  soln.  of  chromic  chloride  ; and  H.  Moissan  obtained 
the  amalgam  by  a similar  process,  as  well  as  by  the  action  of  sodium  amalgam  on 
chromous  chloride,  bromide,  or  iodide.  R.  Myers  obtained  it  by  the  electrolysis  of 
a soln.  of  chromic  sulphate  in  dil.  sulphuric  acid  using  a platinum  anode,  and  mer- 
cury cathode  ; J.  Feree  found  that  with  a soln.  of  chromic  chloride  the  yield  is  poor. 

H.  Moissan  said  that  the  amalgam  is  less  fluid  than  mercury ; and  J.  Feree,  that 
it  decomposes  in  air  into  chromous  oxide  and  mercury.  G.  Tammann  and 
J.  Hinniiber  obtained  amalgams  by  reducing  soln.  of  chromium  sulphate  with  a 
mercury  cathode.  H.  Moissan  added  that  in  air,  the  amalgam  acquires  a black 
film  of  oxide.  It  is  slowly  decomposed  by  dry  air,  and  rapidly  in  moist  air. 
R.  Myers  also  found  that  it  is  rapidly  decomposed  by  water.  C.  F.  Schonbein 
observed  that  when  the  amalgam  is  shaken  with  water  and  air  some  hydrogen 
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dioxide  is  formed  ; this  reaction  is  favoured  by  dil.  sulphuric  acid.  H.  Moissan 
found  that  the  amalgam  is  insoluble  in  boiling,  cone,  sulphuric  acid,  and  that  it  is 
soluble  in  dil.  sulphuric  acid.  It  is  soluble  in  nitric  acid,  and  T.  Dieckmann  and 
0.  Hauf  added  that  with  dil.  nitric  acid  the  amalgam  forms  chromous  oxide  and 
mercury.  A.  S.  Russell  and  co-workers  found  that  the  order  of  removal  of  metals 
from  mercury  amalgam  by  an  oxidizing  agent  is : Zn,  Cd,  Mn,  Tl,  Si),  Pb,  Cu,  Cr,  Fe, 
Bi,  Co,  and  Ni.  According  to  J.  Feree,  only  dil.  amalgams  are  produced  by  the 
action  of  sodium  amalgams  on  chromic  chloride,  or  by  the  electrolysis  of  chromium 
salts  with  a mercury  cathode  ; better  results  are  obtained  by  electrolyzing  a soln. 
containing  160  grms.  of  chromic  chloride  and  100  grms.  of  jconc.  hydrochloric 
acid  in  740  grms.  of  water  by  means  of  a powerful  current  with  a mercury  cathode 
and  a platinum  anode..  Using  a current  of  22  amperes  and  a mercury  surface  of 
8-05  sq.  cm.  he  obtained  1-5  kilo,  of  a ’solid  chromium  amalgam.  When  dried  and 
filtered  through  chamois  leather,  the  amalgam  has  the  composition  mercury 
tritachromide,  Hg3Cr.  When  this  ik  subjected  to  a press,  of  200  kgrms.  per  sq. 
cm.,  it  loses  mercury  and  yields  mercury  monochromide,  HgCr.  The  first  amalgam 
is  soft,  brilliant,  and  alters  but  little  in  air,  but  when  heated  loses  mercury  without 
melting  and  oxidizes  rapidly ; the  second  is  brilliant  and  harder,  but  alters 
more  readily.  When  distilled  in  vacuo  below  300°,  they  both  yield  chromium 
which  is  pyrophoric  at  ordinary  temp.  M.  Rabinovich  and  P.  B.  Zywotinsky 
observed  that  chromium  can  be  dispersed  in  mercury  above  the  solubility  limit 
and  so  form  a colloidal  soln. 

F.  T.  Sisco  and  M.  R.  Whitmore  4 obtained  aluminium-chromium  alloys  with 
up  to  5 per  cent,  aluminium,  by  direct  fusion  of  the  two  elements.  G.  Hindrichs 

could  not  obtain  alloys  with  more  than  70  per  cent, 
chromium  by  heating  a mixture  of  the  two  ele- 
ments in  an  electric  furnace.  The  alloys  were  ob- 
tained by  H.  Moissan  by  reducing  chromic  oxide 
with  aluminium  in  excess.  G.  Hindrichs  said  that 
the  best  mode  of  preparing  the  alloys  is  by  igniting 
a mixture  of  aluminium,  chromic  oxide,  and  potas- 
sium dichromate.  C.  Combes  obtained  crystalline 
alloys  by  the  action  of  the  vapour  of  chromic  chlo- 
ride on  aluminium  ; F.  Wohler  obtained  the  alloys 
by  fusing  a mixture  of  aluminium  with  twice  its 
weight  of  violet  potassium  chromic  chloride,  KCrCl4, 
or  of  a 1:2  mixture  of  potassium  and  chromic 
chlorides ; and  extracting  the  cold  mass  first  with 
water,  and  then  with  dil.  alkali-lye  to  remove  free 
aluminium.  G.  Hindrichs  found  that  mixtures 
with  between  5 and  55  per  cent,  of  chromium  form  two  liquid  layers,  Fig.  10,  and 
there  is  evidence  of  the  formation  of  aluminium  trichromide,  AlCr3,  whose  m.p. 
lies  above  160.0°.  L.  Guillet  obtained  alloys  corresponding  with  aluminium  chromide, 
AlGr,  and  aluminium  telrachromide,  AlCr4,  in  the  form  of  silver-grey  powders  of 
the  respective  sp.  gr.  4-93  and  6-75  at  20°.  H.  Schirmeister,  J.  W.  Richards,  and 
E.  S.  Sperry  made  some  observations  on  these  alloys.  F.  Wohler  regarded  his 
product  as  the  monochromide,  and  he  described  it  as  forming  tin-white,  tetragonal 
plates,  or  rectangular  tetragonal  prisms  resembling  idocrase.  It  melts  at  a higher 
temp,  than  nickel,  forming,  when  cold,  a hard,  brittle  mass  of  sp.  gr.  4-9.  When 
heated  in  air.  it  acquires  a steel-coloured  lustre  without  oxidizing  further  ; when 
heated  in  hydrogen  chloride,  some  silicon  chloride  is  formed  from  the  impurities 
present,  chromous  and  aluminium  chlorides  are  also  produced;  hydrochloric  acid 
attacks  the  alloy  with  the  evolution  of  hydrogen ; warm,  cone,  sulphuric  acid 
develops  hydrogen  with  the  separation  of  sulphur ; and  it  is  not  attacked  by 
cone,  nitric  acid,  or  alkali-lye. 

According  to  .G.  Hindrichs/'  tin-chromium  alloys  are  produced  within  a very 


Fig.  10. — Freezing-point  Curve 
of  Al-Cr  Alloys. 
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narrow  range  ; the  f.p.  of  chromium  is  lowered  by  the  addition  of  up  to  10  per  cent, 
of  tin  ; and  mixed  crystals  are  formed  up  to  6 per  cent,  of  tin — vide  Fig.  1 1 ; beyond 
this,  two  liquid  phases  are  formed  one  of  which  is  pure  tin.  N.  A.  Puschin  said 
that  alloys  are  soft  until  about  90  at.  per  cent.  Cr.  is  present,  when  they  are  hard 
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Fig.  II. — Freezing-point  Curve  of 
Sn-Cr  Alloys. 


Fig.  12. — Freezing-point  Curve  of 
Pb-Cr  Alloys. 


and  brittle ; the  e.m.f.  curve  of  the  cell  Sn  | W-KOH  | SnCr„  shows  no  sign  of  either 
chemical  combination  or  of  solid  soln.  With  n per  cent.  Cr,  the  potentials,  E in 
millivolts,  are : 

n . 20  25  33  50  67  75  90  95-8  100 

E . -16  -2  -1  -1  -4  -3  -4  10  302 


G.  Hindrichs  said  that  lead-chromium  alloys  can  be  formed  by  melting  a mixture 
of  the  two  elements  above  1600°.  Much  lead  is  volatilized.  The  addition  of  27 
per  cent,  of  lead  lowers  the  f.p.  of  chromium  80°- — vide  Fig.  12  ; alloys  with  more 
than  this  proportion  of  lead  separate  into  two  layers  one  of  which  is  lead  alone, 

W.  von  Bolton  obtained  alloys  with  tantalum  and  chromium. 


References. 

1 G.  Hindrichs,  Zeit.  anorg.  Chem.,  59.  420, 1908  ; E.  Siedschlag,  ib.,  131.  173, 1923  ; R.  Vogel 
ard  E.  Trilling,  ib.,  129.  276,  1923  ; P.  H.  Hulin,  Brit.  Pat.  No.. 21543,  1902  ; E.  Placet,  ib., 
202,  203,  1896  ; Neo-Metallurgie  Marbeau,  ib.,  7847,  1895 ; Electrometallurgical  Co.,  German 
Pat.,  D.R.P.  89348,  1896  ; L.  P.  Hamilton  and  E.  F.  Smith,  Journ.  Amer.  Chem.  Soc.,  23.  151, 
1901  ; D.  S.  Ashbrook,  ib.,  26.  1285,  1904  ; H.  Goldschmidt,  Journ.  Soc.  Chem.  Ind.,  17.  545, 
1898 ; Liebig’s  Ann.,  301.  25,  1898  ; L.  Jordan,  L.  H.  Grenall  and  H.  K.  Herschman,  Trans. 
Amer.  Inst.  Min.  Met.  Eng.- — Min.  Met.,  1661, 1927  ; H.  Moissan,  Compt.  Rend.,  119.  185,  1894  ; 
122.  1302,  1896  ; A.  B.  du  Jassonneix,  ib.,  144.  915,  1907  ; D.  F.  McFarland  and  O.  E.  Harder, 
Bull.  Eng.  Univ.  Illinois,  93,  1912 ; M.  G.  Corson,  Brass  World,  22.  289,  1926. 

2 H.  le  Chatelier,  Compt.  RerCd.,  120.  835,  1895  ; Bull.  Soc.  Enc.  Nat.  Ind.,  (4),  10.  388,  1895  ; 
G.  Hindrichs,  Zeit.  anorg.  Chem.,  39.  427,  1908. 

3 T.  Dieckmann  and  O.  Hauf,  Zeit.  anorg.  Chem.,  86.  301,  1914  ; H.  Moissan,  Ann.  Chim. 
Phys.,  (5),  21.  250,  1880  ; Bull.  Soc.  Chim.,  (2),  31.  149,  1879  ; Compt.  Rend.,  88.  180,  1879 
J.  F6r6e,  ib.,  121.  823, 1895  ; Bull.  Soc.  Chim.,  (3),  25.  619,  1901  ; G.  Tammann  and  J.  Hinniiber, 
Zeit.  anorg.  Chem.,  160.  257,  1927;  R.  Myers,  Journ.  Amer.  Chem.  Soc.,  26.  1126,  1904; 
C.  F.  Schonbein,  Pogg.  Ann.,  112.  445,  1861  ; C.  W.  Vincent,  Phil.  Mag.,  (4),  24.  328,  1862  ; 
A.  S.  Russell,  D.  C.  Evans,  and  S.  W.  Rowell,  Journ.  Chem.  Soc.,  129.  1881,  1926  ; A.  S.  Russell, 
ib.,  2398,  1929  ; M.  Rabinovich  and  P.  B.  Zywotinsky,  Koll.  Zeit.,  52.  31,  1930  ; N.  Bunge,  Chem. 
Cenir.,  (2),  10.  257,  1865  ; Z.  Roussin,  Chem.  News,  14.  27,  1866 ; Journ.  Pharm.  Chim.,  (5),  3. 
413,  1866  ; Bull.  Soc.  Chim.,  (2),  6.  23,  1866. 

4 J.  W.  Richards,  Journ.  Franklin  Inst.,  157.  394,  1904  ; C.  Combes,  Compt.  Rend.,  122. 
1484,  1896  ; H.  Moissan,  ib.,  122.  1302,  1896  ; Le  four  electrique,  Paris,  1900  ; London.  1904; 
Bull.  Soc.  Chim.,  (3),  15.  1282,  1896;  H.  Schirmeister,  Stahl  Eisen,  35.  649,  873,  896,  1915; 
Beitrage  zur  Kenntnis  der  binaren  Aluminiumlegierungen  hihsich'tlich  Hirer  technischen  Eigen- 
schaften,  Dusseldorf,  1914  ; F.  Wohler,  Liebig’s  Ann.,  106.  118,  1858  ; L.  Guillet,  Bull.  Soc.  Enc. 
Nat.  Ind.\  101.  ii,  252,  1902;  Gen.  Civ.,  41.  363,  367,  393,  1902;  G.  Hindrichs,  Zeit.  anorg. 
Chem.,  59.  414, 1908  ; E.  S.  Sperry,  Trans.  Amer.  Inst.  Min.  Eng.,  29.  280,  1029, 1899  ; F.  T.  Sisco 
and  M.  R.  Whitmore,  Journ.  Ind.  Eng.  Chem.,  17.  956,  1925. 

5 G.  Hindrichs,  Zeit.  anorg.  Chem.,  59.  414,  1908  ; N.  A.  Puschin,  Journ.  Russ.  Phys.  Chem, 
Soc.,  39.  869,  1907  ; W.  von  Bolton,  Zeit.  Elekirochem.,  11.  47,  1905. 


174 


INORGANIC  AND  THEORETICAL  CHEMISTRY 


§ 8.  The  Lower  Chromium  Oxides 

The  metals  of  the  chromium  family  can  produce  an  extraordinary  number  of 
compounds  ; 1 they  can  behave  as  2-,  3-,  4-,  5-,  6-,  and  in  some  cases  as  8-valent 
elements.  Hence,  one  element  can  form  nearly  all  the  types  of  compounds  which 
characterize  the  individual  elements.  The  lower  oxides  have  basic  properties, 
while  the  higher  oxides  are  markedly  acidic  ; the  intermediate  oxides — like  those  of 
molybdenum,  tungsten,  and  uranium  dioxides — are  indifferent  oxides  and  resemble 
in  some  respects  the  peroxides  of  lead  and  manganese.  The  lowest  oxide  of 
chromium  is  a strong  reducing  agent,  while  the  acidic  oxide  acts  as  a strong  oxidizing 
agent.  All  these  elements  readily  form  oxides  with  a composition  intermediate 
between  two  simpler  oxides,  and  which  appear  to  be  salt-like  compounds  in  which 
the  higher  oxide  plays  the.  role  of  acid,  and  the  lower  oxide,  base.  The  inter- 
mediate oxides  of  chromium  are  not  analogous  with  those  of  uranium — in  the  first 
case  the  intermediate  oxide  appears  as  a compound  of  the  sesqui-  and  tri-oxides  ; 
and  in  the  other  case,  a compound  of  the  di-  and  tri-oxides.  The  existence  of  the 
dioxide  of  chromium  is  not  so  unequivocally  established  as  the  dioxides  of  molyb- 
denum, tungsten,  and  uranium ; and  the  peroxide  behaves  as  if  it  were  a compound 
of  the  tri-  and  sesqui-oxide.  Three  members  of  the  group — molybdenum,  tungsten, 
and  uranium — are  closely  analogous  in  the  nature  of  the  oxides  formed,  but 
chromium  differs  in  many  ways  from  the  others — e.g.  in  the  unstability  of  chromic 
trioxide,  and  the  formation  of  no  chloride  higher  than  CrCl3. 

A.  Moberg  2 obtained  chromium  monoxide,  or  chromous  oxide,  CrO,  by  the 
action  of  hydrogen  or  the  vapour  of  alcohol  on  red-hot  chromic  oxide,  and  by 
heating  chromous  chloride  with  sodium  carbonate  or  calcium  oxide.  It  was  also 
similarly  obtained  by  L.  Clouet,  and  E.  M.  Peligot.  J.  Feree  obtained  the  oxide 
by  the  decomposition  of  chromium-amalgam  in  air.  T.  Dieckmann  and  0.  Hauf 
said  that  the  oxide  is  most  conveniently  made  by  the  action  of  dil.  nitric  acid  on 
chromium  amalgam  ; the  mercury  passes  into  soln.,  chromous  oxide  remains  as  a 
black  powder.  Hydrogen  at  1000°  reduces  chromous  oxide  to  the  metal.  Accord- 
ing to  J.  Feree,  when  the  black  powder  is  triturated  in  a mortar,  it  oxidizes  and 
glows,  forming  chromic  oxide,  and  likewise  also  when  heated  in  air.  It  is  'insoluble 
in  dil.  nitric  or  sulphuric  acid,  and  it  reacts  with  hydrochloric  acid  forming  a blue 
soln.,  and  giving  off  hydrogen.  Carbon  dioxide  at  1000°  converts  it  into  a 
mixture  of  chromic  oxide  and  carbide.  The  constancy  of  the  analytical  data 
by  J.  Feree  favours  the  assumption  that  it  is  not  a mixture  of  chromium  and 
chromic  oxide. 

If  air-free  aq.  soln.  of  chromous  chloride  be  treated  with  an  air-free  soln.  of 
potassium  hydroxide,  A.  Moberg  found  that  a yellow  precipitate  of  chromous 
hydroxide,  Cr(OH)2,  is  formed.  It  should  be  washed  with  air-free  water  in  an 
atm.  of  hydrogen,  or  carbon  dioxide,  and  dried  over  sulphuric  acid.  It  is  then 
dark  brown.  It  is  stable  in  dry  air,  but  decomposes  when  heated  : 2Cr(0H)2 
=Cr203-f  H20+H2  ; it  dissolves  slowly  in  cone,  acids  when  freshly  precipitated 
and  dried  ; but  very  little  dissolves  in  dil.  acids  ; and  very  little  in  boiling  aqua 
regia.  The  soln.  are  green,  and  contain  tervalent  chromium  because,  said 
A.  Moberg,  chromium  separates  as  the  hydroxide  dissolves.  F.  Allison  and 
E.  J.  Murphy  studied  the  magneto-optic  properties. 

The  salts  of  this  base,  chromous  salts,  are  obtained  by  reducing  chromic  salts — 
vide  infra,  chromous  sulphate  or  chloride.  The  aq.  soln.  are  red,  blue,  or  yellow. 
The  chromous  salts  readily  decompose  in  the  presence  of  water,  forming  chromic  salts 
and  hydrogen  ; and  hydrogen  is  evolved  when  the  aq.  soln.  are  boiled  or  treated  with 
platinized  platinum.  R.  Peters  said  that  hydrogen  is  liberated  in  the  oxidation 
because  a chromous  salt  soln.  has  a higher  potential  than  hydrogen  when  in  acidic 
soln.  The  reaction  was  studied  by  R.  Stahn.  No  hydrogen  dioxide  was  observed  by 
W.  Manchot  and  J.  Herzog  to  be  formed  during  the  oxidation  of  chromous  salts  by 
atm.  oxygen  ; and  the  amount  of  oxygen  absorbed  is  simply  that  required  for  the 
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oxidation.  Hence  it  is  inferred  that  the  oxidation  proceeds  directly.  According 
to  W.  Manchot  and  0.  Wilhelms,  the  primary  oxide  formed  in  the  oxidation  of 
these  salts  is  a peroxide,  say  Cr02,  because  in  the  presence  of  an  acceptor — say 
alcohol,  or  potassium  arsenite — which  is  simultaneously  oxidized,  two  eq.  of  oxygen 
are  absorbed  for  eacheq.  of  chromous  oxide.  J.  Piccard  found  that  in  the  autoxi- 
dation  of  neutral  or  acidic  soln.  of  chromous  salts,  chromic  acid  and  chromic  salts 
are  formed.  Intermediate  products,  stable  for  a measurable  period,  are  formed — 
vide  infra,  chromous  chloride.  There  is  first,  the  easily  decomposed  hypothetical 
oxide,  represented  .by  (HO)2Cr.O.O.Cr(OH)2,  which  acts  on  potassium  iodide  in 
almost  neutral  soln.  It  decomposes  into  the  labile  oxide  CrO(OH)2  by  a unimole- 
cular  reaction.  This  oxide  in  the  absence  of  potassium  iodide  forms  chromic  acid, 
hut  in  the  presence  of  potassium  iodide,  it  is  reduced  more  rapidly  than  it  can  form 


chromic  acid.  The  next  oxide,  (HO)2Cr<^,  is  reduced  by  potassium  iodide  in 


weakly  acidic  soln.  within  two  minutes.  W.  Traube  and  W.  Lange  found  that 
with  chromous  hydroxide,  oxalic,  hydrocyanic,  and  thiocyanic  acids  are  converted 
into  glycollic  acid,  methylamine,  and  hydrogen  sulphide,  respectively.  Azides  and 
azoimide  instantaneously  yield  nitrogen  and  ammonia.  Chloroacetic  acid  is  con- 
verted into  acetic  acid,  whilst  benzaldehyde  yields  benzyl  alcohol — vide  infra, 
chromous  chloride. 


R.  Bunsen  3 reported  an  oxide  2Cr0.Cr203,  or  3Cr0.Cr203,  to  be  formed  in  the  elec- 
trolysis of  soln.  of  chromic  salts — vide  supra,  the  electrolytic  preparation  of  chromium. 
The  black,  amorphous  powder  glows  when  heated  in  air  forming  green  chromic  oxide  ; 
it  is  insoluble  in  acids.  A.  Geuther  could  not  prepare  an  oxide  of  this  composition  ; and 
J.  Feroe  obtained  a black  powder  with  similar  properties,  but  with  the  composition 
Cr203.H20,  in  his  study  of  the  electrolysis  of  soln.  of  chromic  chloride. 


According  to  E.  M.  Peligot,4  when  an  air-free  aq.  soln.  of  chromous  chloride  is 
treated  with  air-free  alkali-lye  in  an  inert  atm.,  the  brown  precipitate  which  is 
formed  gradually  in  the  cold,  rapidly  when  boiled,  decomposes,  hydrogen  is  evolved, 
and  a reddish-brown  hydrate  of  chromosic  oxide,  or  chromium  tritatetraoxide, 
Cr304,  or  Cr0.Cr203,  is  formed.  This  can  be  washed  with  boiling  water,  and  dried 
in  vacuo.  According  to  A.  Moberg,  and  G.  Bauge,  it  is  a trihydrate,  whereas 
E.  M.  Peligot  said  that  it  is  a monohydrate.  G.  Bauge  could  not  make  the  mono- 
hydrate, but  he  obtained  the  trihydrate,  Cr304.3H20,  by  treating  chromous 
carbonate  with  alkali  carbonate  in  boiling  water  while  protected  from  air.  The 
brown  powder  loses  water  when  heated,  and  it  suffers  autoxidation  : 2Cr304-f  2H20 
=3Cr203+H2+H20.  According  to'G.  Bauge,  when  dried  in  vacuo  at  100°,  the 
yellowish-brown  powder  has  a sp.  gr.  3-49.  It  is  converted  into  chromic  oxide 
by  the  action  at  250°  of  water- vapour,  hydrogen  chloride,  or  an  inert  gas,  hydrogen 
being  evolved  ; it  is  also  decomposed  by  chlorine  at  a dull  red-heat,  giving  chromyl 
chloride,  water,  and  hydrogen  chloride.  Although  stable  in  dry  air  at  the  ordinary 
temp.,  it  is  rapidly  oxidized  to  chromic  oxide  in  presence  of  water  or  when  heated  ; 
by  hydrogen  sulphide,  it  is  converted  at  a somewhat  elevated  temp,  into  a crystalline 
sulphide,  .whilst  it  rapidly  reduces  dil.  sulphuric  acid  at  40°,  hydrogen  sulphide 
being  evolved  if  a large  quantity  of  the  oxide  is  employed.  When  the  latter  is 
dissolved  in  cone,  hydrochloric  acid,  a mixture  of  chromous  and  chromic  chlorides 
is  formed. 
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§ 9.  Chromic  Oxide 

Chromium  oxidizes  when  heated  in  air  to  form  chromium  hemitrioxide, 
chromium  sesquioxide,  or  chromic  oxide,  Cr203  ; chromic  oxide  is  also  produced 
by  calcining  the  hydroxide — vide  swpra,  the  extraction  of  chromium.  The  analysis 
of  J.  J.  Berzelius  1 corresponds  with  this  formula  ; and  it  is  usually  supposed  to  be 
constituted  0=Cr— 0— Cr=0  ; although  A.  T.  Cameron  assumed  the  formula  to  be 
Cr=03=Cr.  L.  N.  Vauquelin,  H.  Moser,  J.  Persoz,  and  J.  B.  Trommsdorff  obtained 
this  oxide  by  heating  mercuric  chromate  ; it  has  a fine  green  colour  if  calcined 
out  of  contact  with  air,  but  it  has  a brown  colour  when  heated  while  exposed  to 
air.  A.  Maus  obtained  it  by  heating  ammonium  chromate  ; A.  A.  Hayes,  ammonium 
dichromate  : (NH4)2Cr207=4H20+N2+Cr203 ; J.  L.  Lassaigne,  and  H.  Moser, 
a mixture  of  potassium  chromate  and  sulphur,  and  extracting  the  soluble  products 
with  water  ; G.  C.  Wittstein,  H.  C.  Roth,  and  E.  Dieterich,  a mixture  of  potassium 
dichromate  and  sulphur ; F.  Wohler,  a mixture  of  potassium  dichromate, 
ammonium  chloride,  and  sodium  carbonate  ; R.  T.  M.  y Lima,  G.  B.  Frankforter 
and  co-workers,  a mixture  of  potassium  dichromate  and  ammonium  chloride; 
and  A.  L.  D.  d’Arian,  alkali  chromate  and  ammonium  sulphate.  According  to 

V.  H.  Roehrich  and  E.  V.  Manuel,  the  reaction  between  ammonium  chloride  and 
potassium,  dichromate,  usually  symbolized  by  R.  T.  M.  y Luna’s  equation  2NH4C1 
-f  K2Cr207=Cr203+2KCl+4H20+N2,  varies  with  the  temp,  at  which  the  mixture 
is  heated  and  the  relative  proportions  of  the  constituents  of  the  mixture.  The 
first  visible  sign  of  change  occurs  at  210°  when  the  mixture  becomes  yellowish-brown 
owing  to  the  formation  of  a chromium  dioxide  ; at  260°,  a slate-coloured  residue  is 
obtained  which  when  lixiviated  with  water  gives  greenish-black  crystals  of  a 
hydrated  chromic  oxide.  At  370°,  with  an  excess  of  ammonium  chloride,  chromium 
chloride  and  ammonia  are  formed  ; with  the  potassium  dichromate  in  excess  a 
black  residue  mixed  with  unchanged  dichromate  is  formed.  Under  different 
conditions  chlorine,  nitric  oxide,  nitrogen  peroxide  and  chromium  nitride  may  be 
formed  as  by-products.  C.  H.  Binder  obtained  chromic  oxide  by  heating  a mixture 
of  potassium  dichromate  and  starch  ; C.  H.  Humphries,  from  a mixture  of  chromium 
trioxide  and  barium  hydroxide.  R.  Bottger  inflamed  a mixture  of  picric  acid,  potas- 
sium dichromate,  and  ammonium  chloride  ; H.  Schoffer  inflamed  a mixture  of  sodium 
dichromate  and  glycerol ; W.  Carpmael  heated  an  aq.  soln.  of  an  alkali  chromate 
and  an  organic  reducing  agent — sugar,  sawdust,  etc. — above  110°,  under  press. ; 
and  E.  A.  G.  Street  obtained  it  as  a product  in  the  electrolysis  of  a soln.  of  an  alkali 
chromate  with  a mercury  cathode.  F.  Wohler,  and  J.  F.  Persoz  found  that  the 
crystalline  oxide  is  formed  when  chromvl  chloride  is  decomposed  by  heat ; 

W.  P.  Evans,  when  chromyl  fluoride  is  heated  ; E.  Fremy,  when  heated  potassium 
chromate  is  decomposed  by  chlorine  ; W.  Muller,  when  potassium  chromate  at  a 
red-heat  is  decomposed  by  hydrogen  chloride  ; Y.  Kletzinsky,  when  potassium 
chlorochromate  is  melted  ; J.  C.  Gentele,  when  potassium  dichromate  is  decomposed 
at  a high  temp.  ; R.  Otto,  when  potassium  dichromate  is  decomposed  by  hydrogen 
at  an  elevated  temp. ; A.  Ditte,  and  H.  Schiff,  when  potassium  dichromate  is 
decomposed  by  fusion  with  sodium  chloride  ; and  M.  Prud’homme,  when  potassium 
dichromate  is  heated  with  tin.  Crystals  of  chromic  oxide  are  often  produced  as  a 
kind  of  sublimate  when  mixtures  containing  chromic  oxide  are  heated  in  closed 
vessels  in  pottery  ovens.  E.  Wydler,  and  G.  F.  C.  Frick  also  described  the  prepara- 
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tioii  of  the  oxide  ; and  W.  P.  Blake  and  W.  H.  Miller  observed  its  formation  as  a 
furnace  product.  C.  Ullgren  obtained  crystals  of  the  oxide  by  decomposing 
potassium  dichromate  mixed  with  oil,  or  ammonium  chloride  and  then  raising  the 
temp,  to  a white-heat.  V.  Kohlschutter  and  J.  L.  Tuscher  obtained  highly  dispersed 
or  an  aerosol  of  chromic  oxide  by  vaporizing  the  oxide  into  a chamber  where  it  is 
suddenly  chilled. 

The  physical  properties  of  chromic  oxide. — The  colour  of  amorphous  chromic 
oxide  is  bright  green  if  it  has  been  calcined  in  a reducing  atm.,  and  it  may 
acquire  a brown  tinge  in  an  oxidizing  atm.  The  tint  of  commercial  oxides 
varies  from  brownish-green,  to  greyish-green,  to  olive-green  to  bright  grass- 
green.  This  may  be  due  to  partial  crystallization  ; to  the  grain-size  of  the 
powder  ; and  to  the  presence  of  traces  of  impurity  as  a result  of  which  the 
colour  of  a chromate  may  be  superposed  on  that  of  the  chrome-green.  The 
amorphous  chromic  oxide  obtained  from  ammonium  dichromate  is  a voluminous, 
tea-green  powder.  A very  thin  sublimate  of  chromic  oxide  is  red,  and  this  probably 
explains  the  colour  of  the  chrome-tin  pink,  1.  46,  33  ; and  of  the  ruby,  5.  33,  10. 
R.  Klemm  found  a relationship  between  the  proportion  of  chromium  in  spinel, 
corundum,  spodumene,  beryl,  chrysoberyl,  topaz,  and  zircon  and  the  depth  of 
colour.  In  all  but  zircon,  chromium  replaces  aluminium,  and  in  zircon,  it  may 
replace  silicon  or  zirconium.  Small  quantities  of  vanadium  may  take  the  place 
of  chromium.  Black  chromic  oxide,  insoluble  in  acids,  was  obtained  by  L.  Godefroy 
by  heating  the  hydrate,  Cr203.3H20  ; and  by  E.  A.  Werner,  by  heating  the  suc- 
cinate. According  to  0.  Hauser,  the  play  of  colours  of  the  variety  of  chrysoberyl 
called  alexandrite  is  produced  by  a small  trace  of  chromic  oxide.  I have  evidence 
that  the  colour  of  chrome-tin  pink  or  crimson — produced  by  a trace  of  chromic 
oxide  on  stannic  oxide  as  mordant — probably  represents  the  colour  of  the  highly 
dispersed  chromic  oxide.  The  colour  can  be  produced  by  depositing  the  vapour  of 
chromic  oxide  on  stannic  oxide  or  on  alumina.  According  to  A.  Duboin  and  others, 
the  colour  of  the  ruby  is  due  to  the  presence  of  chromic  oxide — 5.  33,  10.  The 
red  colour  of  the  so-called  chrome-tin  crimson  is  thus  equivalent  to  the  crimson 
and  purple  colour  of  the  purple  of  cassius  where  colloidal  gold  is  dispersed  on  the 
same  mordant ; and  also  equivalent  to  the  copper  red — rouge  flambe — where 
presumably  colloidal  copper  is  deposited  on  the  same  mordant.  The  chrome-tin 
crimson  has  been  discussed  by  H.  A.  Seger,  F.  Rhead,  A.  S.  Watts,  R.  C.  Purdy 
and  co-workers,  W.  A.  Hull,  W.  A.  Lethbridge,  L.  Petrik,  and  T.  Leykauf — vide 
infra,  stannic  chromate.  C.  W.  Stillwell  said  that  the  red  colour  of  rubies  is  not 
due  to  colloidal  chromic  oxide  ; that  it  is  not  due  to  higher  or  lower  oxides  of 
chromium  ; nor  to  variations  in  the  proportion  of  chromic  oxide  present.  He 
assumed  that  the  red  colour  is  due  to  a second  modification  of  chromic  oxide,  of 
the  same  crystal  structure  as  the  green  modification  and  alpha  alumina,  whose 
axial  ratio  is  nearer  to  that  of  alpha  alumina  than  is  the  axial  ratio  of  the  green 
modification.  Therefore,  the  red  modification  tends  to  form  when  chromic  oxide 
is  added  to  alpha  alumina  and  does  form  under  ordinary  conditions  up  to  a certain 
point,  beyond  which  the  effect  of  the  alumina  is  not  strong  enough  to  stabilize  it. 
The  occurrence  of  the  red  or  green  modification  depends  on  the  value  of  the  axial 
ratio  of  the  mixed  crystal.  There  is  a discontinuity  in  the  change  of  the  axial 
ratio  with  change  in  chromic  oxide  content  when  one  modification  changes  to  the 
other.  There  is  also  a marked  difference  in  the  axial  ratio  of  a mixed  crystal 
containing  the  red  form  of  chromic  oxide  and  a crystal  containing  the  same  amount 
of  chromic  oxide  in  the  green  form.  This  change  in  axial  ratio  may  be  affected  in 
two  different  ways — e.g.  by  varying  the  proportion  of  chromic  oxide,  or  by  varying 
the  nature  of  the  atm.  in  which  the  mixture  is  fused. 

L.  Blanc  showed  that  the  blue,  amorphous  oxide,  which  he  designates  a-('r203, 
is  rapidly  transformed  into  the  green,  crystalline  oxide — /3-Cr203 — at  700°.  L.  Blanc 
and  G.  Chaudron  added  that  the  exothermal  passage  of  the  blue,  precipitated 
a-Cr203  to  olive-green  jS-Cr203,  occurs  at  500°  in  air  and  at  750°  in  vacuo.  The  blue 
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oxide  absorbs  oxygen  rapidly  at  200°,  forming  Cr02  and  Cr509.  Both  these  forfn 
/S-Cr203  and  a black  oxide  at  440°,  and  if  kept  several  hours  at  350°,  a larger  pro- 
portion of  the  black  oxide  is  formed.  It  is  decomposed  at  450°-500°  yielding 
/?-Cr203.  Guignet’s  green,  or  finely  divided  /?-Cr203,  gives  the  black  oxide  on 
oxidation.  Hence  there  are  two  oxides  of  the  formula  Cr609  with  a transition  temp. 
If  the  amorphous  chromic  oxide  be  heated  in  a gas-blowpipe,  and  cooled,  E.  Fremy, 
and  M.  Z.  Jovitschitsch  said  that  the  product  is  crystalline  ; and  H.  Moissan,  also, 
by  heating  the  oxide  in  the  electric  arc-furnace.  T.  Sidot  crystallized  the  oxide  by 
heating  it  in  a current  of  oxygen  ; J.  J.  Ebelmen,  by  strongly  heating  it  with  calcium 
carbonate  and  boric  oxide  ; and  P.  Ebell,  by  dissolving  the  oxide  in  molten  glass 
at  a high  temp. — the  oxide  crystallizes  out  as  the  glass  is  slowly  cooled. 

Crystalline  chromic  oxide  forms  lustrous  black  crystals,  or  a green  powder. 
According  to  G.  Striiver,  the  trigonal  crystals  have  the  axial  ratio  a : c=l  : 1-3770, 
and  a=85°  22'.  The  crystals  were  also  examined  by  G.  Rose,  W.  H.  Miller, 
W.  P.  Blake,  and  J.  J.  Ebelmeij.  The  cleavage  on  the  (100)-face  is  well-defined. 
According  to  G.  Rose,  the  crystals  are  isomorphous  with  the  corresponding 
aluminium  and  ferric  oxides.  W.  P.  Davey  found  that  the  X-radiograms  corre- 
spond with  a diamond  lattice  except  that  the  cube  is  stretched  along  its  body- 
diagonal.  The  side  of  the  unit  triangle  is  4-745  A.  ; and  the  high  axial  ratio,  2-764, 
is  explained  by  assuming  a hexahedral  molecule  consisting  of  an  equilateral  triangle 
of  oxygen  with  a metal  atom  immediately  above  and  below  the  centre  of  the  triangle  ; 
there  are  three  molecules  per  unit  prism— 5.  33,  10.  W.  H.  Zachariasen  made 
observations  on  this  subject  and  obtained  for  the  axial  ratio  a : c=l  : 1-374  ; and 
for  the  parameter  r= 5-35  A.  L.  Passerini  gave  for  the  hexagonal  cell  a=4-950  A., 
c=6-806  A. ; with  a : c=l  : 1-374,  ,r=143-4xl0— 24  c.c.,  and  density  5-283  ; and  for 
the  rhombohedral  cell,  a=5-38  A.,  and  a=54°  50' ; whilst  P.  E.  Wretblad  gave  for 
the  hexagonal  cell,  a=4-949  A.,  c=13-57  A.,  a : c=l  : 2-7412,  and  a— 55°  11'. 
L.  Passerini,  and  V.  M.  Goldschmidt  and  co-workers  studied  the  solid  soln.  with 
alumina,  and  with  ferric  oxide  (q.v.).  W.  Muller  said  that  the  oxide  prepared  by 
reducing  potassium  chromate  with  dry — not  moist — hydrogen  chloride  is  quite 
different  from  the  ordinary  oxide,  being  greyish-green,  composed  of  tube-like 
plates  of  the  hardness  of  graphite. 

F.  Wohler  found  the  specific  gravity  of  the  crystalline  oxide  to  be  5-21  ; 
L.  Playfair  and  J.  P.  Joule  gave  4-909;  H.  Schroder,  5-010;  H.  Schiff,  6-2; 
W.  A.  Roth  and  G.  Becker,  5-20  to  5-21  at  21°  ; and  E.  Wedekind  and  C.  Horst, 
5-21  ; L.  Blanc  found  that  the  oxide  calcined  from  500°  to  800°  has  a sp.  gr.  5-033  ; 
at  820°,  5-110;  at  1080°,  5-130;  and  when  fused,  6-145.  H.  P.  Walmsley  gave 
5-238  for  the  sp.  gr.  of  the  dispersed  oxide  ; and  W.  H.  Zachariasen,  5-25,  calculated 
from  the  X-radiogram  data.  W.  Biltz  and  co-workers  found  the  mol.  vol.  of 
chromic  oxide  in  the  spinels  to  be  28-9.  F.  Wohler  found  that  crystalline  chromic 
oxide  has  a hardness  great  enough  for  it  to  scratch  quartz,  topaz,  and  hyacinth  ; 
and  G.  Rose,  and  W.  P.  Blake  found  that  it  is  as  hard  as  corundum.  O.  Ruff 
and  A.  Riebeth  discussed  the  plasticity  of  mixtures  of  the  oxide  with  water,  etc. 

H.  V.  Regnault  gave  0-1796  for  the  specific  heat  ; F.  E.  Neumann,  0-196  ; and 
H.  Kopp,  0-177  for  the  crystalline  oxide.  A.  S.  Russell  found  0-0711  for  the  sp.  ht. 
between  — 191°  and  — 80-3°  ; 0-1474,  between  — 76-5°  and  0°  ; and  0-1805,  between 
2-6°  and  49-3°  and  for  the  molecular  heat,  10-81  at  — 136°;  22-40  at  —38°  ; and 
27-4  at  26°.  J.  Maydel  discussed  some  relations  of  the  sp.  ht.  J.  J.  Berzelius, 
H.  Moissan,  and  J.  Weise  observed  that  the  precipitated  hydrated  oxide  exhibits 
calorescence  when  heated — vide  alumina,  5.  33,  10 — and  at  the  same  time  becomes 
denser,  and  less  soluble  in  acids.  W.  G.  Mixter  said  that  the  glowing  occurs 
between  500°  and  610°.  J.  J.  Berzelius,  L.  Wohler,  and  K.  Endell  and  R.  Rieke 
gave  500°  ; H.  le  Chatelier,  900°  ; L.  Blanc,  550°  to  600°  ; G.  Rothaug,  420° 
to  680°,  according  as  the  precipitate  is  pulverulent  or  granular — and  he  added 
that  particles  may  be  projected  from  the  crucible  at  this  temp.  H.  Moissan, 
H.  le  Chatelier,  and  W.  G.  Mixter  regarded  the  change  as  evidence  of  the  passage 
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from  one  allotropic  form  to  another.  L.  Wohler  found  that  the  calorescence 
is  independent  of  the  surrounding  atm.  and  the  humidity.  The  temp,  of  calores- 
cence is  lowered  by  increasing  the  quanity  of  material.  With  8 grms.  of  chromic 
oxide,  the  temp,  in  dry  hydrogen  is  530°-550°,  although  in  air  or  oxygen  it 
begins  at  425°  on  account  of  the  exothermal  decomposition  of  the  chromium 
dioxide  which  is  formed.  The  calorescence  is  hindered  by  precipitation  with 
ammonia  from  soln.  containing  sulphate,  and  favoured  by  a low  cone,  of  the  chromic 
salt  soln.  L.  Wohler  and  M.  Rabinowitsch  found  that  the  thermal  value  of  the 
calorescence  is  8 to  11  cals,  per  gram  according  as  the  oxide  is  precipitated  from 
cone,  or  dil.  soln.  The  change  to  the  sintered  oxide  by  calorescence  is  never  com- 
plete. The  oxide  formed  with  the  greatest  heat  development  is  the  best  absorbent 
for  m-nitr'obenzoic  acid.  M.  Siewert  showed  that  the  glowing  temp,  depends  on 
the  rate  of  heating ; and  L.  Wohler,  that  the  glowing  is  increased  by  conditions 
which  favour  hydrosol  formation  in  the  preparation  of  the  hydrated  oxide  ; and  it 
is  greater  in  proportion  to  the  adsorption  capacity  of  the  precipitate.  This  agrees 
with  the  hypothesis  that  the  phenomenon  is  connected  with  the  surface  area  of  the 
particles,  and  is  due  to  a sudden  decrease  in  the  large  surface  of  the  oxide  prepared 
by  precipitation.  J.  Bohm  found  that  the  X-radiograms  of  chromic  oxide  before 
and  after  the  calorescence  showed  that  the  glowing  is  attended  by  the  passage  of 
the  oxide  from  the  amorphous  to  the  crystalline  state.  E.  D.  Clark  found  that 
chromic  oxide  melts  in  the  oxy -hydrogen  blowpipe  flame  giving  ofi  white  fumes, 
but  without  reduction ; E.  Tiede  and  E.  Birnbrauer  studied  the  action  of  high 
temp,  on  the  oxide.  H.  Moissan  melted  it  in  the  electric  furnace.  C.  W.  Kanolt 
gave  1990°  for  the  melting  point  of  chromic  oxide.-  L.  Eisner  observed  that 
chromic  oxide  volatilizes  in  the  porcelain  ovens — presumably  at  1500°-1600°.  I 
have  noticed  evidence  of  its  volatilization  in  pottery  ovens  at  as  low  a temp,  as 
1050°  ; and  C.  Zengelis  obtained  evidence  of  its  volatilization  at  ordinary  temp. 
W.  R.  Mott  gave  3000°  as  an  approximation  to  the  boiling  point.  F.  Born  cal- 
culated the  dissociation  pressure  of  chromic  oxide  at  2000°  to  be  3 mm.,  and  at 
3000°,  over  760  mm.  H.  von  Wartenberg  and  S.  Aoyama  gave  for  the  partial 
press,  of  the  oxygen  at  600°  and  1130°  respectively  p0a=6-73  X 10~37  and  3-07  X 10-13. 
W.  G.  Mixter  gave  for  the  heat  of  formation  of  crystalline  chromic  oxide  (2Cr,l|02) 
=267-8  Cals. ; for  the  stable  amorphous  oxide,  266  Cals.  ; and  for  the  unstable 
oxide,  243  Cals.  H.  von  Wartenberg  gave  265-8  Cals.  ; and  W.  A.  Roth  and 
G.  Becker,  288-0  Cals.  H.  von  Wartenberg  and  S.  Aoyama  calculated  279  Cals. 
The  subject  was  discussed  by  H.  Collins. 

E.  L.  Nichols  and  B.  W.  Snow  measured  the  reflecting  power  of  chromic  oxide; 
and  M.  Luckiesh  found  that  for  light  of  wave-length  A in  p,  : 

A . . 0-44  0-48  0-54  0-56  0-60  0-64  0-70 

Light  green  .10  14  23  20  11  9 0 per  cent. 

Medium  green  7 10  17  13  7 6 5 per  cent. 


W.  W.  Coblentz  found  for  the  ultra-red  reflecting  power  : 

A 0-60  0-95  4-4  8-8  24-Op 

Reflecting  power  27  45  33  5 8 per  cent. 


and  for  the  ultra-red  emission  spectrum,  he  obtained  for  the  diffuse  reflecting 
power : 

X ...  . 0-54p  0-60p  0-95p  • 4-4p  8-8p  24-Op 

Emission  . . 24-1  27-0  46-4  32-9  5-0  8-2 

The  results  are  illustrated  by  Fig.  15,  where  the  green  oxide  furnishes  a fairly 
smooth  spectrum  with  a possible  maximum  at  5ju,  and  a depression  at  3-2/x. 
H.  Schmidt-Reps  studied  this  subject.  G.  Liebmann  found  the  emissive  power 
for  visible  red-light  between  1208°  K.  and  2000°  K.  decreases  with  decreasing  grain- 
size  ; it  is  independent  of  temp.  ; and  increases  rapidly  with  decreasing  wave- 
length— e.g.  for  green  light. 
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A.  Dufour  examined  the  flame  spectrum  ; K.  Skaupy,  the  heat  radiation  from 
the  incandescent  oxide  ; and  W.  N.  Hartley,  the  spectrum  of  the  oxide  in  the 
oxy-hydrogen  flame.  G.  H.  Hurst  showed  that  with  emerald-green  pigment  nearly 

all  the  green  rays  are  reflected  and  only  a 
small  proportion  of  other  rays,  Fig.  13, 
while  with  chrome-green  pigment,  the  green 
rays  are  reflected  nearly  in  their  full  in- 
tensity, Fig.  14,  but  there  is  also  reflected 
a portion  of  the  red,  blue,  and  violet  rays. 
Hence  the  deeper  tone  of  chrome-green  in 
comparison  with  emerald-green.  T.  Dreisch 
studied  the  ultra-red  absorption  spectrum  of 
glass  coloured  with  chrome  oxide.  R.  Robl 
observed  but  a faint  luminescence  in  ultra- 
violet light.  H.  S.  Patterson  and  R.  Whyt- 
law-Gray  studied  the  photophoresis  of 
chromic  oxide  aerosols  ; and  R.  Whytlaw- 
Gray  and  co-workers,  and  E.  Thomson 
found  that  particles  exhibiting  the  Brownian  movement  form  chains  in  an 
electrostatic  field.  C.  Doelter  observed  no  coagulation  in  radium  rays ; W.  P.  Jor- 
rissen  and  H.  W.  Woudstra  also  studied  the  phenomenon.  J.  Vrede  found  the 
oxide  to  be  of  no  use  as  a radio-detector. 

E.  Friederich  calculated  2-9  XlO9  for  the  electrical  resistance  of  a metre  of  wire 


Figs.  13  and  14. — Reflection  Spectra  of 
Emerald-green  and  Chrome-green. 


1 sq.  mm.  section. 


According  to  M.  Faraday,  and  L.  F.  Nilson  and  0.  Petters- 
son,  chromic  oxide  is  magnetic. 
S.  Meyer  found  the  magnetic 
susceptibility  to  be  X=24xl0-5 
mass  units  at  17°  ; and  E.  Moles 
and  F.  Gonzalez,  26-2  XlO-8. 
Comparative  measurements  were 
made  by  P.  Hausknecht.  E.  Wede- 
kind and  co-workers  gave  25-97 
XlO- 1 mass  units  at  16°  ; L.  Blanc 
and  G.  Chaudron  found  an  abrupt 
increase  at  880°  followed  by  a 
fall  at  900°.  G.  Chaudron  and 
H.  Forestier  observed  that  the  coeff.  of  susceptibility  of  calcined  chromic  oxide  is 
greater  than  that  of  the  uncalcined  oxide.  S.  Veil  studied  this  subject.  'K.  Honda 
and  T.  Sone  gave  : 


Fig.  15.  — Ultra  - red 
Emission  Spectrum 
of  Chromic  Oxide. 


Fig.  16. — Spectral 
Transmission  Factor 
of  Chrome  Green. 
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The  chemical  properties  of  chromic  oxide. — E.  D.  Clarke  said  that  chromic 

oxide  is  not  decomposed  by  the  oxyhydrogen  blowpipe  flame  ; and  J.  J.  Berzelius 
found  that  it  is  not  decomposed  by  hydrogen  at  a red-heat.  For  the  electroxidation 
of  chromic  oxide,  vide  chromic  acid,  etc.  According  to  R.  Saxon  traces  of  chromic 
acid  are  formed  by  the  anodic  oxidation  of  chromic  oxide  in  pure  water ; the 
addition  of  manganese  dioxide  to  the  chromic  oxide  increases  slightly  the  yield 
of  chromic  acid.  Much  more  rapid  oxidation  ensues  in  the  presence  of  calcium  or 
potassium  hydroxide  or  both.  In  soln.  of  alkali  chlorides  containing  a little 
chrome-alum,  chromic  oxide  is  rapidly  oxidized  at  the  anode  to  chromic  acid. 
K.  Fischbeck  and  E.  Einecke  found  that  powdered  chromic  oxide  is  not  perceptibly 
reduced  when  used  as  anode  in  the  electrolysis  of  2 per  cent,  sulphuric  acid. 
The  adsorption  of  hydrogen  by  the  ZnO-Cr20:J  catalyst  was  studied  by 
W.  E.  Garner  and  F.  E.  T.  Kingman  ; whilst  O.  Schmidt,  and  A.  F.  Benton 
studied  the  adsorption  of  hydrogen  by  chromic  oxide  ; and  also  the  adsorption 
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of  oxygen.  II.  N.  Warren,  and  H.  von  Wartenberg  found  that  chromic  oxide  is 
reduced  to  the  metal  by  hydrogen  at  5 atm.  press.,  and  at  2500°  ; and  E.  Newbery 
and  J.  N.  Pring,  by  hydrogen  at  2000°  and  150  atm.  press.  H.  von  Wartenberg 
and  S.  Aoyama  found  that  whereas  iron  oxides  are  reduced  at  1100°  when  pH20/pH2 
is  about  1,  this  ratio  must  be  about  0-001  for  the  reduction  of  chromic  oxide.  Hence, 
since  water  is  produced  in  the  reduction,  an  enormous  excess  of  hydrogen  would  be 
needed  to  reduce  any  quantity  of  chromic  oxide,  and  there  is  no  possibility  of  such 
a process  being  used  instead  of  the  alumino-thermic  process  for  preparing  carbon- 
free  chromium.  The  heat  of  reaction  calculated  from  these  results  agrees  with  the 
value  for  the  heat  of  formation  of  chromic  oxide  from  chromium,  and  it  is  inferred 
that  chromous  oxide  is  not  an  intermediate  stage  at  these  temp.  (600-1400°) — 
vide  supra , chromium.  H.  Moissan  found  that  when  chromic  oxide  is  heated  in 
oxygen  to  about  440°,  some  chromium  dioxide  is  formed  which  decomposes  into 
ordinary  chromic  oxide  at  a higher  temp.  According  to  L.  and  P.  Wohler,  no 
oxidation  occurs  when  chromic  oxide  is  heated  to  1220°,  and  they  suggest  that  the 
formation  of  higher  oxides  must  be  an  endothermal  process  taking  place  at  higher 
temp.  If  chromic  oxide  is  heated  along  with  potassium  sulphate  in  an  atm.  of 
oxygen  at  about  1000°,  an  equilibrium  press,  is  established,  which  increases  when 
the  temp,  is  lowered,  and  decreases  when  the  temp,  is  raised.  This  is  therefore  a 
case  of  exothermic  dissociation,  and  the  equilibrium  is  probably  : 2K2S04+Gr203 
-t-30^2K2S04+2Cr03.  The  value  of  the  equilibrium  press,  at  any  temp,  varies 
with  the  quantity  of  oxygen  already  absorbed,  probably  because  at  1000°  potassium 
sulphate  is  fused  and  keeps  the  complex  compound  in  soln.  G.  Rothaug  found 
that  the  formation  of  chromic  chromate,  5Cr203+9CM2Cr2(Cr04)3,  is  a maximum 
at  300°  and  can  be  observed  at  100°.  The  rate  of  the  oxidation  falls  rapidly  to 
400°,  and  after  that  proceeds  slowly.  R.  Schwarz  added  that  the  ignition  of  chromic 
oxide  is  best  carried  out  in  a platinum  crucible  since  the  reducing  gases  passing 
through  the  platinum  hinder  the  formation  of  the  chromic  chromate,  Cr5012. 
Chromic  oxide  is  insoluble  in  water — for  the  hydrates,  vide  infra.  The  oxide  which 
has  not  been  heated  above  the  temp,  at  which  itcaloresces  is  more  chemically  active 
than  otherwise.  Thus,  M.  Traube  and  others  showed  that  the  chromic  oxide 
obtained  at  a low  temp,  dissolves  slowly,  if  at  all,  in  acids,  but  not  so  if  the  oxide 
has  been  heated  to  a high  temp.  H.  le  Chatelier  gave  900°  as  the  temp,  at  which 
chromic  oxide  becomes  insoluble  in  acids.  A.  Mailfert  observed  that  ozone  oxidizes 
chromic  oxide.  H.  Moissan  found  that  at  400°,  moist  chlorine  reacts  with 
dry  chromic  oxide  forming  chromyl  chloride  ; and  R.  Weber  found  that  if  the  oxide 
has  been  dehydrated  below  the  temp,  of  calorescence,  it  is  easily  attacked  by  dry 
chlorine  to  form  chromyl  chloride  ; the  calcined  oxide  is  attacked  by  chlorine  at  a 
red-heat.  If  the  chromic  oxide  is  mixed  with  carbon,  and  heated  in  a current  of 
dry  chlorine,  chromic  chloride  is  formed.  H.  Moissan  observed  that  the  calcined 
oxide  is  not  attacked  by  chlorine  or  by  bromine  ; and  J.  Weise  added  that  the 
calcined  oxide  can  be  dissolved  by  hydrofluoric  acid  if  a trace  of  chromic  anhydride 
is  present.  K.  Fredenhagen  and  G.  Cadenbach  found  chromic 'oxide  to  be  indifferent 
towards  hydrofluoric  acid.  The  attack  by  chlorine  was  studied  by  R.  Wasmuth. 
0.  Ruff  and  H.  Krug  found  that  chromic  oxide  is  attacked  with  incandescence  by 
chlorine  trifluoride.  G.  Gore  observed  that  liquid  hydrogen  chloride  does  not 
dissolve  any  chromic  acid  during  6 days’  digestion. 

J.  L.  Lassaigne,  and  K.  Bruckner  found  that  chromic  oxide  is  not  attacked  by 
sulphur  vapour  at  a white-heat.  H.  Moissan  observed  that  the  oxide  which  has 
not  been  heated  to  a high  temp,  forms  chromic  sulphide  when  heated  to  440°  in  a 
current  of  hydrogen  sulphide  ; but  the  calcined  oxide  is  not  attacked  by  this  gas. 
C.  Matignon  and  F.  Bourion  observed  that  when  the  oxide  is  heated  in  a current  of 
sulphur  monochloride  and  chlorine,  chromic  chloride  is  formed  ; and  R.  D.  Hall 
obtained  a similar  product  with  sulphur  monochloride  alone.  F.  Bourion  found 
that  the  reaction  begins  at  about  400°.  G.  Darzens  and  F.  Bourion  found  that 
thionyl  chloride  at  400°  also  converts  the  chromic  oxide  into  the  chloride.  L.  and 
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P.  Wohler  observed  that  sulphur  dioxide  does  not  reduce  the  oxide  at  a red-heat ; 
and  L.  and  P.  Wohler  and  W.  Pliiddemann  studied  its  catalytic  action  in  the  oxi- 
dation of  sulphur  dioxide.  H.  P.  Cady  and  R.  Taft  found  the  oxide  to  be  insoluble 
in  liquid  sulphur  dioxide,  while  chromic  oxide  which  has  been  calcined  at  a high 
temp,  does  not  dissolve  in  sulphuric  acid.  J.  Weise  said  that  if  a trace  of  chromic 
acid  be  present,  chromic  oxide  passes  into  soln.  T.  Sabalitschka  and  F.  Bull  said 
that  fusion  with  sodium  pyrosulphate  is  the  best  way  to  bring  ignited  chromic 
oxide  into  soln. 

H.  C.  Wolterick  found  that  when  a mixture  of  nitrogen  and  hydrogen  is  passed 
over  chromic  oxide  at  550°,  a little  ammonia  is  formed,  and,  according  to 
H.  N.  Warren,  some  nitride  as  well ; 0.  Schmidt  studied  the  adsorption  of 
nitrogen  by  chromic  oxide,  and  also  of  ammonia.  J.  E.  Ashby  found  that 
heated  chromic  oxide  favours  the  combustion  of  ammonia  in  air.  D.  Maneghini 
studied  it  as  a catalyst  in  the  oxidation  of  ammonia.  F.  Ephraim  observed 
that  chromic  oxide  is  attacked  by  sodium  amide.  M.  Z.  Jovitschitsch  found 
that  chromic  oxide  dissolves  when  digested  for  10  hrs.  with  fuming  or  cone,  nitric 
acid  ; the  calcined  oxide  does  not  dissolve  in  nitric  acid  R.  Weber  found  that 
if  strongly  heated  with  phosphorus  pentachloride  chromic  oxide  furnishes  the 
chloride.  C.  Lefevre  studied  the  action  of  alkali  arsenates  on  chromic  oxide. 

J.  J.  Berzelius  found  that  chromic  oxide  at  a white-heat  is  decomposed  by 
carbon  ; and  H.  C.  Greenwood  added  that  the  reaction  begins  at  about  1180° — 
vide  supra,  chromium.  R.  E.  Slade' and  G.  I.  Higson  said  that  the  equilibrium  press, 
of  the  oxide  in  contact  with  carbon  at  1292°  is  6-2  mm.,  and  at  1339°,  9-2  mm. 
0.  Heusler  found  that  the  carbon  monoxide  press,  between  1480°  and  1801°  increases 
from  18  to  760  mm.  The  energy  consumption  for  the  liberation  of  a mol  of  carbon- 
monoxide  is  52-8  Cals.  The  equilibrium  between  886°  and  1096°  is  represented  by 
log  A=ll-375-11550p_1.  J.  F.  Gmelin,  F.  Gobel,  and  I.  L.  Bell  observed  that 
chromic  oxide  is  not  reduced  by  carbon  monoxide,  and  G.  Charpy  said  that  this 
gas  does  not  act  on  chromic  oxide  at  1000°.  K.  Chakravarty  and  J.  G.  Ghosh 
studied  its  catalytic  action  on  the  reaction  between  carbon  monoxide  and  hydrogen  ; 
and  W.  E.  Garner  and  F.  E.  T.  Kingman,  the  adsorption  of  the  gas  by  the  Zn0-Cr203 
catalyst.  O.  Schmidt,  and  A.  F.  Benton  studied  the  adsorption  of  carbon  mon- 
oxide and  of  carbon  dioxide  by  chromic  oxide  ; and  O.  Schmidt  of  ethane  and 
ethylene.  E.  Demar^ay,  and  H.  Quantin  found  that  carbon  tetrachloride  reacts 
with  chromic  oxide  at  a red-heat  forming  chromic  chloride,  phosgene,  and  carbon 
dioxide.  P.  Camboulives  said  that  the  reaction  occurs  at  580°.  H.  Rose  observed 
that  carbon  disulphide  at  a white-heat  forms  chromic  sulphide  ( q.v .).  A.  Kutzelnigg 
observed  no  oxidizing  action  on  a soln.  of  potassium  ferrocyanide.  J.  Milbauer 
found  that  molten  potassium  thiocyanate  forms  the  sulpho-salt  K2Cr2S4. 
J.  E.  Ashby,  J.  R.  Huffmann  and  B.  F.  Dodge,  W.  E.  Garner  and  F.  E.  T.  Kingman, 
W.  A.  Lazier,  and  H.  H.  Storch  observed  the  catalytic  action  of  chromic  oxide  in  the 
oxidation  of  alcohol,  ether,  and  volatile  oils.  W.  Eidmann  found  chromic  oxide  to 
be  insoluble  in  acetone  ; and  H.  Bodenbender  found  it  to  be  soluble  in  a soln.  of 
calcium  sucrate — a litre  of  a soln.  containing  418-6  grms.  of  sugar  and  34-3  grms.  of 
calcium  oxide  dissolves  1-07  grms.  Cr203  ; a litre  of  a soln.  containing  296-5  grms.  of 
sugar  and  24-2  grms.  of  calcium  oxide  dissolves  0-56  grm.  of  Cr203  ; and  a 
litre  of  a soln.  with  174-4  grms.  of  sugar  and  14-1  grms.  of  calcium  oxide  dissolves 
020  grm.  of  Cr203.  A.  Lowenthal  studied  its  catalytic  action  in  the  oxida- 
tion of  hydrocarbons  and  alcohol ; L.  J.  Simon,  the  oxidation  of  organic  substances  ; 
M.  R.  Fenske  and  P.  K.  Frolich,  the  formation  of  alcohol  from  carbon  monoxide 
and  hydrogen  ; J.  R.  Hoffman  and  B.  F.  Dodge,  the  formation  and  decomposition 
of  methanol ; and  A.  E.  Tschitschibabin,  the  reaction  between  ammonia  and 
acetylene.  The  use  of  chromic  oxide  as  a mordant  in  the  dyeing  of  wool,  cotton, 
and  silk  was  discussed  by  L.  Liechti  and  J.  J.  Hummel,  and  W.  D.  Bancroft.  The 
last-named  said  that  from  dichromate  soln.  wool  first  adsorbs  chromic  acid  and  this 
is  reduced  to  chromic  oxide,  which  is  the  true  mordant ; within  limits,  increasing 
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the  acid  cone,  increases  the  chromic  acid  taken  up  ; chromic  acid  oxidizes  organic 
compounds  more  readily  in  presence  than  in  absence  of  wool ; when  wool  is 
mordanted  with  chrome  alum,  a basic  sulphate  changing  later  to  chromic  oxide  is 
first  formed  ; silk  adsorbs  chromic  oxide  less  strongly  than  wool  does  ; cotton  takes 
up  scarcely  any  chromic  oxide  from  chrome  alum,  but  adsorbs  it  from  an  alkali 
soln.  ; there  is  no  evidence  of  the  formation  of  any  definite  compound  when  wool 
is  mordanted  with  chromic  oxide.  A.  W.  Davison  discussed  the  adsorption  of 
chromic  oxide  by  leather  ; H.  Rheinboldt  and  E.  Wedekind,  the  adsorption  of 
organic  dyes  by  chromic  oxide. 

A.  Fodor  and  A.  Reifenberg  found  that  silicic  acid  peptizes  ignited  chromic 
oxide  forming  a colloidal  soln.  W.  Guertler  showed  that  the  oxide  is  slightly 
soluble  in  molten  boric  oxide  producing  a green  coloration.  S.  Kondo,  and 
C.  E.  Ramsden  examined  the  solubility  of  chromic  oxide  in  pottery  glazes.  The 
reducing  action  of  boron  on  heated  chromic  oxide  was  observed  by  A.  Binet  du 
Jassonneix ; of  silicon,  by  B.  Neumann,  and  P.  Askenasy  and  C.  Ponnaz. 
L.  Kahlenberg  and  W.  J.  Trautmann  observed  that  when,  mixed  with  silicon, 
there  is  no  reaction  if  heated  by  a bunsen  burner,  a slight  reaction  at  a cherry- 
red  heat,  and  a good  reaction  in  the  electric  arc.  E.  N.  Bunting  studied  the  binary 
system  of  chromic  oxide  and  silica.  H.  von  Wartenberg  and  H.  Werth  found  that 
when  heated  with  zirconia,  no  compound  is  formed,  but  a eutectic  appears  at  about 
2200°  with  about  50  per  cent,  of  chromic  oxide. 

The  reducing  action  of  potassium  and  sodium  was  observed  by  J.  J.  Berzelius ; 
of  calcium,  by  A.  Burger ; of  magnesium,  by  J.  Parkinson,  and  L.  Gattermann — vide 
supra,  chromium  ; of  aluminium — vide  supra,  chromium  ; and  the  colouring  effect 
on  glass  by  K.  Fuwa.  For  the  action  of  metal  oxides,  vide  infra,  the  chromites. 
H.  D.  Rankin  got  chromite  into  soln.  by  heating  it  to  redness  and  afterwards  treating 
it  with  alkali-lye  under  press.  • H.  Schiff  found  that  chromic  oxide  is  attacked  with 
difficulty  by  fused  potassium  nitrate.  According  to  J.  von  Liebig  and  F.  Wohler, 
E.  Bohlig,  and  F.  H.  Storer,  chromic  oxide  is  attacked  and  oxidized  by  fused 
potassium  chlorate,  hydrosulphate,  and  permanganate ; by  any  suitable  base 
in  the  presence  of  air  or  oxygen ; and  by  lead  dioxide,  or  manganese  dioxide  in 
the  presence  of  sulphuric  acid.  For  the  action  of  permanganates,  vide  the  per- 
manganates. T.  Sabalitschka  and  F.  Bull  said  that  chromic  oxide  is  incompletely 
soluble  in  fused  potassium  pyrosulphate  ; to  open  the  oxide  up  for  analysis,  it  is 
preferable  to  fuse  the  substance  with  a mixture  of  2 parts  of  sodium  carbonate  and 
1 part  of  potassium  nitrate  for  10  min.  The  mass  is  dissolved  in  water  and  the 
insoluble  residue  fused  with  pyrosulphate.  F.  Hans  found  that  chromic  salts  are 
oxidized  by  silver  salts  in  accord  with  Cr203+3Ag20=2Cr03-f  6Ag.  J.  Hargreaves 
and  T.  Robinson  found  that  when  mixed  with  alkali  chloride,  and  heated  in  air  or 
oxygen,  chlorine  is  evolved,  and  in  moist  air,  hydrogen  chloride. 
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§ 10,  Hydrated  Chromium  Oxides.  Chromium  Hydroxide 

Some  of  the  chrome  ochres — 6.  40,  49 — contain  hydrated  chromic  oxide. 
According  to  W.  Ipatieff  and  A.  Kisseleff,1  if  2iV-H2Cr04  at  240°-300°  be  exposed 
to  hydrogen  at  150°  to  180°  atm.  press.,  a heavy,  greyish-violet,  slightly  crystalline 
precipitate  of  chromic  oxyhydroxide,  Cr203.H20,  or  CrO(OH),  is  formed ; if  in 
25  c.c.  of  soln.,  4 c.c.  of  -iV-H2S04  be  present,  in  a gold  tube,  a similar  violet-grey 
precipitate  is  formed  at  300°  to  325°  ; and  in  a quartz  tube,  the  crystals  are  green, 
and  cubic.  If  more  sulphuric  acid  is  present,  at  300°,  and  180  to  200  atm.  press., 
two  kinds  of  crystals  are  formed.  According  to  W.  Ipatieff  and  B.  Mouromtseff, 
a nitric  acid  soln:  of  chromic  nitrate  when  exposed  to  hydrogen  at  320°-360°, 
under  a press,  of  200-370  atm.,  for  12-24  hrs.,  gives  monohydrated  chromium 
oxide  closely  resembling  chrome  ochre.  If  air  is  used  in  place  of  hydrogen,  smaller 
crystals  are  obtained  and  the  separation  is  not  quantitative,  a portion  of  the  oxide 
being  converted  into  chromic  acid.  Small  amounts  of  dark  red  crystals  are  also 
occasionally  obtained.  According  to  J.  B.  Trommsdorff,  if  soln.  of  chromic  salts 
are  treated  with  alkali  hydroxides,  or  aq.  ammonia,  it  is  best  to  work  with  boiling 
soln.  It  is  difficult  to  wash  the  precipitated  hydrated  chromic  oxide  free  from 
adsorbed  salts.  The  product  has  been  called  chromic  hydroxide,  Cr(OH)3,  but 
it  is  generally  supposed  to  be  a colloidal  hydrated  oxide  of  less  definite  composi- 
tion. 0.  Ruff  and  B.  Hirsch  studied  the  fractional  precipitation  of  chromic 
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hydroxide  in  the  presence  of  salts  of  other  metals.  S.  Hakomori  said  that  the 
reason  ammonia  does  not  precipitate  hydrated  chromic  oxide  in  the  presence  of 
tartaric  acid  is  because  a complex  salt  is  formed ; and  not  in  the  presence  of 
glycerol,  because  of  colloidal  phenomena  induced  by  the  high  viscosity  of  the  soln. 
The  complex  tartrate-ions  were  studied  by  K.  Jellinek  and  H.  Gordon. 

J.  J.  Berzelius  obtained  a similar  product  by  boiling  a mixed  soln.  of  potassium 
chromate  and  pentasulphide  ; G.  F.  C.  Frick,  by  boiling  a soln.  of  potassium 
chromate  with  sulphur ; G.  Losekann,  by  the  action  of  hydrogen  sulphide  on  an 
alkaline  soln.  of  a chromite  oxide  ; H.  Baubigny,  by  the  action  of  hydrogen 
sulphide  on  a soln.  of  potassium  dichromate  ; J.  Casthelaz  and  M.  Leune,  by  the 
action  of  zinc  hydroxide,  carbonate,  or  sulphide,  or  of  aluminium  hydroxide,  or 
of  zinc  in  a feebly  acid  soln.  of  green  chromic  chloride  ; and  K.  Seubert  and 
A.  Schmidt,  by  the  slow  action  of  magnesium  on  a warm  soln.  of  a chromic  salt. 
P.  A.  Thiessen  and  B.  Kandelaky  prepared  the  hydroxide  free  from  adsorbed 
electrolytes  by  the  hydrolysis  of  chromic  ethylate : 2Cr(0C2H5)3-f-6H20 

=Cr203.3H20-i-6C2H50H.  A.  Simon  and  co-workers  used  P.  A.  von  Bonsdorff’s 
process  for  hydrated  alumina,  and  treated  a soln.  of  the  hydroxide  in  soda-lye 
with  freshly  precipitated,  hydrated  oxide,  and  after  washing  with  water,  and 
drying  with  acetone  obtained  a product  with  Cr203.5-68H20.  B.  Schwarz 
obtained  the  hydroxide  by  the  hydrolysis  of  chromites.  Y.  Ipateeff  produced 
crystals  of  the  hydrated  oxide  by  heating  soln.  of  the  salts  at  high  temp,  and  press. 
A.  C.  Becquerel  obtained  crystals  of  the  hydroxide  by  suspending  a parchment 
paper  tube  containing  a cone.  soln.  of  potassium  aluminate  in  a soln.  of  chromic 
chloride.  J.  Feree  obtained  what  he  regarded  as  a monohydrate  Cr203.H20,  or 
Cr(0H)0,  as  a black,  amorphous  powder  by  the  electrolysis  of  a neutral  soln.  of 
chromic  chloride  with  a platinum  cathode.  This  subject  has  been  previously 
discussed  in  connection  with  R.  Bunsen’s,  and  J.  Yoisin’s  observations  on  the 
electro-deposition  of  chromium.  G.  B.  Frankforter  and  co-workers  heated  a 
mixture  of  potassium  dichromate  and  ammonium  chloride  to  260°  and  obtained  a 
slate-coloured  residue  which,  on  lixiviation  with  water,  left  small,  greenish-black, 
iridescent  spangles  of  what  has  been  thought  to  be  a diliydrate,  Cr203.2H20,  or 
Cr2(H0)0. 

Analyses  of  the  hydrates  of  chromic  oxide  vary  very  much.  According  to 
M.  Siewert,  the  precipitate  which  has  stood  for  some  hrs.  in  air  at  45°  for  3 hrs. 
has  5-9  H20  ; 3 hrs.  at  100°,  5-2H90  ; 4 hrs.  at  100°,  4-8H20  ; 2 hrs.  at  105°, 
4-2H20  ; 2 hrs.  at  150°,  3-2H20  ; 5 hrs.  at  200°,  2-3H?0  ; and  6 days  at  220°, 
1-1 H20.  L.  Schaffner  obtained  for  the  ammonia-precipitate  dried  over  sulphuric 
acid,  6H20  ; and  dried  at  100°,  5H20  ; the  alkali-precipitate  dried  at  100°,  4H20. 
A.  J.  W.  Forster  gave  for  the  air-dried,  ammonia-precipitate  Cr203.8H20. 
E.  Fremy  found  for  the  potash-precipitate  obtained  in  the  cold,  and  dried  in  air, 
9H20,  and  that  obtained  from  a boiling  soln.,  and  dried  in  air,  8H20.  J.  Lefort, 
and  A.  Schrotter  obtained  similar  data.  C.  F.  Cross  represented  the  composition  of 
the  precipitate  dried  at  100°  by  Cr203.4H20,  and  after  standing  in  air  sat.  with 
moisture,  Cr203.7H20,  and  after  heating  to  dull  redness,  Cr203.3H20. 
M.  Prud’homme  gave  Cr203.5H20  for  the  precipitate  dried  at  100°.  G.  Wyrouboff 
gave  Cr203.8H20  for  the  precipitate  dried  over  sulphuric  acid,  and  Cr203.6H20 
when  dried  at  110°.  According  to  H.  Lowel,  the  red-coloured  ammonia-precipitate 
which  dissolves  in  ammonia  forming  a red  soln.  is  a different  hydroxide  from  the 
bluish  violet-coloured  hydroxide,  and  this  again  is  different  from  the  green-coloured 
hydroxide.  J.  Lefort,  E.  Fremy,  and  J.  M.  Ordway  also  regarded  the  differently 
coloured  hydroxides  as  isomers.  According  to  A.  Recoura,  chromic  hydroxide  exists 
in  three  different  molecular  conditions.  The  first  is  obtained  by  precipitating 
a soln.  of  either  variety  of  chromic  chloride  or  of  any  violet  chromium  salt  with  an 
eq.  quantity  of  sodium  hydroxide.  If  treated  with  hydrochloric  acid  immediately 
after  precipitation,  it  combines  with  6 mols.  of  HC1  with  the  development  of  41-4 
cals.  The  second  variety  is  obtained  by  precipitating  the  oxychloride  0^01*0 
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with  4 mols.  of  sodium  hydroxide.  Immediately  after  precipitation,  it  combines 
with  4 mols.  of  hydrochloric  acid  only,  with  development  of  24-2  cals.  The 
subsequent  addition  of  a further  quantity  of  2 mols.  of  acid  produces  no  thermal 
disturbance.  The  third  form  is  obtained  when  either  of  the  preceding  varieties 
is  dissolved  in  the  necessary  excess  of  soda-lye  (18  mols.  in  the  first  case,  6 mols. 
in  the  second),  and  reprecipitated  by  neutralizing  the  excess  of  alkali.  It  combines 
with  only  4 mols.  of  hydrochloric  acid,  with  development  of  20-0  cals.  A.  Colson 
assumed  that  there  are  hydroxides  corresponding  with  the  green  and  violet 
sulphates.  He  supposed  that  the  green  sulphate  corresponded  with 

(OH),=Cr— O— Cr=(OH)2 

(OH)2=Cr— 0— Cr=(OH)2 

This  formulation  for  hydrated  chromic  oxide — i.e.  Cr4(OH)8O2.10H2O,  or 
Cr4(OH)10-0-9H2O- — was  favoured  by  M.  Z.  Jovitschitsch.  G.  Wyrouboff  supposed 
the  violet  hydroxide  is  constituted  Cr2(OH)6,  and  the  other  hydroxide 
Cr2(OH)4(OH)2,  or  Cr20(0H)2,  where  the  two  OH-groups  can  function  as  an  acid. 
Although  J.  J.  Berzelius  assumed  that  the  oxides  precipitated  from  violet  and 
green  soln.  of  chromic  chloride  are  isomers  because  they  gave  the  soln.  the  original 
colour  when  dissolved  in  acids,  yet  the  observations  of  A.  Recoura  indicate  that 
the  hydrated  oxides  from  differently  coloured  soln.  are  the  same  in  chemical 
structure.  The  individual  variation  depends  on  differences  in  the  physical  character 
of  the  particles.  The  rate  of  precipitation  was  shown  by  J.  Casthelaz  and  M.  Leune, 
and  H.  B.  Weiser  to  have  a marked  effect  on  the  colour.  When  slowly  pre- 
cipitated, the  oxide  is  dark  green  and  granular,  and  when  rapidly  precipitated 
greyish-blue  and  gelatinous.  P.  Bary  and  J.  V.  Rubio  found  that  the  dried 
hydroxide  is  heterogeneous,  for  it  contains  two  products.  R.  Fricke  and  F.  Wever 
could  detect  no  evidence  of  crystal  structure  by  X-radiograms. 

N.  Bjerrum  measured  the  potential  of  the  hydrogen  electrode  immersed  in 
soln.  of  chromic  chlorides,  and  inferred  that  the  violet  chromic  chloride  is  pro- 
gressively hydrolyzed,  CrCl3->CrCl2(OH)->Cr(OH)2Cl->Cr(OH)3.  He  considered 
that  freshly  precipitated  chromic  hydroxide,  Cr(OH)3,  is  a well-defined  chemical 
compound  with  a solubility  product  of  4-2  xlO~16  at  0°  and  5-4xl0~ 16  at  17°. 
On  the  other  hand,  J.  M.  van  Bemmelen  observed  that  the  bluish  colloid,  prepared 
by  treating  a dil.  soln.  of  a chromic  salt  with  ammonia  at  the  ordinary  temp,  or 
at  100°,  contains  originally  11  mols.  H20  ; after  exposure  to  the  air  at  15°  it 
contains  7-8  to  8 mols. ; but  after  keeping  for  14  days  in  an  atm.  sat.  with  moisture 
the  quantity  of  water  rises  to  13-2  mols.,  and  after  exposure  to  dry  air  it  falls  to 
7-0  mols.  When  heated  in  the  air  at  temp,  increasing  from  45°  to  200°,  the  amount 
of  water  falls  from  5-9  to  2-3  mols.,  and  the  colour  changes  to  a dirty  green.  The 
results  obtained  on  heating  at  temp,  varying  from  15°  to  100°  (i)  in  a sat.  atm.,  (ii)  in 
ordinary  air,  and  (iii)  in  dry  air,  until  the  weight  is  constant,  show  that  at  every 
temp,  equilibrium  is  established  between  the  vap.  press,  of  the  colloid  and  that 
of  water  at  the  same  temp.  At  65°  and  at  100°,  it  retains  more  water  in  a sat. 
atm.  than  at  15°  and  65°  respectively  in  a dry  atm.  After  having  been  heated 
at  from  15°  to  100°  in  dry  air,  its  absorptive  power  is  only  slightly  diminished, 
and  at  higher  temp,  it  retains  more  water  than  colloidal  silica,  alumina,  stannic 
acid  or  ferric  oxide  at  the  same  temp.,  but  the  higher  the  temp,  to  which  it  has 
been  exposed,  the  more  insoluble  it  becomes  in  acids  and  especially  in  alkalies. 
He  therefore  inferred  that  colloidal  chromic  oxide  has  no  definite  composition 
at  any  temp,  between  15°  and  280°.  This  conclusion  was  confirmed  by  A.  L.  Baykoff, 
and  H.  B.  Weiser.  R.  Fricke  examined  the  X-radiogram  of  the  hydroxide.  S.  Veil 
studied  the  effect  of  chromic  hydroxide  on  the  decomposition  of  hydrogen  dioxide. 
H.  J.  S.  King  prepared  chromic'pentamminohydroxide,  Cr(OH)3.5NH3,  or  chromic 
hydroxypentamminohydroxide,  [Cr(NH3)5(OH)](OH)2,  by  triturating  chromic 
chromopentamminochloride  with  moist  silver  oxide,  as  indicated  by  O.  T.  Christen- 
son. Similar  results  were  obtained  by  using  chromic  aquopentamminochloride. 
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L.  Havestadt  and  R.  Fricke  studied  the  dielectric  constant.  The  electrical  con- 
ductivity, /z  mhos,  for  soln.  with  a mol  of  the  salt  in  v litres  of  water  at  0°,  and  the 
calculated  percentage  degree  of  ionization,  a,  are  : 
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Hydrated  chromic  oxide  can  be  obtained  in  various  shades  of  colour  ranging 
from  a clear  greyish-blue  to  a dark  green.  Some  of  these  are  utilized  as  permanent 
pigments.  The  so-called  Guignet’s  green  has  attracted  some  attention.  This 
vivid,  green  pigment  was  prepared  by  E.  Guignet  by  heating  a mixture  of  potassium 
dichromate  with  three  times  its  weight  of  boric  acid,  digesting  the  product  with 
water,  and  washing  it  with  water.  Modifications  of  the  process  were  described 
by  A.  Salvetat,  M.  Poussier,  and  A.  Scheurer-Kestner  ; L.  Wohler  and  W.  Becker, 
in  agreement  with  A.  Scheurer-Kestner,  said  that  boron  is  without  influence  on 
the  colour,  and  that  the  trace  of  boron  present  is  derived  from  the  chromium 
borate  first  formed  and  subsequently  hydrolyzed.  If  ammonium  dichromate 
is  employed  in  place  of  potassium  dichromate,  not  a trace  of  boron  remains  after 
the  washing,  and  when  dried  at  110°,  the  product  has  the  composition  2Cr203.3H20, 
or  Cr403(0H)6,  ascribed  to  it  by  A.  Scheurer-Kestner,  and  E.  Guignet.  A.  Salvetat 
gave  Cr303.2H20  ; A.  Eibner  and  0.  Hue,  2Cr203.5H2O ; and  M.  Shipton  con- 
sidered it  to  be  a borate,  3Cr203.B203.4H20.  According  to  L.  Blanc,  Guignet’s 
green  is  not  a hydrate,  but  very  finely-divided  chromic  oxide,  which,  when  heated 
in  air,  or  treated  with  chromic  acid,  forms  /?-Cr509.  L.  Wohler  and  J.  Dierksen 
observed  that  when  the  green  is  produced  by  fusing  potassium  dichromate  with 
boric  acid,  the  failure  to  convert  the  dull  olive-green  to  the  brilliant  green  pigment 
by  heating  with  water  under  press,  supported  the  view  that  the  complex  Cr203.3B203 
is  responsible  for  the  colour,  but  boric  oxide  is  not  a necessary  constituent  of  the 
bright  green.  They  suggest  that  the  bright  green  has  a gel-structure  ; X-radio- 
grams  show  that  a lattice  structure  is  absent.  The  reduction  of  the  amount  of 
water  in  chromium  hydroxide  gels  with  an  increase  in  the  size  of  particles  pro- 
gressively increases  the  brilliancy  of  the  product.  Boric  acid  and  silicic  acid 
are  effective  in  producing  the  required  flocculation.  The  vap.  press,  of  brilliant 
flocculated  hydroxides  is  greater  than  that  of  the  dull  non-flocculated  hydroxides 
of  the  same  water-content.  L.  Blanc  and  G.  Chaudron  found  that  Guignet’s 
green  yields  a black  oxide,  Cr509,  when  heated.  L.  Wohler  and  W.  Becker 
said  that  a green  pigment  resembling  Guignet’s  green  can  be  obtained  by  heating 
the  ordinary  oxide  with  water  under  press,  at  180°  to  250°.  The  composition 
approximates  2Cr203.3H20.  Whilst  Guignet’s  green  has  a vap.  press,  of  13  mm. 
at  75°,  16  mm.  at  81°,  and  26  mm.  at  86°,  the  greyish-violet  chromium  hydroxide, 
which  has  the  same  composition,  is  found  to  have  a vap.  press,  of  only  2 mm.,  not 
increasing  between  75°  and  93-4°.  This  small  vap.  press,  may  result  from  the 
presence  of  moisture.  These  differences  and  the  difference  in  colour  of  the  two 
hydrates  are  ascribed  to  isomerism.  The  greyish-violet  hydroxide  is  converted 
into  its  brilliant  green  isomeride  on  prolonged  heating  with  water  at  250°. 
H.  B.  Weiser  added  that  the  amorphous,  hydrated  oxide,  obtained  by  precipita- 
tion, loses  water  continuously,  and  while  it  may  be  possible  to  dry  the  pigment 
under  conditions  such  that  the  composition  may  be  expressed  by  a single  formula, 
yet  this  does  not  prove  that  a true  hydroxide  is  formed.  There  is  no  evidence 
of  an  inversion  temp,  in  the  passage  from  one  coloured  variety  to  that  of  another 
colour  ; and  H.  B.  Weiser  observed  that  when  a soln.  of  chromic  chloride  is  treated 
with  just  enough  sodium  hydroxide  for  complete  precipitation  the  precipitate 
obtained  at  0°  is  greyish-blue  ; that  at  50°,  greenish- blue  ; that  at  100°,  bluish- 
green  ; that  at  150°,  green  with  a bluish  tinge  ; that  at  200°,  clear  green  ; and 
that  at  200°-325°,  bright  green.  The  time  of  heating  was  30  min.  except  in  the 
last  case  when  the  heating  occupied  15  hrs.  Hence  the  colour  varies  continuously 
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from  greyish-blue  to  clear  green  as  the  temp,  of  precipitation  rises  ; this  shows 
that  the  colours  are  not  due  to  isomers,  but  rather  to  differences  in  the  sizes  of 
the  particles,  the  structure  of  the  mass,  and  to  the  amounts  of  water  enclosed 
under  different  conditions  of  formation.  As  the  temp,  of  precipitation  rises,  the 
oxide  becomes  less  gelatinous,  less  soluble  in  acids,  and  less  readily  peptized  by 
alkalies.  For  the  solubility  of  chromic  hydroxide  in  alkali-lye,  vide  infra,  chromites. 

Hydrated  chromic  oxide  freshly  precipitated  from  cold  soln.  of  a chromic 
salt  by  an  alkali  hydroxide  or  ammonia,  is  readily  soluble  iu  acids,  and  readily 
peptized  by  alkali  hydroxides.  The  hydrated  oxide,  however,  gradually  suffers 
a change  in  physical  character  on  ageing,  and  it  then  becomes  far  less  soluble 
and  far  less  chemically  active.  The  process  of  ageing  is  attended  by  the  growth 
of  aggregates  of  the  primary  colloidal  particles.  The  velocity  of  change  is  acceler- 
ated by  raising  the  temp.,  or  by  the  use  of  a medium  with  a slight  solvent  action. 
A.  Recoura  measured  the  molar  heat  of  soln.  in  hydrochloric  acid  with  an  oxide 
precipitated  by  adding  an  acid  to  a colloidal  soln.  in  alkali -lye,  and  kept  for  definite 
intervals  of  time.  Thus,  the  mol.  ht.  of  soln.  in  cals,  of  the  freshly  precipitated 
oxide  is  20-70  ; when  kept  10  min.,  19-0  cals. ; 1 hr.,  5-80  cals.  ;•  2 hrs.,  3-90  cals.  ; 
4 hrs.,  2-85  cals.  ; 7 hrs.,  2-40  cals.  ; 1 day,  1-75  cals. ; 7 days,  1-20  cals. ; 30  days, 
0-75  cal.  ; and  60  days,  0-50  cal.  F.  Bourion  and  A.  Senechal  observed  that  the 
rate  at  which  hydrated  chromic  oxide  reduces  hydro- 
gen dioxide  becomes  less  on  standing.  The  reaction 
appeared  to  be  quadrimolecular  for  the  first  8 hrs., 
due,  it  was  supposed,  to  the  transformation  of  the 
original  oxide  into  complexes,  so  that  the 'soluble  and 
insoluble  varieties  represent  definite  allotropic  forms. 

R.  Fricke  and  O.  Windhausen  attributed  the  ageing 
to  an  increase  in  the  size  of  the  particles,  and  showed 
that  it  is  not  due  to  dehydration,  or  to  the  develop- 
ment of  a microcrystalline  structure.  R.  Fricke  and 
co-workers  observed  no  evidence  of  a crystalline 
structure  in  the  ageing  of  hydrated  chromic  oxide. 

A.  Simon  and  co-workers  studied  the  vap.  press,  of 
the  hydrated  oxide.  The  continuous  curve,  Fig.  17, 
was  obtained  with,  a preparation  precipitated  by 
ammonia,  washed  with  water  at  60°,  then  with 
acetone,  and  dried  in  air.  Its  composition  approxi- 
mated Cr203.6-68H20.  This  curve  shows  a slight  flattening  with  the  tri-  and 
mono-hydrate.  The  other  curve  is  obtained  with  a specimen  precipitated  by 
hydrazine,  washed,  and  dried  over  sulphuric  acid  in  vacuo  for  8 weeks  when  its 
oemposition  was  Cr203.4-87H20.  The  formation  of  the  tri-  and  mono-hydrates 
is  clearly  shown. 

M.  Siewert  showed  that  when  the  hydrated  oxide  is  heated  to  200°,  in  air,  it 
takes  up  oxygen  forming  a black  powder  of  variable  composition,  and  it  is  regarded 
as  a mixture  of  chromic  oxide,  chromic  anhydride,  and  water.  M.  Kruger  first 
observed  the  tendency  of  the  hydrated  oxide  to  take  up  oxygen  when  heated. 
A.  Geuther  showed  that  when  the  hydrated  oxide  is  deposited  on  the  negative 
pole,  it  is  liable  to  form  chromic  anhydride  by  taking  up  oxygen.  M.  Z.  Jovitschitsch 
found  that  hydrated  chromic  oxide  readily  absorbs  carbon  dioxide  from  the 
atm.  forming  [Cr2(0H)5]2C03.8H20.  The  light  grey  hydrated  chromic  oxide 
which  is  precipitated  with  small  quantities  of  ammonium  hydroxide  dissolves 
in  an  excess  of  ammonia  to  form  a ruby-red  soln.  whose  solubility  is  affected 
by  the  presence  of  ammonium  salts.  If  the  red  soln.  is  kept  for  some  time, 
M.  Z.  Jovitschitsch  observed  that  violet-blue  chromium  diamminohydroxide, 
Ci-2(OH)6.(NH3)2.10H2O,  is  precipitated ; it  readily  absorbs  carbon  dioxide. 

A.  Recoura  gave  for  the  heat  of  neutralization  of  hydrated  chromic  oxide  with 
hydrochloric  acid  ^Cr(OH)3=6-865  Cals.  ; E.  Petersen,  with  hydrofluoric  acid, 


1 — 

w. 

Vo- 

\oo 

1 

\ ^ 

\ 

. \ <55. 

NX.  ( 

gT" 

Fig.  17. — The  Vapour  Pres- 
sure of  Hydrated  Chromic 
Oxides. 


190 


INORGANIC  AND  THEORETICAL  CHEMISTRY 


8-39  Cals.  ; and  M.  Berthelot,  with  sulphuric  acid,  |H2S04,  8-22  Cals.  W.  Pauli 
and  E.  Yalko  studied  the  conductivity  and  activity  coeff.  H.  R.  Robinson  and 
C.  L.  Young  studied  the  absorption  frequency  of  the  K -series  of  X-ray  spectrum. 
L.  Havestadt  and  R.  Fricke  studied  the  dielectric  behaviour  of  the  hydroxide ; 
and  H.  R.  Robinson  and  C.  L.  Young,  the  X-ray  absorption  frequencies.  F.  Bourion 
and  A.  Senechal  found  that  the  paramagnetism  of  an  alkaline  soln.  of  chromic 
oxide  diminishes  slowly  with  time,  but  the  diminution  is  small,  and  never  exceeds 
20  per  cent.  S.  Veil  found  that  the  magnetic  properties  of  chromic  hydroxide  are 
decreased  by  heating  it  with  water  in -a  sealed  tube  between  120°  and  210° ; and 
another  12  hrs.’  treatment  has  little  effect,  but  when  the  hydroxide  is  dissolved 
in  hydrochloric  acid,  and  reprecipitated,  the  modified  magnetism  persists  and  a 
further  change  occurs  by  a similar  treatment  with  hot  water.  T.  Ishiwara  found 
the  magnetic  susceptibility  at  15-7°  to  be  66-2  xl0~6  mass  units,  and  at  —68-3°, 
110-5  xlO-6  mass  units.  P.  Hausknecht,  and  E.  Wedekind  and  W.  Albrecht 
observed  that  the  magnetic  susceptibility  of  Cr(OH)3  is  greater  than  that  of  the 
corresponding  oxide,  in  agreement  with  the  assumption  that  the  hydroxide  is  a 
chemical  individual.  S.  Veil  found  that  the  magnetic  properties  of  chromic 
hydroxide  fall  to  a lower  limiting  value  on  repeated  precipitation  from  hot  soln. 

T.  Graham  prepared  a positive  colloidal  solution  of  hydrated  chromic  oxide 
by  peptizing  the  freshly  precipitated  oxide  with  chromic  chloride,  and  dialyzing 
the  liquid  to  remove  the  excess  of  electrolyte.  The  dark  green  soln.  can  be  diluted 
with  water  or  heated,  but  it  is  readily  flocculated  by  electrolytes.  In  continuous 
dialysis,  the  diffused  liquid  was  kept  at  a constant  level  and  not  changed  during  the 
process,  whereas  in  intermittent  dialysis,  the  diffusate  was  continuously  changed 
at  the  rate  of  800  c.c.  per  hour.  M.  Neidle  and  J.  Barab  found  that  some  colloidal 
particles  do  diffuse  through  the  parchment  membrane ; although  W.  Biltz,  and 
H.  W.  Fischer  and  W.  Herz  observed  no  such  diffusion.  In  the  dialysis  of  hydrated 
chromic  oxide  in  a soln.  of  chromic  chloride,  the  ratio  ^Cr : Cl  in  the  diffusate, 
with  intermittent  dialysis,  is  always  greater  than  unity,  and  this  the  more  the 
longer  the  period  of  dialysis  for  the  same  diffusate.  In  continuous  dialysis,  the 
ratio  JCr  : 01  in  the  diffusate  increases  from  unity  to  a maximum  of  1-57,  and  then 
gradually  diminishes  towards  zero.  In  intermittent  dialysis,  about  6 per  cent, 
of  the  original  colloid  is  still  associated  with  considerable  electrolyte,  and  it  remains 
in  the  membrane  at  the  end  of  56  days  ; but  the  colloid  still  diffuses  so  that  by 
continuing  the  process,  the  whole  of  the  colloid  would  be  removed  from  the 
membrane.  In  the  continuous  dialysis,  75  per  cent,  of  the  original  colloid  remains 
in  the  membrane.  Continuing  the  process  for  35  days  increases  the  purity  of 
the  colloid  without  loss  of  chromium.  If  the  intervals  in  intermittent  dialysis 
are  made  smaller,  more  satisfactory  results  are  to  be  expected.  In  fact,  by  con- 
ducting the  entire  process  in  very  short  intervals,  the  efficiency  may  even  exceed 
that  of  continuous  dialysis.  The  latter  procedure  is,  however,  impractical. 
The  variations  in  the  ratio  of  ^Cr : Cl  in  the  diffusates  are  accounted  for  by  the 
assumption  of  a gradual  growth  of  the  particles.  In  the  intermittent  process, 
the  particles  do  not  grow  sufficiently  to  be  retained  by  the  membrane,  whereas 
in  the  continuous  process  they  do.  A.  Simon  and  co-workers  used  the  dialyzer 
recommended  by  A.  Gutbier  and  co-workers.  The  process  of  dialysis  was  studied 
by  N.  Bjerrum  by  measuring  the  osmotic  press,  of  the  colloidal  soln.  It  is  hence 
calculated  that  the  colloidal  chromium  particle  consists  of  1000  chromium  atoms 
and  carries  30  free  charges.  The  number  of  chromic  oxide  molecules  in  a colloidal 
particle  is  about  240.  For  complete  coagulation  the  necessary  amount  of  ferro- 
cyanide  corresponds  exactly  with  the  total  charge  on  the  colloid,  whilst  about 
15  per  cent,  excess  of  ammonium  or  potassium  sulphate  is  required.  The  com- 
mencement of  coagulation  is  marked  by  a sudden  break  in  the  curve  obtained  by 
plotting  conductivity  against  c.c.  of  ammonium  sulphate.  The  subject  was 
discussed  by  A.  Lottermoser  and  W.  Riedel,  and  H.  Rinde.  R.  Wintgen  and 
W.  Biltz  gave  580  for  the  number  of  chromic  oxide  molecules  in  a colloidal  particle 
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aged  by  boiling,  and  750,000  for  the  case  of  an  aged  ferric  oxide  colloidal  particle. 
These  numbers  are  of  doubtful  accuracy.  J.  R.  I.  Hepburn  found  that  the  product 
obtained  after  a prolonged  freezing  is  colloidal  in  nature,  but  has  some  properties 
usually  regarded  as  characteristic  of  the  crystalline  state.  J.  H.  Yoe  and 

E.  B.  Freyer  measured  the  H'-ion  cone,  and  viscosity  of  hydrosols  of  chromic  oxide  ; 
D.  N.  Chakravarti  and  N.  R.  Dhar,  the  viscosity  of  the  sol  in  the  presence  of 
electrolytes  ; E.  Manegold  and  R.  Hofmann,  the  permeability  of  membranes  for 
the  hyclrosol ; and  S.  Horiba  and  H.  Baba,  the  effect  of  light  on  the  osmotic  pressure 
of  the  hydrosol. 

C.  Paal  prepared  a colloidal  soln.  of  hydrated  chromic  oxide  by  reducing  a 
soln.  of  ammonium  chr-omate  with  colloidal  platinum  in  the  presence  of  sodium 
protalbinate  which  acts  as  a protective  colloid.  The  colloid  may  be  partially 
purified  by  dialysis.  Soln.  of  aluminium  or  ferric  salts  give  a precipitate  of  hydrated 
oxide  when  boiled  with  sodium  acetate  ; but  with  chromic  acetate  soln.,  H.  Schiff, 
and  B.  Reinitzer  obtained  no  precipitate  when  the  soln.  was  boiled  ; nor  was  a 
precipitate  obtained  in  the  cold  with  alkali  hydroxide,  ammonia,  ammonium 
hydroxide  or  carbonate,  sodium  phosphate,  or  with  barium  hydroxide  or  carbonate. 
Except  in  the  case  of  sodium  phosphate,  these  reagents  give  precipitates  with 
boiling  soln.  There  is  a slow  action  between  chromic  salt  and  sodium  acetate 
in  the  cold,  for,  on  standing  some  time,  in  the  presence  of  alkali,  the  colour  of  the 
liquid  changes  and  a jelly  is  formed.  In  the  case  of  a boiling  soln.  of  hydrated 
chromic  oxide  and  sodium  acetate,  the  precipitate  formed  is  probably  a complex 
acetate.  Iron  and  aluminium  acetates  associated  with  violet  chromic  acetate 
do  not  give  a precipitate  when  boiled  or  when  treated  with  alkali-lye  or  aq.  ammonia. 
This,  said  H.  B.  Weiser,  is  not  due  to  peptizing  action  of  the  adsorbed  hydrated 
chromic  oxide  because  hydrated  chromic  oxide  is  not  the  primary  product  of  the 
hydrolysis  of  chromic  acetate,  and,  as  B.  Reinitzer  has  shown,  green  chromic 
acetate  does  not  prevent  the  precipitation  of  hydrated  ferric  oxide.  The 
phenomenon  as  probably  the  result  of  the  formation  of  the  iron-chromic  acetates  was 
studied  by  R.  F.  Weinland  and  E.  Guzzmann.  The  alleged  formation  of  colloidal 
hydrated  chromic  oxide,  by  B.  Reinitzer  and  H.  W.  Woudstra,  by  dialyzing  soln. 
of  chromic  acetate,  does  not  seem  right  since  basic  chromic  acetates  are  probably  pro- 
duced. M.  Neidle  and  J.  Barab  obtained  no  colloid  by  dialyzing  chromic  acetate 
soln.  into  which  superheated  steam  was  passed ; nor  was  any  obtained  by  the 
dialysis  of  a cold  soln.  of  purified  chromic  chloride,  although  H.  M.  Goodwin  and 

F.  W.  Grover  obtained  a little  by  the  dialysis  of  the  commercial  ferric  chlorides. 
W.  Biltz  obtained  no  colloid  by  the  hydrolysis  of  soln.  of  chromic  nitrate,  owing 
to  the  small  hydrolysis  of  the  salt  as  observed  by  H.  W.  Woudstra.  S.  Takegami 
obtained  the  colloid  at  the  cathode  during  the  electrolytic  reduction  of  chromic 
acid ; and  B.  Kandelaky,  by  the  hydrolysis  of  chromic  ethylate. 

H.  W.  Fischer  studied  the  solubility  of  hydrated  chromic  oxide  in  a soln.  of 
chromic  chloride  ; R.  Wintgen  and  H.  Weisbecker,  the  amphoteric  properties 
of  the  colloid  ; and  P.  Bary.and  J.  Y.  Rubio,  E.  Manegold  and  R.  Hofmann,  and 
R.  Wintgen  and  0.  Kuhn,  the  structure  of  the  colloid.  F.  Haber  showed  that  if 
the  rate  of  aggregation  of  a colloidal  sol  is  high,  amorphous  precipitates  are  to  be 
expected  which  gradually,  and  particularly  on  warming,  pass  into  the  crystalline 
condition.  If,  however,  the  rate  of  aggregation  is  depressed  by  only  slightly 
exceeding  the  solubility  limit,  the  rate  of  arrangement  may  be  sufficient  to  cause 
the  orderly  formation  of  crystals  before  the  formation  of  visible  particles  has 
occurred.  This,  however,  involves  an  alteration  in  the  rate  of  aggregation  due 
to  electrical  phenomena  at  the  boundary  of  the  molecules  and  liquid,  the  net 
result  of  which  is  that  the  growth  of  the  aggregates  is  greatly  impeded  and  sols  are 
produced. 

The  colloidal  soln.  of  hydrated  chromic  oxide  prepared  as  just  indicated  was 
shown  by  W.  Biltz,  and  W.  Herz  to  be  a positive  hydrosol  because  it  migrates 
to  the  cathode  under  the  influence  of  an  electrical  stress.  On  the  other  hand,  the 
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green  colloidal  soln.  obtained  by  adding  an  excess  of  alkali  hydroxide  to  a soln. 
of  a chromic  salt  was  found  by  R.  Kremann  to  be  a negative  hydrosol  because, 
under  the  influence  of  an  electrical  stress,  it  migrates  to  the  anode.  W.  Reinders 
studied  the  electrophoresis  of  the  colloid.  The  clear,  negative  colloidal  soln. 
was  found  by  H.  W.  Fischer  and  W.  Herz  to  precipitate  spontaneously  on  standing,  • 
particularly  if  the  ratio  of  chromic  oxide  to  hydroxide  is  large.  This  is  due  to 
the  ageing  of  the  hydrated  oxide.  A.  Hantzsch  also  observed  that  owing  to  ageing, 
the  precipitated  and  washed  chromic  oxide  is  not  peptized  by  alkalies.  The 
colloid  is  precipitated  by  adding  electrolytes  owing  to  the  adsorption  of  the  cations 
as  observed  by  H.  W.  Fischer.  A.  Lottermoser  found  that  the  ultra-filtration  of 
the  chromic  oxide  sol  peptized  with  the  corresponding  chloride  gives  a filtrate 
which  contains  hydrochloric  acid  of  the  same  H'-ion  cone,  as  that  of  the  sol.  The 
mycellia  therefore  retains  the  chloride  ion  whose  negative  charge  compensates 
the  positive  charge  of  the  colloidal  particles.  The  conductivity  of  the  sol  is  greater 
than  that  of  the  ultra-filtrate,  and  the  difference  is  taken  to  represent  the  true 
conductivity  of  the  mycelles  which  are  regarded  as  complex  electrolytes. 
A.  B.  Dumansky  and  co-workers  .studied  this  subject.  R.  Fricke  and  co-workers 
found  tetramethylammonium  hydroxide  to  be  a strong  peptizing  agent. 

C.  F.  Nagel,  W.  D.  Bancroft,  and  N.  G.  Chatterji  and  N.  R.  Dhar  showed  that 
the  colloidal  oxide  can  be  removed  by  the  ultra-filter.  W.  Biltz  and  W.  Giebel 
added  that  the  colloidal  soln.  consists  mainly  of  amicrons,  only  a small  proportion 
of  sub-microns  are  present.  There  has  been  some  discussion  as  to  whether  the 
colloidal  soln.  contains  alkali  chromite.  H.  W.  Fischer  and  \Y.  Herz  said  that 
peptization,  not  dissolution,  occurs.  This  is  in  agreement  with  hypothesis  that  the 
soln.  is  really  the  colloidal  oxide  and  the  observation  of  A.  B.  Northcote  and 
A.  H.  Church  that  complete  soln.  occurs  in  the  presence  of  40  per  cent,  of  ferric 
oxide  ; 12-5,  manganous  oxide ; or  20  per  cent,  of  either  cobalt  or  nickel  oxide, 
whereas  complete  precipitation  occurs  with  80  per  cent,  of  ferric  oxide  ; 60,  of 
manganous  oxide ; or  50,  of  either  cobalt  or  nickel  oxide.  Analogous  observations 
were  made  by  M.  Prud’homme,  and  M.  Kreps.  H.  B.  Weiser  and  G.  L.  Mack 
obtained  an  organosol  in  propyl  alcohol. 

According  to  C.  F.  Nagel,  when  an  excess  of  potassium  hydroxide  is  added 
to  a soln.  containing  varied  proportions  of  ferric  chloride  and  chromic  sulphate, 
the  iron  is  not  precipitated  in  presence  of  excess  of  the  chromic  salt,  and  the 
chromium  is  completely  precipitated  with  the  iron  when  the  ferric  salt  is  present 
in  considerable  excess.  It  is  supposed  that  these  effects  are  due  to  mutual  adsorp- 
tion. In  a similar  way,  the  hydroxides  of  manganese,  cobalt,  nickel,  copper,  and 
magnesium  are  absorbed  by  colloidal  chromic  hydroxide,  whilst' this  is  also  adsorbed 
and  removed  from  soln.  by  the  above  hydroxides  when  these  are  present  in 
relatively  large  quantities.  In  presence  of  copper,  chromium  is  not  precipitated 
by  ammonia,  and  it  is  suggested  that  this  may  be  due  to  the  presence  of  colloidal 
cupric  hydroxide,  which  adsorbs  the  chromic  hydroxide.  The  peptized  soln. 
gradually  settles  leaving  only  a faintly  coloured  liquid ; a collodion  filter  removes 
all  the  hydrated  oxide  leaving  in  soln.  a little  chromic  chloride  ; and  peptized 
hydrated  chromic  oxide  cannot  be  extracted  from  soln.  with  benzene  or  light 
petroleum,  but  it  goes  into  the  dimeric  interface.  J.  K.  Wood  and  V.  K.  Black 
treated  precipitated  chromic  oxide  with  varying  proportions  of  a soln.  of  .alkali 
hydroxide  of  varying  concentration.  The  presence  of  chromate  in  the  soln., 
after  two  months,  indicated  that  some  chromite  had  been  formed ; whilst  a soln.  of 
chromic  chloride  treated  with  a large  excess  of  alkali-lye,  after  standing  two  months, 
gave  a colloidal  precipitate,  and  a yellow  soln.  of  chromate  formed  by  oxidation. 
They  concluded  that  chromites  do  exist  in  an  alkaline  soln.  of  chromic  hydroxide  ; 
when  the  soln.  is  freshly  prepared  and  is  kept  a little  time,  part  of  the  dissolved 
hydroxide  separates  out  in  a less  soluble  form,  and  probably  does,  during  this  period 
of  transition,  exist  for  a time  in  the  colloidal  condition,  but  when  all  such  precipi- 
tation has  taken  place,  a small  amount  of  chromite  will  still  be  present  in  the  soln. 
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Fig.  18. — The  Absorption  of  Or- 
ganic Acids  by  Hydrated  Chro- 
mic Oxide. 


According  to  E.  Muller,  when  an  excess  of  chromic  oxide  or  hydroxide  is  shaken 
with  aq.  soln.  of  sodium  hydroxide  for  several  days,  the  solubility  is  dependent 
on  the  time  of  agitation,  rising  to  a maximum  and  then  falling  to  a constant  value. 
Both  the  maximum  and  final  solubilities  attain  their  highest  values  at  142V-NaOH. 
It  is  assumed  that  chromium  hydroxide  is  a “ solid-liquid  ” in  which  simple  and 
polymerized  molecules  are  present  in  homogeneous  soln.  On  account  of  the 
magnitude  of  the  internal  friction,  equilibrium  is  only  slowly  attained.  The 
ageing  process  does  not  so  much  consist  in  the 
enlarging  of  single  particles  as  in  a progressive 
change  during  polymerization  and  is  thus  essenti- 
ally chemical  in  character.  H.  B.  Weiser  added 
that  even  if  chromic  oxide  does  possess  slightly 
acidic  properties,  not  all  the  oxide  is  present  as 
chromite  ; and  it  is  doubtful  if  any  chromite  is 
present  when  slightly  more  alkali-lye  is  present 
than  is  needed  to  precipitate  the  chromic  oxide 
completely.  H.  N.  Holmes  and  M.  A.  Dietrich 
observed  that  mercuric  sulphide  is  not  precipi- 
tated by  hydrogen  sulphide  from  a 0-52V-hydro- 
chloric  acid  soln.  containing  green  chromic  chlo- 
ride and  mercuric  chloride  in  excess  of  the  ratio 
2:1,  but  is  adsorbed  by  the  colloidal  chromic 
hydroxide  produced  by  the  hydrolysis  of  the 
chloride.  The  hydrolysis  increases  on  keeping, 
and  after  48  hrs.  precipitation  does  not  occur 
when  the  above  ratio  is  1 : 3-5,  but  this  ratio 
may  be  depressed  by  a sufficient  concentration  of 

hydrogen  or  sulphate  ions.  Thus,  chromic  sulphate  has  no  influence  on  the  pre- 
cipitation. The  formation  of  colloidal  chromic  hydroxide  is  probably  preceded 
by  the  conversion  of  the  green  chromic  chloride  into  the  violet  form.  The  order 
of  the  adsorption  is  reversed  by  using  a targe  excess  of  mercuric  chloride  and 
precipitating  from  a hot  0-5iV-acid  soln.  K.  C.  Sen  found  that  the  absorption  of 
acids  by  chromic  oxide  can  be  summarized  in  Fig.  18. 

H.  B.  Weiser  reported  that  the  precipitation  values  for  potassium  salts  for  a 
negative  colloidal  soln.  containing  365  grms.  of  chromic  oxide  per  litre  were  for 
ferricyanide,  0-485  millieq.  per  litre  ; chromate,  0-525  ; dichromate,  0-535  ; sul- 
phate, 0-550  ; oxalate,  0-570  ; iodate,  0-635  ; 
bromate,  19-0 ; chloride,  30-0 ; bromide,  33-0 ; 
chlorate,  33-8  ; and  .iodide,  37-5.  M.  Bjerrum  ob- 
served that  by  adding  a soln.  of  O-lA-ammonium 
sulphate  to  a soln.  containing  0112  mols  of  Cr, 
and  0-01  mol  of  nitric  acid,  the  electrical  conduc- 
tivity of  the  soln.  altered  as  indicated  in  Fig.  19. 

E.  E.  Porter  measured  the  H'-ion  cone,  of  a nega- 
tive colloidal  soln.  of  hydrated  chromic  oxide  con- 
taining 2-5  grms.  Cr203  per  litre,  when  5 c.c.  were 
treated  with  15  c.c.  of  a soln.  containing  salt  and 
acid.  A rapid  precipitation  of  the  colloid  occurred 
when  the  pn  was  between  3-5  and  6-0.  The  floccu- 
lation of  the  colloidal  soln.  was  also  studied  by 
A.  Miolati  and  E.  Mascetti,  and  N.  Bjerrum, 

A.  Ivanitzkaja  and  L.  Orlova,  S.  L.  Jindal  and  N.  R.  Dhar,  K.  Mohanlal  and 
N.  R.  Dhar,  W.  V.  Bhagwat  and  N.  R.  Dhar,  S.  Ghosh  and  N.  R.  Dhar,  K.  C.  Sen 
and  M.  R.  Mehrotra,  K.  C.  Sen  and  N.  R.  Dhar,  and  R.  Wintgen  and  H.  Lowenthal. 
H.  B.  Weiser  also  studied  the  flocculation  of  a colloidal  soln.  of  chromic  oxide  by 
mixed  electrolytes  ; and  for  the  precipitation  value  of-  a negative  colloidal  soln. 
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obtained  by  adding  45  c.c.  of  2N-KOH  to  5 c.c.  of  a soln.  of  chromic  chloride 
containing  40  grms.,  of  chromic  oxide  per  litre,  the  result  with  barium  chloride 
was  5-15  millieq.  per  litre  ; potassium  chloride,  500-0 ; sodium  chloride,  210-0  ; 
lithium  chloride,  51-0  ; sodium  sulphate,  315-0  ; and  sodium  acetate,  220-0.  S.  Roy 
and  N.  R.  Dhar  studied  the  coagulation  of  the  colloid  in  light.  T.  Katsurai  observed 
that  the  hydrosol  of  chromic  o£ide  does  not  coagulate  like  that  of  ferric  oxide  when 
heated  under  press. 

B.  Reinitzer  prepared  a hydrogel  by  boiling  a soln.  of  a chromic  salt  and  sodium 
acetate,  rendered  alkaline  by  alkali-lye  or  ammonia,  and  allowing  it  to  set  to  a jelly. 
E.  H.  Bunce  and  L.  S.  Finch  obtained  a jelly  by  allowing  a mixed  soln.  of  alkali- 
lye  and  chrome  alum  to  stand.  They  did  not  get  the  jelly  by  using  soln.  of  chromic 
sulphate,  nitrate,  or  chloride  ; but  C.  F.  Nagel  obtained  the  jelly  with  sulphate 
by  keeping  down  the  cone,  of  the  alkali.  H.  B.  Weiser  observed  that  the  rapid 
addition  of  a slight  excess  of  alkali-lye  to  a soln.  of  chromic  chloride  produces  a 
negative  colloidal  soln.  which  precipitates  slowly  forming  a jelly  ; if  the  pre- 
cipitation is  hastened  by  heating  the  soln.,  or  by  adding  a suitable  amount  of 
electrolyte,  the  precipitation  is  rapid  and  it  is  gelatinous  but  not  a jelly ; and 
finally,  if  the  hydrated  oxide  has  been  peptized  by  a large  excess  of  alkali,  the 
precipitate  forms  slowly  and  is  granular.  R.  Griessbach  and  J.  Eisele  obtained  the 
gel  by  peptizing  the  hydrosol.  J.  Hausler  and  B.  Kohnstein  ’obtained  the  gel 
by  separately  atomizing  an  acid  soln.  of  chromic  acid  and  an  alkaline  soln.  of  sucrose 
in  a mixing  chamber,  and  recovering  the  colloidal  hydroxide.  D.  N.  Chakravarti 
and  N.  R.  Dhar  found  that  during  dialysis  of  a hydrosol  of  hydrated  chromic  oxide, 
the  liquid  becomes  more  viscid  and  finally  gelatinizes.  S.  Prakash  and  N.  R.  Dhar 
found  that  the  soln.  of  4 c.c.  0-5il/-CrCl3,  and  8 c.c.  of  3-57iV-CH3.COONa,  mixed 
in  half  an  hour  with  2 c.c.  of  2Ar-(NH4)2S04  and  5 c.c.  of  2-34Ar-NH4OH  added  drop 
by  drop,  and  the  soln.  made  up  to  20  c.c.,  sets  to  a jelly  in  6|  hrs.  at  30°.  The 
viscosities  of  the  soln.  were  : 

Age  . . 0 .30  CO  90  120  150  min. 

Viscosity  . 0-01465  0-01469  0-01527  0-01646  0-01873  0-02208 

K.  C.  Sen  and  M.  R.  Mehrotra  studied  the  peptization  ’ of  chromic  hydroxide 
by  arsenious  acid  ; and  K.  C.  Sen,  by  sugar.  S.  G.  Mokruskin  and  O.  A.  Esin 
examined  the  adsorption  of  aniline  dyes  by  chromic  oxide  ; N.  Nikitin,  the  adsorp- 
tion of  ammonia  ; C.  E.  White  and  N.  E.  Gordon,  and  E.  E.  Porter,  organic  dyes  ; 
H.  B.  Weiser,  oxalates  ; K.  C.  Sen,  benzoic  and  acetic  acids.  They  found  that 
hydrated  chromic  oxide  adsorbs  acids  and  arsenious  acid  more  than  hydrated 
chromic  or  ferric  oxides  adsorbs  arsenic  trioxide  ; and  N.  R.  Dhar  and  co-workers 
found  that  various  metal  salts — Zn,  Cd,  Co,  and  Ni — but  not  Ag  salts,  are  adsorbed. 
According  to  E.  Toporescu,  when  chromium  is  precipitated  by  ammonia  from  soln. 
of  its  salts  containing  calcium  or  magnesium,  the  amounts  of  these  salts  carried 
down  increase  with  their  concentration,  and  tend  towards  limits  corresponding 
with  the  chromites,  Cr203.3Ca0  and  Cr203.3Mg0,  respectively.  The  calcium  or 
magnesium  may  be  removed  from  such  precipitates  by  washing  them  on  the  filter 
or  by  decantation  with  a boiling  5 per  cent.  soln.  of  ammonium  nitrate. 
H.  B.  Weiser  and  E.  E.  Porter  studied  the  effect  of  the  H'-ion  cone,  of  soln.  on  the 
adsorptivity  of  hydrated  chromic  oxide. 
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§ 11.  Chromites 

Hydrated  chromic  oxide  shows  pronounced  basic  properties  uniting  with  acids 
to  form  tervalent  chromium  salts.  It  is,  however,  an  amphoteric  oxide  and  it  acts 
as  a weak  base  forming  salts — chromites — which  have  the  spinel  formula  R0.Cr203, 
or  R(Cr02)2.  These  salts  can  be  regarded  as  metachromites  derived  from 
metachromous  acid,  HCr02,  or  HO.CrO  ; there  are  also  indications  of  the  forma- 
tion of  orthochromites,  derived  from  orthochromous  acid,  H3Cr03,  or  Cr(OH)3. 
According  to  F.  Hein  and  H.  Meininger,1  chromium  triphenylhydroxide  Cr(C6H5)3OH 
is  nearly  as  strong  a base  as  sodium  hydroxide.  R.  Wintgen  and  H.  Weisbecker 
studied  the  amphoteric  properties  of  chromic  oxide  hydrosol. 

Z.  Weyberg  reported  crystals  of  lithium  chromite,  LiCrOo,  to  be  formed  along 
with  lithium  aluminate  when  mixtures  of  an  excess  of  lithium  chromate  with  china 
clay  are  calcined.  The  brown  powder  consists  of  microscopic,  isotropic,  octahedral 
crystals.  As  previously  indicated,  there  are  differences  of  opinion  as  to  the  nature  of 
the  green  liquid  obtained  when  freshly  precipitated  hydrated  chromic  oxide  is  treated 
with  alkali-lye.  The  process  is  one  of  either  peptization  or  dissolution  ; or  else  it 
includes  both.  R.  Kremann,  M.  Kreps,  and  J.  K.  Wood  and  V.  K.  Black  consider 
that  the  soln.  of  hydrated  chromic  oxide  in  alkali  is  chromite  ; while  W.  Herz  and 
H.  W.  Fischer,  A.  Hantzsch,  0.  F.  Nagel,  W.  V.  Bhagwat  and  N.  R.  Dhar,  and 
H.  B.  Weiser  consider  it  to  be  peptized,  hydrated  chromic  oxide.  C.  Fricke  and 
0.  Windhausen  determined  the  solubility  of  hydrated  chromic  oxide  approxi- 
mating Cr203.9H20,  expressed  in  grms.  Cr203  per  100  c.c.  of  soln.,  after  three  days’ 
digestion  in  a soln.  of  sodium  hydroxide  at  ordinary  temp,  and  obtained  the 
following  results  : 
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With  17-42N-NaOH,  the  soln.  was  almost  colourless,  A=[NaOH]/[Cr],  and 
A"=[NaOH]3/[Cr].  The  results  are  plotted  in  Fig.  20. 

According  to  E.  Muller,  the  equilibrium  condition  between  a soln.  of  sodium 
hydroxide  and  chromic  hydroxide  is  very  slowly  attained.  The  curves,  Fig.  21,  rise 
to  a maximum  and  then  fall  to  a minimum  value,  due,  it  is  supposed,  to  the  chromic 
hydroxide  dissolving  unchanged,  in  the  lye  ; it  then  changes  by  the  loss  of  water  into 
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a less  soluble  oxide,  a change  which  is  accelerated  by  heat.  It  is  assumed  that  the 
equilibrium  conditions  are:  Cr(OH)3  + 3NaOH ^ Na3Cr03  + 3H20  ; Cr(OH)3 
+2Na0H^Na2HCr03+2H20  ; and  Cr(0H)3+Na0H^NaH2Cr03+H20  ; followed 
by  NaH2Cr03+H20^NaCr02+2H20.  R.  Fricke  and  0.  Windhausen  studied  this 
subject  and  found  that  when  hydrated  chromic  oxide  is  treated  with  sodium 
hydroxide,  the  formation  of  chromite  precedes  the  formation  of  the  hydroxide. 
With  sodium  hydroxide  below  102V,  primary  sodium  chromite  is  formed,  whilst 
above  102V  the  soln.  contains  also  tertiary  sodium  chromite.  Potassium  chromite 
is  similarly  produced  ; .below  82V-alkali  only  the  primary  chromite  is  formed,  whilst 
above  82V  the  soln.  contains  also  secondary  chromite.  From  soln.  of  potassium 
chromite  which  have  stood  for  a long  time,  needle-shaped  crystals  of  the  formula 
Cr203.3K20.8H20  have  been  obtained.  R.  B.  Corey  found  that  the  clear  supernatant 
liquor  left  by  chromic  hydroxide  settling  from  soda-lye  contains  no  chromium, 
showing  that  chromic  hydroxide  is  insoluble  in  that  menstruum,  and  the  apparent 
solubility  is  really  peptization  and  not  a case  of  soln.  N.  Demassieux  and 
J.  Heyrovsky  inferred  that  soln.  of  alkali  chromite  are  not  true  soln.  but  contain 
colloidal  chromic  hydroxide.  The  primary  sodium  metachromite,  NaCr02,  is 
formed  with  alkali-lye  below  102V-NaOH  ; and  sodium  orthochromite,  Na3Cr(>3, 
above  that  cone.  J.  d’Ans  and  J.  Loffler  obtained  NaCr02  by  tbe  action  of 
chromic  oxide  on  sodium  hydroxide.  J.  Heyrovsky  obtained  similar  results 


Normality  of  Na  ON 


Fio.  20. — -The  Solubility  of  Hydrated 
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Sodium  Hydroxide. 


Fig.  21. — The  Solubility  of  Chromic 
Hydroxide  in  Solutions  of  Sodium 
Hydroxide. 


with  potassium  hydroxide  as  those  obtained  with  soln.  of  sodium  hydroxide  ; below 
82V-KOH,  only  potassium  metachromite,  KCr02,  is  formed,  and  above  that  con- 
centration, potassium  orthochromite,  K3Cr03.  Z.  Weyberg  found  that  by  melting 
mixtures  of  china  clay  and  alkali  chromate,  chromic  oxide  first  separates  out,  and 
afterwards  the  chromite.  If  the  soln.  of  potassium  chromite  be  allowed  to  stand 
for  a long  time,  needle-shaped  crystals  of  the  tetrahydrate,  K3Cr03.4H20,  are 
deposited.  These  conclusions  were  confirmed  by  observations  on  the  f.p.,  and 
potential  of  the  soln.  M.  Kreps  could  not  prepare  potassium  and  sodium  chro- 
mites in  the  dry  way,  because  in  subsequently  washing  out  the  excess  of  alkali 
with  water,  the  chromite  is  decomposed.  R.  Kremann  found  that  the  movements 
towards  the  anode  of  the  green  soln.  of  hydrated  chromic  oxide  in  cone,  alkali-lye 
demonstrates  the  existence  of  chromites  ; the  hydrated  chromic  hydroxide  is  not 
present  merely  as  a colloid  because  it  can  diffuse  through  parchment  into  the 
alkaline  soln.  H.  P.  Cady  and  R.  Taft  found  potassium  chromite  to  be  insoluble 
in  liquid  sulphur  dioxide.  P.  C.  Boudault  said  that  potassium  ferricyanide  oxidizes 
a soln.  of  potassium  chromite  to  chromate.  The  salt  is  sparingly  soluble  in 
acids. 

J.  F.  Persoz  obtained  cuprous  chromite,  CuCr02,  by  calcining  cupric  chromate 
in  a crucible  exposed  to  the  reducing  action  of  the  furnace  gases,  and  extracting  the 
product  with  hydrochloric  acid  ; and  L.  and  P.  Woollier  obtained  it  by  heating  one 
of  the  basic  cupric  chromites  with  an  excess  of  cupric  oxide  above  900°,  and 
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extracting  the  mass  with  nitric  acid  of  sp.  gr.  1-4.  Cuprous  chromite  forms  steel- 
blue  or  lead-grey  triangular  plates  of  sp.  gr.  5-237.  It  is  stable  in  oxygen  above 
875°,  and  in  air  above  770°.  It  does  not  oxidize  in  oxygen  at  a press,  of  1087  mm. 
at  1020°.  It  is  soluble  in  nitric  acid  of  sp.  gr.  1-4  ; but  a mixture  of  nitric  acid 
and  potassium  chlorate  oxidizes  the  chromium  to  chromic  acid.  K.  Fischbeck  and 
E.  Einecke  prepared  this  salt  and  found  that  by  cathodic  polarization  in  2 per  cent, 
sulphuric  acid,  it  is  oxidized  to  chromate.  L.  and  P.  Wohler  and  W.  Pluddemann 
tried  the  salt  as  a catalytic  agent  for  oxidizing  sulphur  dioxide. 

J.  F.  Persoz  obtained  cupric  chromite,  Cu(Cr02)2,  by  heating  to  redness  cupric 
chromate— L.  and  P.  Wohler  worked  above  870° — and  extracting  the  product 
with  hydrochloric  acid ; L.  and  P.  Wohler  obtained  it  by  heating  the  cuprous 
salt  in  oxygen  below  870°,  and  extracting  the  mass  with  nitric  acid  ; they 
precipitated  mixed  cupric  and  chromic  hydroxides  from  a soln.  of  the  mixed 
sulphates  in  eq.  proportions  by  means  of  sodium  carbonate,  heated  the  washed 
product  in  oxygen  at  700°,  and  then  extracted  it  with  dil.  acids  ; C.  H.  Boehringer 
treated  a soln.  of  basic  cupric  chloride  with  copper  tetramminoxide  ; and  M.  Gerber 
heated  to  redness  a mixture  of  cupric  chloride  and  potassium  dichromate,  and  washed 
the  product  first  with  boiling  water,  and  then  with  hydrochloric  acid.  The  bluish- 
black  amorphous  or  crystalline  product  decomposes  slowly  at  1000°.  If  the  com- 
pound be  mixed  with  cupric  oxide,  and  heated  in  vacuo,  oxygen  begins  to  be  given 
off  at  600°.  The  partial  press,  of  the  oxygen  is  176  mm.  at  779°  ; 440  mm.  at  840°  ; 
and  795  mm.  at  875°.  At  850°,  38  Cals,  are  needed.  The  salt  is  not  soluble 
in  dil.  acids,  or  in  cone,  hydrochloric  acid  ; it  is  not  attacked  by  sulphur  dioxide  ; 
but  it  is  oxidized  by  fused  potassium  nitrate.  F.  Wohler  and  F.  Mahla,  and  L.  and 
P.  Wohler  and  W.  Pluddemann  studied  its  action  as  a catalyst  in  the  oxidation  of 
sulphur  dioxide. 

L.  and  P.  Wbhler  and  co-workers  obtained  a basic  salt,  cupric  oxyociochromite, 
Cu0.4Cu(Cr02)2,  by  heating  commercial  cupric  chromate,  in  oxygen  at  650°-700°,  and 
extracting  the  mass  with  nitric  acid.  The  black  product  decomposes  at  1000°.  M.  Rosen- 
feld  obtained  cupric  trioxychromite,  3CuO.0u(CrO2)2,  by  heating  6Cu0.Cr203.Cr03  ; cupric 
hexoxychrormte,  6CuO.Cu(Cr02)2,  by  heating  7Cu0.2Cr03.oH20  ; and  cupric  tridecoxy- 
chromite,  13Cu0.Cu(Cr02)2,  by  heating  7Cu0.Cr03.5H20  ; and  the  acid  salt,  cupric  hexa- 
chromite,  Cu0.3Cr203,  by  heating  CuCr4O0.Cr2O3.12H2O. 

According  to  K.  S.  Nargund  and  H.  E.  Watson,  mixtures  of  calcium  and  chromic 
oxides,  when  heated  in  vacuo,  yield  calcium  chromite,  Ca(Ct02)2  ; which  when 
treated  with  acids,  yields  Ca0.2Cr203.  Z.  Weyberg  obtained  the  same  product  as 
prismatic,  pleochroic,  green  needles  by  melting  china  clay  with  a large  excess  of 
potassium  chromate  and  calcium  oxide.  M.  Kreps  obtained  calcium  chromite  by 
adding  ammonia  to  mixed  soln.  of  calcium  chloride  and  chrome-alum.  F.  de  Carli 
said  that  the  reaction  between  chromic  oxide  and  calcium  oxide  begins  at  550°. 
M.  Gerber  prepared  calcium  chromite  by  melting  a mixture  of  mol.  proportions  of 
potassium  dichromate  and  anhydrous  calcium  chloride,  extracting  the  mass  with 
water,  and  washing  the  product  with  boiling,  cone,  hydrochloric  acid.  E.  Dufau 
obtained  it  by  heating  a mixture  of  chromic  and  calcium  oxides  in  an  electric 
furnace.  K.  Fischbeck  and  E.  Einecke  prepared  this  salt  by  direct  sintering  of  the 
components.  E.  Dufau  found  that  the  dark  olive-green  product  furnishes  a 
crystalline  powder,  or  pleochroic,  prismatic  needles,  and  it  has  a sp.  gr.  of  4-8  at 
18°,  and  a hardness  of  6.  When  heated  in  oxygen,  it  forms  calcium  chromate 
and  chromic  oxide  : the  oxidation  begins  below  100°  in  air  ; it  is  attacked  by 
fluorine,  or  chlorine  when  warmed  ; hydrogen  fluoride  or  chloride  attacks  it  at 
a red-heat,  but  hydrofluoric  or  hydrochloric  acid  has  no  action,  nor  has  sulphuric 
or  nitric  acid.  It  is  decomposed  by  molten  potassium  carbonate,  nitrate,  or 
chlorate  ; Z.  Weyberg  added  that  it  is  slowly  attacked  by  potassium  hydrosulphate. 
T.  J.  Pelouze  prepared  calcium  oxychromite,  Ca0.Ca(Cr02)2,  by  adding  potassium 
hydroxide  or  ammonia  to  a mixture  of  a mol  of  chrome-alum  and  2 mols  of  calcium 
chloride  , H.  Moissan  obtained  calcium  trioxychromite,  3Ca0.Ca(Cr02)2,  in  yellow 
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pUtes,  by  heating  chromium  and  calcium  oxide  in  an  electric  furnace  ; and  E.  Dufau, 
by  heating  a mixture  of  chromic  and  calcium  oxides  in  the  electric  furnace. 
It  might  be  added  that  the  pottery  colour,  emerald  green,  is  prepared  by  heating 
chromic  oxide  with  a large  proportion  of  calcium  carbonate.  A.  Mitscherlich 
obtained  barium  chromite,  Ba(Cr02)2,  by  heating  a mixture  of  chromic  and  barium 
oxides  to  a white-heat.  The  crystals  are  soluble  in  hydrochloric  acid  ; and 
M.  Gerber  obtained  it  as  a green  crystalline  powder  by  melting  a mixture  of 
anhydrous  barium  chloride  and  potassium  dichromate,  and  washing  the  cold 
product  with  dil.  hydrochloric  acid.  M.  Kreps  also  prepared  barium  chromite  by 
the  action  of  ammonia  on  a soln.  of  chrome-alum  and  barium  chloride.  F.  de  Carli 
said  that  the  reaction  with  chromic  oxide  and  barium  oxide  begins  at  220°. 
E.  Dufau  obtained  barium  octochromite,  Ba0.4Cr203,  in  black,  hexagonal  crystals 
of  sp.  gr.  5-4  at  15°,  by  heating  a mixture  of  the  two  oxides  in  an  electric  arc-furnace. 
The  product  is  stable.  When  heated  in  oxygen,  it  forms  barium  chromate  and 
chromic  oxide  ; it  is  slowly  attacked  when  heated  with  hydrogen  fluoride  or  chloride  ; 
acids  are  without  action  ; but  it  is  easily  attacked  by  fused  alkali  carbonate. 

E.  Mallard  and  J.  J.  Ebelmen  melted  together  beryllium  and  chromic  oxides  in 
the  presence  of  boric  oxide,  and  obtained  a dark  green  powder  consisting  of  crystals 
of  beryllium  chromite,  Be(Cr02)2.  The  crystals  resemble  alexandrite.  The 
so-called  chrome  spinel,  (Mg,Fe)0.(Al,Cr)203,  from  Lherz  was  called  Iherzolite  by 
J.  C.  Delametherie,  but  it  was  described  earlier  by  P.  Picot  de  la  Peyrouse,  and 
hence  the  name  picotite.  G.  M.  Bock,  M.  Websky,  and  A.  Breithaupt  described 
a related  mineral  which  was  called  magnochromile,  or  mag nesiochro mite — vide 
infra,  chromite.  Analyses  of  picotite  and  magnesiochromite  were  reported  by 
T.  Thomson,  B.  Kosmann,  F.  Sandberger,  A.  Damour,  A.  Hilger,  G.  C.  Hoffmann, 
C.  Friedheim,  and  T.  Petersen.  E.  S.  Simpson  proposed  the  term  picrochromite 
— TTiKpos,  bitter,  in  allusion  to  the  bitter  taste  of  magnesium  salts — for  members 
of  the  spinel-chromite  series  approaching  in  composition  Mg(Cr02)2,  discussed  by 
T.  S.  Hunt,  T.  Petersen,  E.  Glasser,  etc.  There  are  four  components,  and  the 
end-terms  are : (1)  spinel,  Mg(A102)2- — including  spinel,  ceylonite,  and 

magnesiochromite  ; (2)  hercynite,  Fe(Al02)2 — including  hercynite  and  picotite  ; 
(3)  picrochromite,  Mg(Cr02)2 — including  picrochromite  and  chromopicotite  or 
magnesiochromite ; and  (4)  chromite,  Fe(Cr02)2 — including  chromite,  and 
beresofite.  J.  J.  Ebelmen  obtained  magnesium  chromite,  Mg(Cr02)2,  by  melting 
a mixture  of  chromic  and  magnesium  oxide  with  boric  oxide  in  a porcelain  oven, 
and  extracting  the  product  with  hydrochloric  acid.  E.  Schweitzer  obtained  it  by 
calcining  potassium  magnesium  chromate  and  extracting  the  residue  with  dil. 
and  afterwards  with  hot  cone,  acid  ; K.  Fischbeck  and  E.  Einecke,  by  the  sintering 
of  the  components  ; M.  Gerber,  by  melting  a mixture  of  anhydrous  magnesium 
chloride  and  potassium  dichromate,  and  extracting  the  product  with  hot  cone, 
hydrochloric  acid  ; W.  R.  Nichols,  by  adding  an  excess  of  ammonia  to  a soln. 
of  a mixture  of  a mol  of  magnesium  sulphate  and  1-19  mols  of  chrome-alum  and 
some  ammonium  chloride — M.  Kreps  used  a similar  process — and  E.  Dufau,  by 
heating  in  the  electric  arc-furnace  a mixture  Of  chromic  and  magnesium  oxides. 
M.  L.  Huggins  showed  that  the  crystals  are  of  the  spinel  type,  and  he  discussed 
the  electronic  structure.  S.  Holgersson  found  that  the  X-radiogram  gave  for  the 
lattice  parameter  a=8-32  A.  and  the  sp.  gr.  4-45  ; L.  Passerini  gave  a=8-29  A.,  the 
sp.  gr.  4-49,  and  the  vol.  of  unit  cell  569-72  x 10-24  c.c.  J.  J.  Ebelmen  said  that  the 
dark  green  octahedra  have  a sp.  gr.  4-415  at  15°  and  scratch  glass  but  not  quartz. 
E.  Dufau  gave  4-6  for  the  sp.  gr.  at  20°,  and  said  that  the  hardness  is  greater  than  that 
of  quartz.  F.  Beijerinck  found  that  it  is  a good  conductor  of  electricity  ; but  it  is 
not  magnetic.  E.  Dufau  observed  that  the  compound  is  not  changed  when  strongly 
heated  ; it  is  oxidized  with  difficulty  by  oxygen  at  a red-heat ; it  is  not  attacked  by 
chlorine  or  bromine  ; it  is  attacked  with  difficulty  by  hydrofluoric  or  hydrochloric 
acid  ; J.  J.  Ebelmen  said  that  it  is  not  attacked  by  cone,  hydrochloric  acid.  E.  Dufau, 
and  E.  Schweitzer  found  that  it  is  easily  attacked  by  hot,  cone,  sulphuric  acid  ; it  is 
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not  attacked  by  boiling  nitric  acid  ; it  is  insoluble  in  alkali-lye  ; and  it  is  slovfly 
attacked  by  molten  potassium  nitrate  and  chlorate — and,  added  W.  R.  Nichols,  it 
is  slowly  oxidized  to  chromate  by  fused  sodium  carbonate  and  potassium  nitrate. 
W.  R.  Nichols  obtained  magnesium  oxychromite,  Mg0.Mg'(Cr02)2,  by  adding 
an  excess  of  ammonia  to  a mixed  soln.  of  chrome-alum  and  an  excess  of  magnesium  ' 
sulphate.  G.  Viard  obtained  it  as  a pale  brown  powder,  by  calcining  at  a red- 
heat  either  magnesium  chromate,  or  potassium  magnesium  chromate.  When 
further  heated  it  passes  into  magnesium  oxyoctochromite,  Mg0.4Mg(Cr02)2 ; 
if  potassium  dichromate  mixed  with  magnesium  oxide  be  heated  to  redness, 
magnesium  oxytetrachromite,  Mg0.2Mg(Cr02)2,  is  formed.  According  to 
M.  R.  Nayar  and  co-workers,  magnesium  chromate  decomposes  at  650°,  forming 
chromites  from  which  the  magnesium  oxyoctochromite,  Mg0.4Mg(Cr02)2,  can  be 
obtained  as  an  insoluble  residue  after  extraction  with  hydrochloric  acid  ; a mixture 
of  equimolar  proportions  of  magnesia  and  chromic  oxide  above  600°  yields  mag- 
nesium oxydecachromite,  Mg0.5Mg(Cr02)2.  W.  R.  Nichols  prepared  magnesium 
tetrachromite,  Mg0.2Cr203,  by  adding  ammonia  to  a mixed  soln. . of  a mol  of 
magnesium  sulphate  and  2-02  mols  of  chrome-alum. 

J.  J.  Ebelmen  prepared  zinc  chromite,  Zn(Cr02)2,  by  the  method  used  for  the 
magnesium  salt ; M.  Gerber,  by  heating  a mixture  of  anhydrous  zinc  chloride 
and  an  excess  of  potassium  dichromate  ; G.  Chancel,  and  M.  Grogej,  by  adding 
potassium  hydroxide  to  a mixed  soln.  of  equimolar  parts  of  a zinc  and  a chromic 
salt ; and  G.  Viard,  by  passing  the  vapour  of  zinc  chloride  in  a current  of  nitrogen 
or  carbon  dioxide  over  heated  potassium  chromate,  and  washing  the  mass  with 
water,  and  cone,  hydrochloric  acid.  K.  Fischbeck  and  E.  Einecke  made  it  as  in 
the  case  of  the  magnesium  salt.  M.  L.  Huggins  showed  that  the  crystals  are  of 
the  spinel  type  and  he  discussed  the  electronic  structure.  According  to  J.  J.  Ebel- 
men, the  black  octahedral  crystals  have  a sp.  gr.  5-309,  and  they  are  harder  than 
quartz.  G.  Viard  gave  5-29  for  the  sp.  gr.  at  13°.  L.  Passerini  calculated  4-436 
for  the  sp.  gr.  from  the  lattice  data  ; and  found  the  lattice  has  the  side  a=8-280  A.  ; 
S.  Holgersson  gave  a=8-323  A.  W.  Biltz  and  co-workers  discussed  the  mol.  vol. 
E.  W.  Flosdorf  and  G.  B.  Kistiakowsky  examined  a mixture  of  chromic  and  zinc 
oxides  as  a catalyst. 

M.  Groger  prepared  violet-brown  zinc  pentoxyhexachromite,  5Zn0.3Zn(Cr02)2,  by  heating 
potassium  zinc  chromate,  and  extracting  the  product  with  water  ; G.  Viard  obtained  zinc 
oxydichromite,  ZnO.Zn(Cr02),,  by  calcining  ammonium  zinc  chromate ; zinc  oxytetra- 
chromitc,  Zn0.2Zn(Cr02)2,  by  calcining  a mixture  of  zinc  chloride  and  potassium  chromate  ; 
and  zinc  oxydecachromite,  Zn0.5Zn(Cr02)2,  by  calcining  at  a red-heat  a mixture  of  zinc 
oxide  and  potassium  diehromate. 

G.  Viard  obtained  cadmium  chromite,  by  passing  the  vapour  of  cadmium 
chloride,  in  a current  of  nitrogen  or  carbon  dioxide,  over  potassium  chromate  at 
a w-hite-heat ; also  by  heating  cadmium  chromate  to  dull  redness,  or  likewise  by 
heating  a mixture  of  cadmium  oxide  and  potassium  dichromate.  K.  Fischbeck 
and  E.  Einecke  made  it  as  in  the  case  of  the  magnesium  salt.  M.  L.  Huggins 
showed  that  the  crystals  are  of  the  spinel  type  and  he  discussed  the  electronic 
structure.  S.  Holgersson  gave  a=8-60  A.  for  the  lattice  parameter,  and  5-84  for 
the  sp.  gr.  According  to  G.  Viard,  the  black,  octahedral  crystals  have  a sp.  gr.  of 

5- 79  at  17°  ; they  scratch  glass  but  not  quartz  ; and  they  are  stable  in  acids. 

L.  Passerini  found  that  chromic  oxide  forms  a series  of  solid  soln.  when  it  is  heated 
with  alumina,  but  no  aluminium  chromite  is  formed  ; the  lattice  constants  of  the 
solid  soln.  range  from  a=4-950  A.  for  Cr203  to  4-740  A.  for  A1203,  and  c=6-806  A.  to 

6- 478  A.  S.  Veil  heated  compressed  mixtures  of  ceric  and  chromic  oxides,  and  deter- 
mined the  electrical  conductivities  and  coeff.  of  magnetization  of  the  mixtures.  The 
resulting  curves  indicated  the  existence  of  ceric  dichromite,  Ce02.Cr203  ; ceric 
tritoctochromite,  3Ce02.4Cr203 ; ceric  tetrachromite,  Ce02.2Cr203,  or  Ce(Cr02)4 ; 
and  ceric  decachromite,  Ce02.5Cr203 ; and  the  probable  existence  of  ceric 
pentitadichromite,  5Ce02.Cr203 ; ceric  heptitoctochromite,  7Ce02.4Cr203 ; and 
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ceric  octodecachromite,  Ce02.9Cr203.  G.  Chancel  mixed  alkaline  soln.  of  lead 
and  chromic  oxides,  and  obtained  a green  precipitate  of  lead  chromite,  Pb(Cr02)2. 
S.  H.  C.  Briggs  obtained  antimony  oxychromite,  2Sb203.Cr203,  by  heating  3-5 
grms.  of  antimony  oxychloride,  2Sb0Cl.Sb203,  with  8 grms.  of  chromic  trioxide 
and  8 c.c.  of  water  in  a sealed  tube  for  5 hrs.  at  200°.  The  brown  powder  was 
thoroughly  washed  and  dried.  It  was  insoluble'  in  alkali-lye,  water,  acids,  and 
aqua  regia.  S.  H.  C.  Briggs  heated  a mixture  of  5 grms.  of  bismuth  oxychloride, 
6 grms.  chromic  trioxide,  and  6 c.c.  of  water  in  a sealed  tube  at  200°  for  5 hrs. 
The  brown  product,  bismuth  oxychromite,  3Bi203.2Cr203,  resembled  antimony 
oxychromite.  For  tungstic  chromite,  vide  infra,  chromium  tungstate.  C.  F.  Ram- 
melsberg  obtained  what  was  thought  to  be  a yellowish-brown  precipitate  of  uranium 
chromite  mixed  with  chromate  by  treating  uranium  tetrachloride  with  potassium 
chromate. 

J.  J.  Ebelmen  obtained  manganese  chromite,  Mn(Cr02)2  by  heating  a mixture 
of  manganous  and  chromic  oxides  and  boric  oxide  in  a porcelain  oven,  and  washing 
the  product  with  hot,  cone,  hydrochloric  acid.  K.  Fischbeck  and  E.  Einecke  made 
it  as  in  the  case  of  the  magnesium  salt.  M.  Gerber  obtained  it  by  melting  a mixture 
of  anhydrous  manganese  chloride  and  potassium  dichromate.  M.  L.  Huggins 
showed  that  the  crystals  are  of  the  spinel  type  and  he  discussed  the  electronic 
structure.  J.  J.  Ebelmen  found  that  the  iron-grey,  octahedral  crystals  have  a 
sp.  gr.  of  3-87.  S.  Holgersson  gave  for  the  space-lattice  a=8-487  A.  J.  J.  Ebelmen 
found  that  the  crystals  scratch  glass  ; they  resist  attack  by  acids,  and  are  oxidized 
by  molten  potassium  hydroxide  and  potassium  nitrate — vide  infra,  manganese 
chromate. 

The  discovery  of  ferrous  chromite,  Fe(Cr02)2,  or  Fe0.Cr203,  by  L.  N.  Vauquelin  2 
has  been  previously  discussed.  The  occurrence  and  some  analyses  of  the  mineral 
have  also  been  indicated. 

Analyses  have  been  reported  by  H.  Abich,  E.  Bechi,  E.  Berthier,  G.  M.  Bock,  J.  C.  Booth 
and  C.  Lea,  L.  H.  Borgstrom,  A.  Christomanos,  F.  W.  Clarke,  E.  Divers,  L.  Duparc  and 

S.  P.  de  Rubies,  T.  H.  Garrett,  A.  Hilger,  A.  Hofmann,  G.  C.  Hofmann,  K.  von  John  and 

C.  F.  Eichleitner,  M.  Z.  Jovicic,  E.  Kaiser,  A.  Rnop,  F.  Kovar,  H.  E.  Kramm,  A.  Lacroix, 
A.  Laugier,  A.  Liversidge,  W.  G.  Maynard,  G.  P.  Merrill,  A.  Moberg,  H.  Pemberton, 

T.  Petersen,  J.  H.  Pratt,  G.  T.  Pripr,  C.  F.  Rammelsberg,  L.  E.  Rivot,  F.  Ryba,  H.  Seybert, 
E.  V.  Shannon,  E.  S.  Simpson,  J.  L.  Smith,  W.  Tassin,  H.  Traube,  G.  Tschermak,  F.  W.  Voit, 
T.  Wada,  W.  Wallace  and  R.  ]\  . Clark,  M.  Websky,  and  A.  E.  V.  Zeally. 

The  formula  was  discussed  by  C.  F.  Rammelsberg,  P.  Niggli,  E.  S.  Simpson, 
N.  Federowsky,  and  A.  Lacroix.  L.  W.  Fisher  found  that  pure  chromite  has  been 
found  only  in  meteorites  ; with  other  varieties  there  is  a wide  variation  in  the 
proportions  of  acid  and  base.  Nearly  all  the  chromites  which  have  been  analyzed 
show  one  or  more  oxides  in  excess.  This  may  be  due  to  incomplete  separation 
of  chromite  and  gangue.  Consequently,  its  composition  can  seldom  be  represented 
by  a definite  formula.  Chromite  is  a member  of  the  spinel  family,  but  all  the  family 
cannot  be  represented  in  definite  isomorphous  series. 

The  mineral  was  called  iron-chrome,  or  rather  Eisenchrom  by  P.  Meder,  and 

D.  L.  G.  Karsten  ; siderchrom,  by  J.  J.  N.  Huot ; chromoferrite,  by  E.  J.  Chapman  ; 
and  chromite,  by  W.  Haidinger.  Although  the  composition  approximates  Fe(Cr02)2, 
the  iron  may  be  in  part  replaced  by  magnesium  to  form  magnochromite  or  magnesio- 
chromile  (q.v.),  specimens  of  which  were  described  by  A.  Breithaupt,  M.  Websky,  and 
G.  M.  Bock.  Some  of  the  chromium  may  be  replaced  by  aluminium  and  by  ferric 
iron  as  in  the  chromopicolite  from  the  Dun  Mt.,  New  Zealand,  described  by  T.  Peter- 
sen. Chromite  thus  merges  by  gradations  into  spinel — e.g.  picolite.  A.  Lacroix 
described  a black  mineral  from  Madagascar  to  which  he  gave  the  name  chromo- 
hercynite,  and  its  composition  approximated  Fe(Cr02)2.(Fe,Mg,Mn)(A102)2, 
and  its  sp.  gr.  4-415.  According  to  H.  Arsandaux,  the  chromite  of  Mow  Djeti, 
Togo,  is  a chromiferous  ferropicotite,  (Mg,Fe,Mn)0.(Cr,Al,Fe)203.  The  mitchellite 
of  J.  H.  Pratt  can  be  represented  by  (Fe,Mg)0.(Cr,Al)203.  The  mineral  chromitite 
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obtained  by  M.  Z.  Jovicic  from  Western  Siberia  is  possibly  a mixture  of  chromite 
and  magnetite.  The  incomplete  analysis  corresponds  with  Fe203.Cr203,  but 
ferric  and  ferrous  oxides  are  not  distinguished  in  the  analysis.  The  sp.  gr.  is  3d. 
H.  Forestier  and  G.  Chaudron  found  that  ferric  and  chromic  oxides  form  solid 
soln. 

The  special  occurrence  of  chromite  was  discussed  by  A.  Arzruru.  E.  Berwerth,  E.  Cohen 
and  E.  Weinschenk,  L.  Colomba,  J.  S.  Diller,  C.  Doelter,  E.  von  Federoff  and  W.  Nikitin, 
L.  Cascuel,  A.  C.  Gill,  S.  G.  Gordon,  H.  S.  Harger,  R.  Helmhacker,  V.  Hilber  and  I.  Ippen, 

F.  C.  Hochstetter,  C.  Hiitter,  E.  Kaiser,  P.  Kato,  J.  H.  Lewis,  A.  Liversidge,  L.  F.  Lubo- 
getzky,  R.  W.  E.  Maclvor,  H.  B.  Maufe  and  co-workers,  M.  P.  Melnikoff,  A.  Michel-L6vy, 
J.  H.  Pratt,  A.  Rocati,  B.  Simmersbach,  E.  V.  Shannon,  A.  Stella,  O.  Stutzer,  P.  A.  Wagner, 
W.  Wallace  and  R.  M.  Clark,  O.  Weiss,  H.  E.  Williams,  F.  Zirkel,  etc. — vide  supra , the 
occurrence  of  chromium. 

The  origin  of  chromite  was  discussed  by  B.  Baumgartel,  F.  Beyschlag  and  co- 
workers,  C.  Camsell,  A.  Himmelbauer,  A.  de  Launay,  J.  H.  Pratt,  F.  Ryba, 

G.  M.  Schwartz,  E.  Sampson,  L.  W.  Fisher,  F.  E.  Keep,  C.  S.  Ross,  J.  T.  Singewald, 
J.  H.  L.  Vogt,  and  P.  A.  Wagner.*  The  occurrence  of  chromite  in  meteorites  was 
described  by  E.  Cohen,  A.  Daubree,  A.  Eberhard,  L.  Fletcher,  H.  B von  Foullon, 
W.  Haidinger,  0.  W.  Huntington,  G.  F.  Kunz,  A.  Laugier,  N.  S.  Maskelyne, 
C.  F.  Rammelsberg,  G.  Rose,  C.  U.  Shepard,  J.  L.  Smith,  F.  Stromeyer, 
G.  Tschermak,  T.  N.  Tschernyschoff,  R.  D.  M.  Veerbeck,  V.  Wartha,  and  F.  Wohler. 

J.  J.  Ebelmen  obtained  black  octahedral  crystals  by  heating  in  a porcelain 
oven  a mixture  of  chromic  and  ferric  oxides,  tartaric  acid,  and  boric  oxide  ; 
S.  Meunier,  by  heating  a mixture  of  iron  filings,  ferrous  carbonate  and  potassium 
dichromate,  or  a mixture  of  alumina,  colcothar,  chromic  oxide,  and  cryolite,  or 
a mixture  of  chrome  oxide,  ferrous  chloride,  in  a crucible  lined  with  cryolite  ; 
and  M.  Gerber,  by  melting  a mixture  of  anhydrous  ferrous  chloride  and  potassium 
dichromate.  Chromite  was  also  prepared  by  J.  A.  Hedvall,  and  K.  Fischbeck 
and  E.  Einecke,  by  heating  an  intimate  mixture  of  the  component  oxides ; and 
by  S.  Meunier,  by  heating  chlorides  of  iron  and  chromium  in  hydrogen,  and  after- 
wards in  steam.  J.  H.  Pratt  found  a peridotitic  magma,  containing  an  excess  of 
magnesia,  and  a little  aluminium  and  chromic  oxides,  in  which  crystals  of  chromite 
were  present ; and  J.  H.  L.  Vogt  observed  that  chromite  and  picotite  seem  to 
separate  first  from  such  magmas.  J.  Clouet,  and  F.  Fouque  and  A.  Michel-Levy 
described  crystals  of  a product  with  crystals  like  those  of  chromite,  but  with  the 
composition  ferrous  oxychromite,  Fe0.Fe(Cr02)2  ; they  were  obtained  by  adding 
ammonia  to  a mixed  soln.  of  iron  and  chromium  sulphates,  and  heating  the  precipi- 
tate with  borax.  C.  Sandonnini  observed  that  no  ferrite  is  formed  when  a mixture 
of  ferrous  and  chromic  hydroxides  is  oxidized. 

Chromite  commonly  occurs  in  granular  or  compact  masses  of  an  iron-black 
or  brownish-black  colour,  which,  according  to  J.  Thou’let,  may  be  yellowish-  or 
brownish-red  when  viewed  by  transmitted  light  in  thin  sections.  Chromite  also 
occurs  in  octahedral  crystals  described  by  E.  Hussak.  J.  Konigsberger  proved 
that  the  crystals  are  isotropic.  G.  Sukkow  found  some  crystals  twinned  according 
to  the  spinel  law  ; and  A.  Knop  observed  some  chromite  crystals  with  growths 
of  rutile  and  zircon.  Ferrous  and  magnesium  chromites  form  solid  soln.  ; so 
also  do  ferrous  chromite  and  ferrous  aluminate.  There  is  also  evidence  that  some 
ferrites  and  chromites  form  solid  soln.  L.  W.  Fisher  found  that  members  of  the 
spinel  family  are  not  always  isomorphous,  but  that  these  series  are  so  : (i)  spinel, 
magnochromite,  and  chromite  ; (ii)  magnetite,  kreittonite,  dysluite,  and  jahrite  ; 
(iii)  spinel,  magnesioferrite,  and  magnetite  ; and  (iv)  gahnite,  spinel,  and  franklinite. 
P.  F.  Kerr  studied  the  X-radiograms  ; and  P.  E.  Wretblad,  and  L.  Passerini  found 
that  ferric  and  chromic  oxides  furnish  a complete  series  of  solid  soln.  with  cells 
having  axial  ratios  and  densities  which  are  linear  functions  of  the  composition.  The 
subject  was  discussed  by  G.  Grenet.  L.  Tokody  found  that  the  cubic  lattice  of 
chromite  has  «=8-05  A.,  and  eight  mols.  per  unit  lattice  ; and  S.  Holgersson  gave 
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((=8-319  A.  P.  Niggli  discussed  the  lattice  structure  which  is  taken  to  be  that  of  the 
spinels — vide  magnetite.  H.  Schneiderhohn  discussed  the  microstructure  of 
polished  sections  of  the  mineral.  L.  W.  Fisher  said  that  the  colour  of  these  sections 
corresponds  roughly  with  the  chemical  composition.  With  a low  proportion  of 
chromic  oxide  as  in  picotite,  the  colour  is  yellowish-brown ; and  with  a high 
proportion  of  chromic  oxide  the  colour  is  deep  cherry-red  or  coffee-brown. 
Anastomosing  black,  opaque  lines  traversing  translucent  grains  are  due  to  the 
presence  of  a foreign  substance  present  either  as  a solid  soln.,  or  deposited  as  a 
cement  along  narrow  or  incipient  fractures.  The  sp.  gr.  of  the  mineral  ranges 
from  4-1  to  4'9  ; E.  F.  Harroun  and  E.  Wilson  gave  3-88  to  4-15.  J.  J.  Ebelmen’s 
artificial  chromite  had  a sp.  gr.  of  4-97 — vide  infra.  The  less  the  proportion  of  iron, 
the  smaller  the  sp.  gr.,  and  the  harder  the  mineral  on  the  octahedral  face.  The 
hardness  is  about  5-5.  P.  J.  Holmquist  obtained  the  following  results  for  the  cutting 
hardness  on  the  octahedral  faces  when  the  hardness  of  quartz  is  1000.  The 
hardnesses  of  the  samples  with  an  asterisk  are  mean  values  for  all  the  faces. 

Sp.  gr.  . . 3-6  3-2  3-6  4 116  4-283  4-283 

Hardness  . 1779  1621  1531*  1232*  1031*  806* 


The  hardness  decreases  from  that  spinel  proper,  Mg(A102)2,  as  the  proportion  of 
iron  and  chromium  increases.  Y.  Tadokoro  found  the  coeff.  of  thermal  expansion 
and  sp.  gr.  of  chromite  bricks  to  be  : 


20° 

100° 

250°  500° 

760° 

950° 

Sp.  gr.  . . 2-982 

2-978 

2-966  2-945 

2-925 

2-910 

Coeff.  expansion  — 

0-0570 

0-0697  0-0590 

0-0688 

0-0590 

The  thermal  expansions  of  chromite  from  different  sources,  between  20°  and  1000' 

in  oxidizing  and  reducing  atm.,  were  : 

Oxidizing. 

Reducing. 

Rhodesian  . ... 

. 7-29  X 10-® 

17-45  X 10-* 

African 

. 8-51  xlO-o 

39-01  X 10-* 

Grecian 

. 8-32  x 10-6 

10-06  X 10-* 

Indian 

■.  7-29x10-* 

15-91X10-* 

F.  H.  Norton  gave  for  the  thermal  conductivity : 

200° 

400° 

600°  800° 

1000° 

1200°  1400° 

Heat  conductivity  . 0-0034 

0-0037 

0-0039  0-0040 

0-0040  0-0041  0-0041 

H.  Kopp  found  the  sp.  ht.  of  chromite  to  be  0-159  between  16°  and  47°.  E.  D.  Clark, 
and  G.  Spezia  found  that  chromite  fuses  in  the  oxyhydrogen  flame.  A.  Brun  found 
samples  of  chromite  with  m.p.,  respectively,  1670°  and  1850°.  C.  Doelter  considered 
these  results  too  high  and  gave  1450°  for  the  m.p.  of  a sample  from  Kraubath 
and  added  that  the  mineral  was  liquid  at  1600°.  The  m.p.  of  the  mineral  naturally 
depends  on  the  proportion  of  iron,  etc.  E.  S.  Larsen  found  the  index  of  refraction 
to  be  2-08  to  2-10.  W.  W.  Coblentz  observed  that  the  ultra-red  reflecting  power 
of  chromite  is  uniformly  4 per  cent,  between  wave-lengths  Ifi  and  1 1/lx.  A.  de 
Gramont  studied  the  spark  spectrum.  W.  T.  Wherry  found  chromite  to  be  a 
good  radio-detector.  T.  W.  Case  said  that  chromite  is  a poor  electrical  conductor, 
and  the  conductivity  is  not  affected  by  exposure  to  light.  K.  Fischbeck  and 
E.  Einecke  found  the  resistance  to  be  about  22xl04  ohms.  R.  D.  Harvey  studied 
this  subject.  Chromite  is  not  magnetic,  but  it  may  appear  to  be  magnetic  if 
contaminated  with  magnetite.  E.  F.  Herroun  and  E.  Wilson  gave  79xl0-6  mass 
units  for  the  magnetic  susceptibility  ; and  F.  Stutzer  and  co-workers  gave  244  X 10-6 
units  for  the  coeff.  of  magnetization.  H.  A.  J.  Wilkens  and  H.  B.  C.  Nitze  discussed 
the  magnetic  separation  of  chromite.  E.  von  Federoff  observed  pseudomorphs 
of  haematite  after  chromite.  According  to  E.  Zalinsky,  acids  are  without  action 
on  chromite  ; finely  powdered  magnetite  was  dissolved  by  hydrofluoric  acid 
under  conditions  where  chromite  was  not  attacked.  On  the  other  hand,  G.  Piolti 
said  that  200  c.c.  of  sulphuric  acid,  mixed  with  an  equal  voL  of  water,  dissolved 
13-42  per  cent,  of  chromite  in  about  56  hrs.  ; and  a soln.  of  oxalic  acid  in  the  same 
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time  formed  a green  soln.  Y.  Kato  and  R.  Ikeno  discussed  the  processes  for  decom- 
posing chromite. 

R.  J.  Elliot  obtained  dark  green  cobalt  chromite,  Co(Cr02)2,  by  precipitating 
a mixed  soln.  of  equimolar  parts  of  chrome-alum  and  cobalt  chloride  by  sodium 
carbonate.  The  product  is  non-magnetic.  G.  Natta  and  L.  Passerini  obtained 
cobalt  chromite  and  found  that  the  length  of  unit  cell  of  the  spinel  type  is  o=8-31  A. ; 
the  vol.  is  574xI0“24  c.c.  ; and  the  sp.  gr.  5-14.  J.  A.  Hedvall  heated  a mixture 
of  cobalt  and  chromic  oxides  and  obtained  octahedral  crystals  of  cobalt  chromite 
which  are  but  little  attacked  by  acids.  K.  Fischbeck  and  E.  Einecke  prepared 
cobalt  chromite  by  sintering  a mixture  of  the  component  oxides  ; and  similarly 
also  with  nickel  chromite,  Ni(Cr02)2.  R.  J.  Elliot  also  obtained  nickel  chromite 
by  a process  analogous  to  that  used  for  the  cobalt  salt.  The  greyish-green  nickel 
chromite  is  non-magnetic.  S.  Veil  found  that  the  magnetization  coeff.  of  mixtures 
of  the  constituent  oxides  show  maxima  corresponding  with  the  pure  chromites. 
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§ 12.  Intermediate  Chromium  Oxides 

A number  of  oxides,  with  compositions  intermediate  between  those  of  chromic 
oxide,  Cr203,  and  chromic  anhydride,  Cr03,  has  been  reported.  These  oxides 
include  Cr5O0,  Cr305,  Cr306,  Cr5013,  Cr6012,  and  Cr6015.  They  are  sometimes 
represented  as  chromium  chromates.  Their  individuality  is  not  well  established. 
K.  Honda  heated  chromium  trioxide  in  an  apparatus  recording  the  losses  in  weight 
in  terms  of  the  movement  of  an  indicator  on  a scale.  There  is  first  the  expulsion 
of  moisture,  and,  at  about  300°,  Cr0O15  is  formed ; then,  at  420°,  Cr509 ; and,  at  about 
450°,  chromic  oxide,  Cr203.  The  results  agree  with  the  magnetic  observations 
of  K.  Honda  and  T.  Sone,1  who  found  that  at  about  280°,  Cr6015  is  formed  and  at 
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420°,  Cr203  ; while  between  300°  and  400°,  the  strongly  paramagnetic  Cr6015, 
and  the  ferromagnetic  Cr509  are  present  as  a mixture.  A.  Simon  and  T.  Schmidt 
could  not  obtain  these  oxides.  They  observed  only  two  intermediate  oxides,  as 
illustrated  by  Fig.  22,  namely,  chromium  pentitatridecoxide,  Cr5013,  and  chromium 
pentitadodecoxide,  Cr5012.  The  other  intermediate  oxides  reported  in  the  literature 
either  do  not  exist  or  are  too  unstable  to  appear  under  these  conditions. 

The  first  member,  chromium  pentitenneaoxide,  Cr509,  or  2Cr203.Cr03,  was 
obtained  by  F.  Wohler  by  passing  the  vapour  of  chromyl  chloride  through  a tube 
at  a temp,  between  300°  and  dull  redness.  If  the  temp,  be  too  high,  free  chromic 
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oxide  is  formed  ; and  A.  Geuther  and  V.  Merz  said  that  if  it  be  too  low,  free 
chromic  anhydride  will  be  present.  A.  Geuther  and  V.  Merz  also  obtained  a 
small  yield  of  this  oxide  by  heating  chromic  anhydride  alone,  or  in  a current  of 
oxygen.  According  to  0.  Popp,  an  enneahydrate,  2Cr2O3.CrO3.9H2O,  is  produced 
as  a brown  mass  when  a soln.  of  sodium  thiosulphate,  with  potassium  dichromate 
is  boiled.  E.  Kopp  said  that  this  product  is  the  Cr8015-oxide.  According  to 
L.  Blanc,  if  precipitated  chromic  oxide,  a-Cr203,  be  heated  to  230°  for  some  time 
it  passes  into  chromium  dioxide,  Cr02,  and  if  this  product  be  hydrolyzed,  it  forms 
amorphous  or  a-Cr509  ; and  if  this  product  be  heated  between  350°  and  400°, 
it  forms  a mixture  of  crystalline  or  jS-Cr509,  and  /5-Cr203.  At  450°,  this  reaction 
is  instantaneous  with  the  evolution  of  much  heat.  At  300°,  the  reaction 
2a-Cr509+02->10Cr02  occurs  ; and  at  350°,  10Cr02->2Cr509+02.  According 
to  L.  Blanc,  if  a salt  of  tervalent  aluminium,  iron,  or  chromium  be  added  to  a soln. 
of  a neutral  chromate,  and  the  precipitate  be  washed  with  boiling  water,  yellow 
aluminium  chromate,  2Al203.Cr03 ; or  brown  ferric  chromate,  2Fe203.Cr03 ; 
or  brown  chromic  chromate,  2Cr203.Cr03,  is  formed  as  the"  case  may  be.  It  is 
therefore  inferred  that  the  pentita-enneaoxide  is  a chromic  chromate.  L.  Blanc 
and  G.  Chaudron  assumed  that  there  are  two  forms  of  Cr509  with  a transition  temp, 
at  440° — vide  supra,  chromic  oxide.  A.  Geuther  and  V.  Merz  observed  that  the 
Cr509-oxide  furnishes  rhombic  prisms  paler  in  colour  than  chromic  oxide,  and  having 
a violet  tinge.  The  sp.  gr.  is  4-0  at  10°  ; and  they  considered  that  F.  Wohler’s 
amorphous,  black  powder  was  probably  the  impure  oxide.  F.  Wohler  said  that 
the  compound  is  magnetic,  but,  added  E.  Wedekind  and  K.  Fetzer,  not  so  magnetic 
as  manganese  phosphide.  While  F.  Wohler  thought  the  magnetic  oxide  of 
chromium  is  Cr304  ; A.  Geuther  and  V.  Merz,  Cr509  ; and  I.  Schukoff,  Cr409, 
L.  Blanc  showed  that  the  magnetic  oxide  is  probably  an  unstable  variety  of  Cr509 
intermediate  between  the  a-  and  /8-forms.  The  magnetic  susceptibility  with 
between  0 and  200  gauss  is  nearly  equal  to  that  of  magnetite.  K.  Honda  and 
T.  Sone  gave  for  the  magnetic  susceptibility,  with  a field  of  strength  H gauss  : 

H . .294  646  1306  2012  3064  6682  9260 

X . .718  640  487  408  300  137  99 

According  to  I.  Schukoff,  the  intermediate  oxides  obtained  by  heating  chromyl 
chloride  or  chromic  anhydride  are  magnetic  or  not,  according  to  the  conditions. 
If  the  decomposition  is  controlled  so  that  the  temp,  does  not  rise  above  500°, 
the  oxides  obtained  are  only  feebly  magnetic.  On  heating,  however,  to  500°-510°, 
13-14  per  cent,  of  oxygen  is  evolved,  and  the  black  mass,  which  has  the  composition 
2Cr03.Cr203,  is  strongly  magnetic.  An  oxide  of  the  same  composition,  but 
prepared  at  450°,  was  very  feebly  magnetic.  A crystalline  magnetic  oxide  was 
obtained  by  the  decomposition  of  chromyl  chloride  ; when  ignited,  it  loses  only 
3-4-4  per  cent,  of  oxygen.  According  to  F.  Wohler,  the  Cr509-oxide  is  reduced 
to  chromic  oxide  when  heated  in  hydrogen  ; and  when  heated  in  air,  it  forms  green 
chromic  oxide,  and  is  then  no  longer  magnetic.  A.  Geuther  and  V.  Merz  also 
found  that  the  oxide  is  slowly  reduced  to  chromic  oxide  when  heated  in  air ; 
it  is  insoluble  in  hydrochloric  and  nitric  acids,  in  aqua  regia,  and  in  a mixture 
of  nitric  and  hydrofluoric  acids  ; boiling  alkali-lye  slowly  decomposes  it  into 
chromic  oxide  and  chromic  anhydride  ; and  it  is  easily  decomposed  by  fused 
alkali  hydroxides. 

. According  to  M.  Traube,2  when  chromic  anhydride  is  exposed  on  a glass  plate,  it  dries 
to  a brown  crust  which  is  insoluble  in  water,  and  adheres  strongly  to  the  glass.  Its  com- 
position agrees  with  chromium  oetitapentadecaoxide,  Cr8016,  or  2Cr.,03.3Cr03  ; and  it  is 
supposed  to  be  produced  by  the  action  of  the  dust  in  the  air.  It  can  be  obtained  by 
treating  a moderately  dil.  soln.  of  chromic  acid  at  ordinary  temp,  with  an  excess  of  alcohol, 
and  heating  the  mixture  after  the  evolution  of  aldehyde  has  ceased.  Part  of  the  oxide 
settles  quickly  and  part  remains  in  suspension  for  some  weeks.  The  precipitate  is 
boiled  until  the  smell  of  acetic  is  evident,  then  agitated  with  water,  and  lastly  with  alcohol 
until  nothing  is  dissolved  out  by  either  liquid.  The  dried  product  is  a greenish-brown 
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powder  ; before  drying,  the  product  is  readilv  dissolved  in  hydrochloric  and  nitric  acids, 
and  alkali-lye,  but  less  readily  in  acetic  acid.  Ammonia  precipitates  hydrated  chromic 
oxide  from  the  soln.  in  acids.  A.  Simon  and  T.  Schmidt  observed  that  when  CT8016.nH20 
is  heated,  water  and  oxygen  are  simultaneously  given  off  between  100°  and  400°.  The 
brown  powder  obtained  by  C.  F.  Rammelsberg  by  mixing  soln.  of  clirome-alura  and  potas- 
sium dichromate  was  considered  to  be  the  enneahydrate,  2Cr,03.3Cr03.9H20  ; but  C.  W.  Eliot 
and  F.  H.  Storer  showed  that  it  is  probably  a mixture. 

L.  N.  Vauquelin  3 prepared  brown  oxide  of  chromium,  or  chromium  dioxide, 
Cr203.Cr03,  or  Cr204,  or  Cr02,  or  chromyl  chromate,  (Cr0)2Cr04,  by  heating  chromic 
nitrate  until  all  the  nitric  acid  is  expelled,  repeating  the  treatment  with  nitric 
acid,  and  finally  heating  the  product  short  of  redness  ; F.  Brandenburg  employed 
a similar  process.  M.  Z.  Jovitschitsch  heated  the  nitrate  to  290°  ; and  L.  Blanc 
heated  amorphous  chromic  oxide  to  280° — vide  supra.  A.  Maus  added  that  the 
temp,  required  to  expel  all  the  nitric  acid  results  in  the  formation  of  chromic 
oxide.  The  product  obtained  by  heating  hydrated  chromic  oxide  below  redness, 
in  air — to  200°-250°,  according  to  H.  Lowel — is,  according  to  M.  Kruger,  chromium 
dioxide  but  C.  W.  Eliot  and  F.  H.  Storer,  and  M.  Siewert  said  that  this  product 
is  only  a mixture.  H.  Moissan,  and  W.  Manchot  prepared  this  oxide  by  heating 
hydrated  chromic  oxide  to  330°-440°  in  a current  of  oxygen ; M.  Z.  Jovitschitsch 
said  that  anhydrous  chromium  chromate  cannot  be  prepared  by  heating  the 
hydrated  oxide  since  decomposition  occurs  before  the  last  mol.  of  water  is  expelled. 
G.  N.  Ridley  obtained  it  by  heating  chromic  anhydride  to  250°  ; by  passing  sulphur 
dioxide  over  heated  chromic  anhydride  ; and  by  gently  heating  a mixture  of 
chromic  anhydride  and  phosphorus  in  a crucible  until  all  takes  fire.  E.  Moles 
and  F.  Gonzalez  prepared  the  dioxide  by  heating  ammonium  dichromate  to  225°  ; 
and  E.  Maumene,  by  heating  ammonium  chromate  to  204°. 

A number  of  hydrates  of  chromium  dioxide  has  been  reported.  According 
to  C.  W.  Eliot  and  F.  H.  Storer,  the  compound  is  not  produced  by  boiling  an  aq. 
soln.  of  ammonium  chromate  ; nor  as  indicated  by  L.  N.  Vauquelin,  and  H.  Moser, 
by  passing  chlorine  through  a soln.  of  a chromic  salt,  and  precipitating  with  potash - 
lye  ; nor,  as  indicated  by  H.  Schiff,  by  treating  hydrated  chromic  oxide,  or  violet 
chromic  chloride  with  bleaching  powder.  K.  Seubert  and  J.  Carstens  assumed 
that  chromium  dioxide  is  formed  as  an  intermediate  stage  in  the  reduction  of 
chromic  anhydride  by  an  iodide,  or  by  hydrazine  ; but  R.  Luther  and  T.  F.  Rutter 
preferred  the  assumption  that  the  reduction  proceeds  through  stages  involving 
sexi-,  quinque-,  quadri-,  and  ter-valent  chromium.  The  reaction  was  also  discussed 
by  W.  L.  Miller.  According  to  A.  Maus,  hydrated  chromium  dioxide  is  formed 
by  digesting  hydrated  chromic  oxide  with  a soln.  of  chromic  acid — not  in  excess. 
A.  Maus  obtained  it  by  digesting  a hot  soln.  of  potassium'  chromate  with  chromic 
chloride,  A.  Bensch,  with  chromic  sulphate,  and  C.  W.  Eliot  and  F.  H.  Storer, 
with  chrome-alum.  E.  Schweitzer,  P.  Grouvelle,  and  C.  W.  Eliot  and  F.  H.  Storer 
treated  a soln.  of  potassium  dichromate  with  nitric  oxide  ; O.  Popp,  and  E.  Kopp, 
with  sodium  thiosulphate  ; G.  N.  Ridley,  with  stannous  chloride  ; A.  Vogel, 
and  L.  Godefroy,  with  alcohol ; J.  W.  Swan,  with  organic  substances  ; and  H.  Schiff, 
with  oxalic  acid.  T.  E.  Thorpe  obtained  it  by  treating  a soln.  of  chromium 
hexoxydichloride  with  ammonia.  P.  A.  Meerburg  found  that  colloidal  chromium 
dioxide  is  formed  when  a soln.  of  chromic  acid  is  treated  with  potassium  iodide. 
The  colloid  is  slowly  modified  with  a decreased  absorptive  power.  The  amount 
of  water  absorbed  over  cone,  sulphuric  acid  at  ordinary  temp,  is  greater  than  at 
100°.  A rise  of  temp,  over  100J  increases  the  loss  of  water,  and  decreases  the 
absorptive  power. 

According  to  A.  Vogel,  the  product  dried  at  100°  is  the  dihydrate,  Cr02.2H20, 
while  L.  Godefroy  represented  it  as  a hemitrihydrate,  Cr02-12H20,  which  he  sym- 
bolized (HO)3=Cr— O— Cr=(OH)3.  W.  M.  Horton  found  that  by  heating 
ammonium  dichromate  in  air  below  190°  a hemihydrate,  2Cr02.H20,  is  formed 
as  a black  powder.  J.  J.  Berzelius  supposed  the  brown  oxide  prepared  by 
L.  N.  Vauquelin  to  be  a definite  oxide  ; T.  Thomson,  and  J.  M.  Godon  de  St. 
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Menin  seem  to  have  regarded  it  as  a mixture  of  chromic  oxide  and  chromic 
anhydride  ; and  J.  F.  John,  C.  W.  Eliot  and  F.  H.  Storer,  J.  W.  Dobereiner, 
and  A.  Maus,  as  a feeble  compound  of  green  chromic  oxide  and  chromic  acid — 
namely,  chromium  chromate.  According  to  M.  Z.  Jovitschitsch,  when  a soln. 
of  chromic  oxide  in  nitric  acid  is  evaporated  until  excess  of  acid  is  removed  and 
the  residue  is  dissolved  in  water  and  treated  with  ammonia,  a dark  brown,  almost 
black  product  is  obtained,  analyses  of  which  are  in  agreement  with  the  formula, 
Cr2(0H)8.H20,  or  Cr03.Cr203.7H20.  The  loss  of  1H20  over  sulphuric  acid,  of 
2H20  at  105°,  and  of  6H20  at  205°  is  more  readily  explained  by  the  former,  but 
the  chromium  content  and  particularly  the  possibility  of  the  preparation  of 
anhydrous  chromium  chromate  from  the  substance,  favour  the  formula 
Cr203.Cr03.7H20.  The  analytical  data  agree  equally  well  with  those  required 
for  the  peroxide,  Cr02,  but  the  readiness  with  which  the  substance  is  converted 
by  ammonia,  alkali  carbonate,  or  hydroxide  or  by  boiling  water  into  chromium 
hydroxide  and  chromate  is  interpreted  in  favour  of  a salt-like  constitution. 
W.  Manchot  and  R.  Kraus  said  that  the  product  obtained  by  heating  chromic 
hydroxide  to  320°  to  345°  for  several  hrs.  is  a hygroscopic,  black  powder  con- 
taining 6 to  7 per  cent,  of  water.  Its  general  properties  are  those  of  a peroxide 
and  not  of  a chromic  chromate,  and  the  formula  is  probably  0 : Cr  : 0.  It  thus 
differs  from  the  peroxide,  0 : Cr.O.O.Cr  : O,  which  appears  as  the  primary  product 
of  the  autoxidation  of  chromous  oxide.  The  existence  of  this  chromium  dioxide  is 
regarded  as  evidence  in  favour  of  the  view  that  chromium  is  quadrivalent  in 
chromium  trioxide.  A.  Simon  and  T.  Schmidt  observed  that  oxygen  is  given  off, 
and  the  dioxide  passes  into  chromic  oxide  at  380°.  E.  Moles  and  F.  Gonzalez 
gave  for  the  magnetic  susceptibility  42-2  x 10-6  units. 

Chromium  dioxide  is  a dark  grey,  almost  black,  solid  which  gives  off  oxygen 
at  300°  forming  green  chromic  oxide.  L.  and  P.  Wohler  said  that  the  decomposi- 
tion of  chromium  dioxide  in  vacuo  begins  at  about  280°.  When  prepared  by  igniting 
hydrated  chromic  oxide,  W.  Manchot  and  R.  Kraus  found  that  it  contained 
6 or  7 per  cent,  of  water  which  is  evolved  along  with  oxygen  at  a red-heat,  and 
chromic  oxide  remains.  E.  Hintz  found  that  when  heated  with  chlorine,  at  about 
250°,  it  forms  chromic  and  chromyl  chlorides ; when  treated  with  water,  it  forms 
no  chromic  acid ; but  M.  Martinon  found  that  with  hydrogen  dioxide,  oxygen  is 
rapidly  evolved  at  68°,  and  the  addition  of  a few  drops  of  sulphuric  acid  results 
in  the  formation  of  blue  perchromic  acid.  This  agrees  with  the  hypothesis  that 
the  dioxide  is  chromium  chromate.  H.  Moissan,  and  W.  Manchot  and  R.  Kraus 
found  that  it  reacts  slowly  with  hydrochloric  acid  liberating  chlorine  ; and  it 
likewise  reacts  with  hydriodic  acid  liberating  iodine.  M.  Kruger  said  that  with  a 
mixture  of  pyrosulphuric  acid  and  sodium  chloride,  chlorine  and  not  chromyl  chloride 
is  formed ; and  with  cone,  sulphuric  acid  and  sodium  chloride,  C.  W.  Eliot  and 
F.  H.  Storer  obtained  chromyl  chloride.  H.  Moissan,  O.  Popp,  etc.,  found  that  it  is 
soluble  in  sulphuric  acid.  W.  Manchot  and  R.  Kraus  found  that  when  warmed  with 
sulphur  dioxide,  sulphur  trioxide  is  formed ; and  warm  sulphurous  acid  is  con- 
verted into  sulphuric  acid.  C.  W.  Eliot  and  F.  H.  Storer,  O.  Popp,  etc.,  observed 
that  chromic  dioxide  readily  dissolves  in  dil.  nitric  acid  ; the  soln.  is  reddish- 
brown,  and  gives  a dirty  green  precipitate  with  ammonia.  W.  Manchot  and 
R.  Kraus  found  that  cone,  nitric  acid  converts  the  dioxide  into  chromic  acid. 
E.  Hintz  found  that  it  is  scarcely  attacked  by  phosphorus  pentachloride  at  250°. 
A.  Maus  stated  that  a little  arsenic  acid  converts  the  dioxide  into  chromic  arsenate, 
which  is  soluble  in  an  excess  of  arsenic  acid.  The  dioxide  is  insoluble  in  ether, 
acetone,  and  other  organic  liquids  ; and  0.  Popp  said  that  the  dioxide  dissolves 
with  difficulty  in  acetic  acid.  M.  Kruger,  W.  Manchot  and  R.  Kraus,  etc.,  observed 
that  boiling  potassium  or  sodium  hydroxide  converts  the  dioxide  into  a soln.  of 
alkali  chromate,  and  a precipitate  of  hydrated  chromic  oxide.  This  simultaneous 
oxidation  and  reduction  furnishes  an  illustration  of  the  acidic  and  basic  properties 
of  chromium  dioxide.  A.  Maus  found  that  when  digested  with  lead  acetate  in 
VOL.  xi.  p 
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the  presence  of  acetic  acid,  lead  chromate  and  chromic  acetate  are  formed. 

E.  Maumene  said  that  the  brown  oxide  is  soluble  in  aq.  chromic  acid,  or  in  soln. 
of  alkali  dichromates,  and  when  the  brown  soln.  are  diluted  with  water,  the  brown 
oxide  is  re-precipitated. 

I.  Schukoff  4 heated  chromic  anhydride  to  500°-510°  and  obtained  chromium  tctrita- 
enneaoxide,  Cr409,  or  Cr203.2Cr03.  The  magnetic  qualities  of  this  substance  disappear  at 
-120°-130°,  and  reappear  on  cooling.  For  Cr203.6Cr03,  vide  infra,  chromium  dichromate. 
For  chromium  pentitatridecoxide,  Cr6013,  vide  supra.  The  heating  curve  of  A.  Simon 
and  T.  Schmidt  is  shown  in  Fig.  22,  and  the  dissociation  press,  in  Fig.  23.  According 
to  J.  W.  Dobereiner,  and  M.  Traube,  chromium  pentitadodecoxide,  Cr6012,  or  Cr203.3Cr03, 
i.e.  normal  chromium  chromate,  or  chromic  chromate,  Cr2(Cr04)3)  is  formed  when  chromic 
anhydride  is  heated  to  about  250°.  By  boiling  the  product  with  water,  or  after  standing 
a long  time  in  contact  with  that  liquid,  it  is  converted  into  a soluble  modification.  The 
other  reactions  resemble  those  obtained  with  the  preceding  oxide.  A.  Simon  and 
T.  Schmidt’s  heating  curve  is  shown  in  Fig:  22,  and  the  dissociation  press,  curve  in  Fig.  23. 

G.  Rothaug’s  observations  were  discussed  in  connection  with  the  oxidation  of  chromic 
oxide.  S.  Takegami  observed  that  chromic  chromate  is  sometimes  deposited  in  a colloidal 
form  on  the  cathode  during  the  electrolysis  of  soln.  of  chromic  acid.  This  occurs  when  the 
ratio  of  ter-  to  sexivalent  chromium  is  1 : 0-5.  Observations  were  previously  made  by 
E.  Muller  and  co-workers  who  regard  the  film  as  Cr2(0H)4Cr04 — vide  supra,  the  deposition 
of  chromium.  A.  Maus  found  that  chromium  hexilapentadecaoxide,  Cr6Ol6,  or  Cr203.4Cr03, 
is  formed  when  a hydrated  chromic  oxide  or  chromic  carbonate  is  dissolved  in  a cold,  aq. 
soln.  of  chromic  acid,  and  the  soln.  evaporated.  The  brittle,  homy  product  is  permanent 
in  air,  and  dissolves  without  change  in  alcohol ; the  soln.  may  be  evaporated  a number  of 
times  at  100°  without  decomposition,  but  A.  A.  Hayes  observed  that  if  kept  for  a long  time 
at  that  temp,  the  compound  becomes  insoluble.  K.  Honda  and  co-workers  obtained  this 
product  by  heating  chromium  trioxide  to  280°,  and  they  said  that  its  magnetic  suscepti- 
bility at  room  temp,  is  14‘2  x 10~6.  C.  D.  Braun  treated  a cone.  aq.  soln.  of  potassium 
ferrocyanide  with  potassium  dichromate,  and  on  evaporation  obtained  a resinous  mass  of 
the  dodecahydrate,  Cr6015.12H20. 

C.  W.  Eliot  and  F.  H.  Storer  summed  up  the  result  of  their  examination  of 
these  intermediate  oxides  by  saying  : “ There  is  not  a particle  of  evidence  of  the 
existence  of  any  chromate  of  chromium  containing  more  than  one  equivalent  of 
chromic  acid.”  The  position  is  very  nearly  the  same  to-day. 

According  to  J.  Heintze,5  by  passing  a slow  current  of  ammonia  into  a dil. 
chloroform  soln.  of  chromyl  chloride  and  by  evaporating  the  solvent,  there  remains  . 
brown  ammonium  chromochromate,  NH40.Cr02.0.Cr.0.Cr02.0NH4,  which  loses 
water  and  ammonia  when  heated,  forming  chromic  oxide.  The  salt  forms  a 
brownish-yellow  soln.  with  water,  but  it  is  insoluble  in  alcohol,  ether,  chloroform, 
and  glacial  acetic  acid  ; it  dissolves  in  cone,  acids,  and  the  acid  soln.,  when  diluted 
with  water,  deposits  the  original  salt  as  a brown  powder.  The  salt  is  decomposed 
by  soda-lye,  giving  off  ammonia.  J.  Heintze  prepared  potassium  chromochromate 
in  an  analogous  manner,  but  neither  A.  Leist,  nor  A.  Werner  and  A.  Klein  could 
verify  this.  D.  Tommasi  reported  potassium  chromic  hydroxychromate, 
K2Cr04.2Cr(0H)Cr04,  to  be  formed  by  the  action  of  nitric  oxide  on  a soln.  of  one 
part  of  potassium  dichromate  in  2 parts  of  fuming  nitric  acid,  at  70°  ; evaporating 
the  product  to  dryness  on  a water- bath  ; extracting  with  hot  water  ; and  drying 
at  150°.  The  violet-brown,  amorphous  powder  is  without  taste  or  smell ; its 
sp.  gr.  at  14°  is  2-28  ; it  melts  at  300°,  and  decomposes  : K2Cr04.2Cr(0H)Cr04 
=2Cr203-f K2Cr04-t-H20-f-30.  When  mixed  with  potassium  chlorate  it  does 
not  detonate  by  percussion,  but  it  burns  vigorously  when  heated.  It  is  insoluble 
in  wrater,  alcohol,  and  acetic  acid  ; cone,  nitric  acid  has  very  little  action  in  the 
cold,  but  when  heated  the  salt  is  partially  oxidized.  The  salt  is  not  attacked 
by  cold,  cone,  sulphuric  acid,  but  the  hot  acid  forms  a green  soln.  ; and  with  hot, 
cone,  hydrochloric  acid,  chlorine  is  evolved. 
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§ 13.  Chromium  Trioxide,  and  Chromic  Acid 

The  oxidation  of  chromic  oxide,  or  hydrated  chromic  oxide  furnishes  chromium 
trioxide,  or  chromic  anhydride,  Cr03  ; it  was  discovered  by  A.  Mussin-Puschkin,1 
and  afterwards  investigated  by  L.  N.  Vauquelin,  H.  Moser,  and  J.  B.  Richter. 
Chromic  oxide  is  oxidized  to  chromium  trioxide,  as  previously  indicated,  by  heating  it 
in  the  presence  of  bases  in  air.  J.  Milbauer  found  that  with  oxygen  at  12  atm.  press., 
and  300°,  only  a partial  conversion  of  chromic  oxide  to  chromium  trioxide  occurs  ; 
and  the  conversion  is  complete  at  460°  and  12  atm.  press,  in  the  presence  of  the 
oxides  of  silver,  magnesium,  zinc,  cadmium,  and  lead.  The  oxidation  occurs  more 
readily  than  with  oxygen  if  chromic  oxide  be  heated  with  oxidizing  agents — e.q. 
alkali  nitrate,  chlorate,  dioxide,  etc.  A.  Mailfert  found  that  ozone  converts 
chromic  hydroxide  into  chromium  trioxide.  In  alkaline  soln.,  chromic  oxide  or 
hydroxide  is  oxidized  to  the  trioxide  by  chlorine  or  hypochlorite  (A.  J.  Balard, 
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H.  Vohl),  fluorine  (F.  Fichter  and  E.  Brunner),  bromine  (F.  H.  Storer,  F.  Melde), 
iodine  (E.  Lenssen),  hydrogen  dioxide  or  alkali  dioxide  (E.  Lenssen),  potassium 
persulphate  (H.  Marshall,  and  D.  M.  Yost),  potassium  ferricyanide  (E.  Lenssen), 
potassium  permanganate  (A.  Reynoso,  S.  Cloez  and  E.  Guignet,  and  E.  Bohlig), 
perchloric  acid  (J.  J.  Lichtin),  lead  dioxide  (G.  Chancel),  manganese  dioxide 
(F.  H.  Storer),  mercuric  oxide  (F.  H.  Storer),  copper  oxide  (0.  W.  Gibbs),  and  silver 
oxide  (D.  Meneghini).  In  acidic  soln.,  according  to  F.  H.  Storer,  A.  Terni,  and 
M.  Salinger,  chromic  oxide  is  oxidized  by  potassium  permanganate,  or  by  lead  or 
manganese  dioxide ; and,  according  to  M.  Holzmann,  by  ceric  nitrate.'  0.  Stumm 
found  that  chromic  salts  in  alkaline  soln.  can  be  oxidized  by  molecular  oxygen, 
using  manganese  hydroxide,  copper  hydroxide,  cerium  hydroxide,  silver  oxide  and 
iodide,  and  amalgamated  copper  as  catalytic  agents.  For  the  electrolytic  oxidation, 
vide  supra,  the  extraction  of  chromium. 

K.  Fischbeck  and  E.  Einecke  found  that  the  cathodic  polarization  of  ferrous, 
cuprous,  calcium,  and  magnesium  chromites  produces  chromic  acid,  whilst  the  other 
chromites  are  unaffected,  and  natural  chrome  ironstone  behaves  in  a like  manner, 
but  other  commercial  chromites  are  reduced  on  cathodic  polarization,  and  yield 
chromic  acid  on  anodic  polarization.  Chromites  behave  as  an  intermediate  elec- 
trode. 0.  Unverdorben  observed  that  chromyl  fluoride,  prepared  by.  heating  a 
mixture  of  fluorspar,  lead  chromate,  and  sulphuric  acid,  when  passed  into  water, 
furnishes  an  aq.  soln.  of  this  oxide.  The  soln.  was  treated  with  silver  nitrate,  and 
the  washed  precipitate  of  silver  chromate  decomposed  by  hydrochloric  acid. 
A.  Maus  said  that  anhydrous  sulphuric  acid  or  fuming  sulphuric  acid  is  not  suited 
for  the  preparation  because  of  its  volatilization  with  the  chromyl  fluoride. 
J.  J.  Berzelius  employed  a somewhat  similar  process  using  either  lead  or  barium 
chromate.  A.  Maus  treated  a hot  soln.  of  potassium  dichromate  with  insufficient 
hydrofluosilicic  acid  to  precipitate  all  the  potassium ; the  filtered  soln.  was 
evaporated  and  again  treated  with  hydrofluosilicic  acid,  and  evaporated  to  dryness 
in  a platinum  dish.  The  residue  was  taken  up  with  a little  water,  filtered,  and 
evaporated  for  chromic  anhydride.  D.  G.  Fitzgerald  and  B.  C.  Molloy  precipi- 
tated the  potassium  as  potash-alum  by  adding  aluminium  sulphate,  and  removed 
the  sulphuric  acid  by  ignition.  J.  Fritzsche  added  a warm  soln.  of  potassium 
dichromate  to  an  excess  of  cone,  sulphuric  acid  ; the  chromic  anhydride  separates 
in  small  red  crystals.  The  liquid  is  drained  from  the  crystals,  which  are  then 
dried  on  a porous  tile  over  sulphuric  acid.  The  crystals  are  then  recrystallized 
from  an  aq.  soln.  P.  A.  Bolley  said  that  the  chromic  anhydride  so  prepared 
contains  a little  sulphuric  acid  as  impurity  and  the  Metals  Protection  Corporation 
removed  the  sulphate  by  means  of  barium  hydroxide,  carbonate,  or  chromate. 
R.  Bunsen,  A.  V.  Rakowsky,  A.  Dalzell,  F.  Dietze,  0.  Ficinus,  H.  Moissan, 
A.  Schalarik,  M.  Traube,  J.  Voisin,  G.  Vulpius,  R.  Warington,  and  E.  Zettnow 
employed  modifications  of  these  processes. 

G.  P.  Baxter  and  co-workers  purified  chromium  trioxide  suitable  for  at.  wt.  deter- 
minations by  repeated  filtration,  and  recrystallization  from  aq.  soln.  M.  Siewert 
treated  barium  chromate  with  nitric  acid,  crystallized  out  the  barium  nitrate ; 
removed  the  nitric  acid  by  evaporation  to  dryness  ; and  recrystallized  the  product. 
E.  Duvillier  used  a similar  process,  and  afterwards  substituted  lead  chromate  for 
barium  chromate.  K.  F.  W.  Meissner,  F.  Kuhlmann,  J.  W.  Dobereiner,  and 
W.  A.  Rowell  treated  barium  chromate  with  sulphuric  acid ; and  A.  Schrotter, 
lead  chromate.  The  filtered  liquid  in  each  case  was  evaporated  for  crystallization. 
J.  Thomsen,  and  J.  Krutwig  similarly  treated  silver  chromate  with  hydrochloric 
acid.  A.  Mailfert  found  that  chromium  trioxide  is  formed  when  soln.  of  chromic 
salts  or  chromic  oxide  are  treated  with  ozone.  M.  Prud’homme  and  F.  Binder 
observed  that  if  barium  chloride  is  added  to  a soln.  of  barium  dichromate,  normal 
barium  chromate  is  precipitated,  and  potassium  chloride  and  chromic  acid  remain 
in  soln.  In  preparing  chromic  acid,  V.  V.  Polyansky  first  obtained  calcium  chromate 
by  addition  of  calcium  hydroxide  paste,  followed  by  calcium  chloride  soln.,  to 
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aqueous  sodium  dichromate  ; the  mixture  is  concentrated  on  the  water-bath,  the 
precipitate  of  calcium  chromate  being  collected  and  dried.  Two  parts  of  the  aq. 
soln.  is  treated  with  one  part  of  sulphuric  acid  (sp.  gr.  1-84),  kept  on  the  water-bath, 
decanted,  and  this  procedure  repeated  until  no  more  calcium  sulphate  is  precipitated, 
when  chromic  anhydride  is  crystallized.  The  product  is  treated  with  nitric  acid 
(sp.  gr.  1-4),  and  dried  at  60°-100°. 

For  the  electrolytic  oxidation  of  soln.  of  chromic  salts  to  chromic  acid  or  the 
chromates,  vide  supra.  According  to  E.  Muller  and  M.  Soller,  a soln.  of  chrome- 
alum  in  At-H2S04  is  not  appreciably  oxidized  to  chromic  acid  with  a smooth  platinum 
anode,  but  when  traces  of  a lead  salt  are  present  in  the  soln.,  lead  dioxide  is  deposited 
on  the  anode,,  and  oxidation  then  occurs.  About  one-third  of  the  oxidation  which 
occurs  with  a lead  dioxide  anode  occurs  when  an  anode  of  platinized  platinum  is  used. 
With  a lead  dioxide  anode,  the  oxidation  occurs  quantitatively  in  fairly  cone.  soln. 
of  chrome-alum,  when  the  current  density  is  not  too  high — about  0-005  amp.  per 
sq.  cm.  is  suitable.  The  difference  in  the  results  is  not  due  to  the  lead  dioxide 
anode  having  a higher  potential  than  the  platinum  anode,  since  the  reverse  is  rather 
the  case.  The  effect  is  attributed  to  the  catalytic  action  of  lead  dioxide  which 
oxidizes  the  chrome-alum  chemically.  P.  Askenasy  and  A.  R4vai  showed  that  in 
regenerating  soln.  of  chromic  sulphate,  at  first,  when  the  cone,  of  the  chromic  acid 
is  small,  it  is  better  to  use  low-current  densities  at  the  cathode,  and  to  increase  the 
current  density  as  the  cone,  of  chromic  acid  increases.  Temp,  has  little  influence 
on  the  process.  The  addition  of  magnesium  sulphate  prevents  a reduction  at  the 
cathode  when  dil.  soln.  and  low  current  densities  are  employed,  but  if  there  is  only 
a small  percentage  of  chromic  acid  present  it  has  the  opposite  effect,  and  if  high 
current  densities  are  used,  it  has  no  effect.  The  influence  of  chromium  sulphate  is 
to  prevent  reduction  with  both  high  and  low-current  densities  except  in  soln.  which 
contain  very  little  chromic  acid.  The  addition  of  sodium  and  potassium  sulphates 
is  without  influence  on  the  reaction.  Dilution  is  favourable  to  the  oxidation  under 
all  circumstances,  but  more  especially  with  high-current  densities  and  in  the  presence 
of  magnesium  sulphate  when  low-current  densities  are  employed.  A high  cone, 
of  sulphuric  acid  has  a slightly  favourable  action.  A.  R.  y Miro  found  that  the 
presence  of  potassium  fluoride  favours  the  electrolytic  oxidation  of  chrome-alum 
to  potassium  dichromate. 

It  is  doubtful  if  hydrated  chromium  trioxide  has  been  prepared  in  the  solid 
state.  H.  Moissan  2 said  that  if  an  almost  sat.  aq.  soln.  of  chromium  trioxide  be 
kept  for  several  hrs.  at  about  90°,  and  then  cooled  below  0°,  small  red  crystals  of 
chromic  acid,  H2Cr04,  collect  on  the  walls  of  the  containing  vessel.  This  does  not 
agree  with  J.  J.  Berzelius’s  observations,  while  F.  Mylius  and  R.  Funk,  T.  Costa, 
and  E.  Field  were  unable  to  confirm  H.  Moissan’s  observation.  H.  C.  Jones  showed 
that  the  f.p.  of  aq.  soln.  of  chromium  trioxide  agreed  with  the  assumption  that 
the  solvation  for  soln.  with  m mols  of  Cr03  per  litre,  can  be  represented  by  the  mols 
of  water  in  combination  with  a mol  of  Cr03  : 

Mols  CrO,  per  litre  . 0-10  0-50  1 00  2 00  3-00  4 00 

Mols  H20  per  mol  Cr03  . 27-8  20-6  19  17  13-95  11-65  10-41 

The  crystals  are  chromium  trioxide,  Cr03,  not  chromic  acid,  H2Cr04.  The 
solubility  of  chromium  trioxide  in  water  was  measured  by  R.  Kremann  who  found 
that  sat.  soln.  at  9°  contained  S grms.  of  Cr03  per  100  grms.  of  soln. 

-74-0°  -64  0°  -520°  -430°  -28-3°  -16-3°  -20“ 

S 55-00  5400  52  00  49-10  40-80  30-20  800 

There  is  a eutectic  at  — 105°  with  57-2  per  cent,  of  Cr03.  E.  H.  Buchner  and 
A.  Prins  gave  —155-0°  for  the  eutectic  with  60-5  per  cent,  of  Cr03.  At  higher  temp. 
J.  Koppel  and  R.  Blumenthal,  F.  Mylius  and  R.  Funk,  and  R.  Kremann  found  : 

0°  15°  30“  50“  82“  100-0°  127-0“ 

S 01-82  62-40  02-52  64-60  66-00  67-40  71-20 


214 


INORGANIC  AND  THEORETICAL  CHEMISTRY 


The  results  of  E.  H.  Buchner  and  A.  Prins  are  plotted  in  Fig.  24  ; there  is  no  sign 
of  the  formation  of  a definite  hydrate.  C.  F.  Hiittig  and  B.  Kurre  also  failed  to 
find  any  evidence  of  the  formation  of  any  definite  hydrate.  Analyses  of  chromium 

trioxide  by  L.  N.  Vauquelin,  S.  M.  Godon  de  St. 
Menin,  C.  F.  Rammelsberg,  J.  J.  Berzelius,  and 
A.  Schrotter  are  in  agreement  with  the  empirical 
formula  Cr03.  W.  Ostwald’s  observations  on  the 
electrical  conductivity,  and  the  lowering  of  the 
f.p.  indicate  that  the  molecular  weight  in  aq.  soln. 
of  chromium  trioxide  corresponds  with  dichromic 
acid,  H2Cr207 ; and  this  is  in  agreement  with  a 
comparison  of  the  absorption  spectra  of  aq.  soln. 
of  chromium  trioxide  and  potassium  dichromate, 
for  H.  Settegast  found  these  spectra  are  very 
much  alike.  According  to  R.  Abegg  and  A.  J.  Cox, 
the  electrical  conductivity  and  f.p.  of  soln.  of  the 
dichromates  agree  with  the  assumption  that  dichromic  acid,  H2Cr207,  chromic 
acid,  H2Cr04,  and  chromium  trioxide  are  present.  E.  Spitalsky,  however,  inter- 
preted the  results  of  his  observations  on  the  ionization  of  the  aq.  soln.  to  mean 
that  the  soln.  is  ionized  H2Cr207^2H‘-f-Cr207".  The  resolution  of  the  dichromate 
into  chromate  ions  was  not  observed  with  a mol  of  Cr03  in  5800  litres.  E.  Field’s 
observations  on  the  raising  of  the  b.p.  of  aq.  soln.  indicate  a mol.  wt.  of  171-85 
when  H2Cr04  requires  118-4,  and  H2Cr207  requires  218-8.  T.  Costa’s  ebulliscopic 
measurements  show  that  soln.  which  are  not  too  concentrated,  at  100°  contain 
H2Cr207,  not  H2Cr04  ; and  that  a soln.  of  chromic  acid  has  the  same  electrical 
conductivity  when  cooled  to  0°  either  directly  or  after  heating  to  100°,  so  that  no 
chromic  acid,  H2Cr04,  is  formed  in  soln.  K.  Seubert  and  J.  Carstens  explained 
the  action  of  hydrazine  on  the  assumption  that  the  soln.  contained  H2Cr207,  or 
Cr207"-ions.  M.  S.  Sherrill  found  that  the  f.p.  of  soln.  of  ammonium  chromate 
agreed  with  the  assumption  that  HCr04/-ions  are  present.  W.  V.  Bhagwat  and 
N.  R.  Dhar,  N.  R.  Dhar,  and  F.  Auerbach  assumed  the  existence  of  H2Cr04  in 
aq.  soln.  H.  Lessheim  and  co-workers,  and  P.  Niggli  discussed  the  electronic 
structure. 

The  generally  accepted  view — vide  supra — is  that  chromium  is  sexivalent  in 
the  trioxide  ; but  W.  Manchot  supposed  that  it  is  quadrivalent : 

°=c<0  °“aV6 

Sexivalent  Cr  Quadrivalent  C'r 

he  supported  this  hypothesis  by  comparing  the  reactions  of  the  trioxide  with  those 
of  the  peroxides,  but  R.  Luther  and  T.  F.  Rutter  did  not  agree.  A.  Geuther 
supposed  that  the  polychromates  are  salts  of  hypothetical  polychromic  acids : 


Percent.Cr03 

Ffg.  24. — Solubility  Curve  of 
Chromium  Trioxide. 
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A.  Miolati  represented  chromic  acid  on  the  co-ordination  theory  by  H2[Cr04], 
and  the  polychromic  acids  by  H2[Cr(Cr04)03],  in  which  the  oxygen  atoms  of  the 
03-group  are  replaced  by  Cr04-radicles  : 


Dichroi.iate,  — H2Cr20;.  Trichromate,  — H2Cr3O10.  Tetrachromate,  — H2Cr4013. 

In  addition  to  a number  of  inorganic  polychromates,  R.  Weinland  and  H.  Staelin 
prepared  dichromates  of  quinoline  and  guanidine  ; and  trichromates  of  quinoline, 
pyridine  and  guanidine.  A.  Werner  represented  dichromic  acid  as  a derivative 
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of  dimolecular  chromium  trioxide  (CrO^,  and  on  his  co-ordination  theory,  dichromic 
acid  becomes : 


‘ O O 

OCr  . . . OCr  . . . 0 

. O o 


H2 


The  physical  properties  of  chromium  trioxide. — The  evaporation  of  the  aq. 

soln.  of  chromium  trioxide  furnishes  a dark  red  mass.  The  colour  was  found  by 
F.  Rinne  3 to  darken  with  a rise  of  temp.,  and  to  be  restored  on  cooling.  When  the 
trioxide  is  crystallized  in  the  presence  of  sulphuric  acid,  dark  red,  needle-like  crystals 
are  formed,  which,  according  to  A.  E.  Nordenskjold,  are  rhombic  bipyramids  with 
the  axial  ratios  a : b : c=0-692  : 1 : 0-628.  The  fused  trioxide  furnishes  a hard, 
brittle,  coral-red,  crystalline  mass,  which  forms  a scarlet-red  powder.  L.  Playfair 
and  J.  P.  Joule  gave  2-676  for  the  specific  gravity  of  the  crystallized  trioxide  ; 
C.  H.  D.  Bodeker  gave  2-737  at  14°,  and  for  that  which  had  been  fused,  2-629  at 
14°,  while  A.  Schafarik  gave  2-819  at  20°  ; W.  A.  Roth  and  G.  Becker,  2-80  at  21°  ; 
and  E.  Zettnow,  2-775  to  2-804.  H.  C.  Jones  and  H.  P.  Bassett  measured  the 
sp.  gr.  of  soln.  with  from  0-10  to  4-00  mols  of  0rO3  per  litre  with  the  idea  of  cal- 
culating the  solvation  of  chromium  trioxide  in  soln. — vide  supra.  The  sp.  gr.  of 
aq.  soln.  of  the  trioxide  were  determined  by  D.  J.  Mendeleeff,  and  E.  Zettnow  ; the 
following  are  averages  of  the  two  sets  of  observations,  at  1 5°  : 

Cr03  .5  10  15  20  30  40  50  00  per  cent. 

Sp.gr..  1-0365  1-0760  1-1185  1-1640  1-2630  1-3780  1-5110  1-656 

H.  R.  Moore  and  W.  Blum  found  the  sp.  gr.  at  25°  of  soln.  of  chromic  acid  con- 
taining at  25°,  C mols  of  Cr03  per  litre : 

C . . 1 2 3.  4 5 6 7 8 9 10 

Sp.  gr.  . 1-0125  1-1383  1-2041  1-2699  1-3358  1-4016  1-4674  1-5332  1-5990  1-6648 

W.  Biltz  discussed  the  mol.  vol.  ; and  C.  del  Fresno,  the  contraction  in  vol.  wrhich 
occurs  when  the  compound  is  formed.  The  viscosity,  r/  (water  unity)  dynes  per 
cm.  for  aq.  soln.  of  chromium  trioxide  containing  to  grm.  Cr03  per  100  grms.  of 
water,  is  : 


0°  \ " 

( V 

111-4 

72-86 

51-38 

29-59 

1-482 

1-195 

1-110 

1-057 

18°  ' 40 
i V 

98-8 

71-01 

35-92 

16-71 

1-5116 

1-2849 

1-1017 

1-0349 

25°  ) w 

147-4 

89-40 

42-68 

12-05 

( V 

2-3360 

1-4880 

1-1360 

1-024 

40°  \ m 

1 V 

111-4' 

72-86 

51-38 

16-55 

1-328 

J -164 

1-1055 

1-027 

8.  A.  Mumford  and  L.  F.  Gilbert  found  the  sp.  gr. 
M mols  per  litre  at  25°/4°,  to  be  : 

of  soln.  of  chromic  acid  containing 

M 

10-713 

7-288  5-176 

2-322 

0-842 

0-206 

0-060  0-013 

Sp.  gr.  . 

1-7042 

1-4835  1-3479 

1-1530 

1-0602 

1-0119 

1-0012  0-9981 

and  at  45°/4°  : 

M 

10-768 

7-034  5-890 

2-829 

2-069 

1-082 

0-459  0-226 

Sp.  gr.  . 

1-6954 

1-4593  1-3813 

1-1831 

1-1306 

1-0599 

1-0226  1-0063 

G.  G.  and  I.,  N.  Longinescu  calculated  the  sp.  gr.  of  the  soln.  considered  as  a binary 
mixture.  C.  del  Fresno,  and  D.  Balareff  studied  the  mol.  vol.  R.  Dubrisay 
measured  the  surface  tension  during  the  progressive  neutralization  of  chromic  acid 
soln.  by  soln.  of  sodium  hydroxide,  and  by  ammonia,  and  found  that  chromic  acid 
differs  from  a strong  dibasic  acid,  such  as  sulphuric  acid,  in  exhibiting  a constant 
surface  tension  only  until  the  first  acid  function  is  neutralized,  after  which  the 
surface  tension  decreases  gradually  but  slightly  until  the  second  is  neutralized, 
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when,  as  usual,  a great  decrease  occurs.  T.  Graham  made  observations  on  the 
rate  of  diffusion  of  chromium  trioxide  in  aq.  soln. 

The  specific  heat  of  aq.  soln.  of  chromium  trioxide,  between  21°  and  53°,  was 
measured  by  J.  C.  G.  de  MarignacA  E.  H.  Buchner  and  A.  Prins  gave  for  soln.  with 
the  molar  ratio  Cr03  : nH20  : 

n . . 3-55  5-02  9-91  25-2  50  87-9  100-5  200 

Sp.  ht.  . 0-506  0-557  0-665  0-803  0-876  0-927  0-942  0-970 

The  last  two  sets  of  data  are  by  J.  C.  G.  de  Marignac.  The  subject  was  discussed 
by  N.  de  Kolossowsky.  O.  Unverdorben,  J.  J.  Berzelius,  H.  Moissan,  E.  Hintz, 
and  A.  Schafarik  observed  that  when  chromium  trioxide  is  heated,  it  becomes 
almost  black  and  then  melts  to  a reddish-brown  liquid.  M.  Traube  gave  180°-190° 
for  the  melting  point ; F.  M.  Jager  and  H.  C.  Germs,  198° ; and  E.  Groschuff  said 
that  the  trioxide  melts  at  196°  with  a little  decomposition,  and  that  the  molten 
mass  can  be  easily  under-cooled  26f  ; E.  Zettnow  gave  170°-172°  for  the  f.p.,  and 
said  that  on  solidification,  the  temp,  may  rise  to  193° ; and  that  there  is  a large 
contraction  on  solidification.  The  freezing  points  of  aq.  soln.  of  chromium  trioxide 
are  indicated  in  Fig.  24.  J.  Koppel  and  R.  Blumenthal  gave.: 

Cr03  . . . 23-1  28-6  44-4  50-0  54-5  per  cent. 

Freezing  point  . -6°  —9-3°  —24°  —36°  —51° 

and  W.  Ostwald,  and  R.  Abegg  and  A.  J.  Cox  made  observations  on  the  mol.  lowering 
of  the  f.p.  of.  aq.  soln.  H.  C.  Jones  and  H.  P.  Bassett  found  that  with  soln.  con- 
taining m mol  of  Cr03  per  litre,  the  lowering  of  the  f.p.  was : 

m ...  . 0-10  1-0  2-5  4-00 

Fall  of  f.p.  . . . 5-26°  6-78°  9-00°  14-40° 

E.  Cornec  measured  the  lowering  of  the  f.p.  of  aq.  soln.  of  chromic  acid  during 
its  progressive  neutralization  with  sodium  hydroxide.  There  is  a break  in  the 
curve  corresponding  with  the  formation  of  the  dichromate,  and  another  break 
corresponding  with  the  chromate.  J.  J.  Berzelius,  A.  Schafarik,  H.  Moissan,  and 
E.  Hintz  noticed  that  when  heated  to  near  the  b.p.  of  sulphuric  acid,  chromium 
trioxide  volatilizes  forming  reddish  fumes.  O.  Unverdorben,  A.  Schafarik,  and 
J.  J.  Berzelius  observed  that  chromium  trioxide  decomposes  above  its  m.p.  into 
oxygen  and  chromic  oxide  with  a glow,  but  if  the  chromium  trioxide  has  been 
obtained  by  evaporation  no  glowing  occurs.  H.  Arctowsky  said  that  decom- 
position occurs  at  200°  ; and  I.  Schukoff  added  that  the  trioxide  decomposes 
with  deflagration  at  300°,  with  the  evolution  of  oxygen.  L.  and  P.  Wohler  said 
that  below  1200°,  the  reaction  20r03— Cr203T  30  is  not  reversible  and  is  probably 
exothermal ; but  in  the  presence  of  potassium  sulphate,  at  1000°,  the  reaction, 
2K2S04+Cr203-|-3CM2(K2S04.Cr03),  is  reversible,  and  at  1009°,  the  press,  of  the 
oxygen  is  878  mm.  ; at  1029°,  785  mm.  A.  Simon  and  T.  Schmidt’s  heating  curve, 
and  dissociation  press,  curve  are  shown  in  Fig.  22.  K.  S.  Nargund  and  H.  E.  Watson 
found  that  2 hrs.’  heating  at  300°  resulted  in  a 28  per  cent,  decomposition  ; at  350°, 
48  per  cent. ; at  400°,  52  per  cent.  ; at  550°,  100  per  cent. ; 9 hrs.  at  350°,  52  per 
cent.,  and  18  hrs.  at  350°,  55  per  cent.  R.  Read  observed  that  in  the  non-luminous 
flame  chromium  trioxide  decomposes  with  a bright,  white  incandescence. 
H.  Arctowsky  noticed  that  when  heated  to  125°,  under  16  mm.  press.,  chromium 
trioxide  volatilizes  forming  a sublimate  of  long,  red  needles.  J.  Koppel  and 
R.  Blumenthal  observed  the  boiling  points  of  aq.  soln.  of  chromium  trioxide, 
at  ordinary  press. : 

Cr03  . . 10-81  24-08  45-15  61-54  71-24  per  cent. 

Boiling  point  102°  102°  110-5°  120°  127° 

and  T.  Costa  found  the  mol.  rise  of  the  b.p.  of  aq.  soln.  to  be  : 

CrO;)  . 

Rise  of  temp.  . 


1-5233 

15-6° 


1-7886 

14-3° 


3-8212 

14-1° 


1 1-5159  per  cent. 
13-7° 
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Observations  were  also  made  by  E.  Field — vide  supra.  W.  G.  Mixter  gave  for 
the  heat  of  formation  of  chromium  trioxide,  Cr03,  from  its  elements,  140  Cals. ; 
amorphous  chromic  oxide,  36-2  Cals. ; and  from  crystalline  chromic  oxide  26-1  Cals., 
whilst  M.  Berthelot  gave  26-2  Cals.  W.  A.  Roth  and  G.  Becker  gave  (Cr,502) =147-1 
Cals.  ; and  for  the  heat  of  reduction  of  CrOa  to  Cr203,  — 6-1  Cals.  J.  Thomsen  gave 
for  the  heat  of  formation  in  aq.  soln.,  18-913  Cals.,  and  M.  Berthelot,  10-6  Cals.  The 
subject  was  discussed  by  A.  Berkenheim.  According  to  F.  Morges,  the  heat  of 
solution  of  Cr03  in  water  is  CrO3+H2O=H2CrO4+580  cals.  ; for  H2Cr04-t-H20, 
340  cals.  ; for  H2Cr04.H20+H20=260  cals.  ; for  H2Cr04.2H20+H20,  135  cals.  ; 
H2Cr04.3H20+H20,  171  cals.  ; H2Cr04.4H20+H20,  80  cals.  ; H2Cr04.5H20 
+H20,  35  cals.  ; H2Cr04.5H20+25H20,  500  cals.  ; and  H2Cr04.30H20+25H20, 
210  cals..  P.  Sabatier  gave  1-9  cals,  for  the  heat  of  soln.  in  40  times  its  weight  of  water 
at  19°.  E.  H.  Buchner  and  A.  Prins  gave  for  the  heat  of  dilution  from  Cr03.»«H20 
to  CrO3.80H2O,  and  the  total  heat  of  soln.  when  the  heat  of  soln.  for  a mol  of  solid 
Cr03  and  80  mols  of  water  is  24-67  cals. : 


n 

. 3-32 

4-03 

4-96 

10-1 

25-2 

49-9 

Heat  dilution 

. 1447 

1111 

866 

469 

122 

10 

Heat  solution 

. 1020 

1350 

1601 

1998 

2345 

2151 

J.  Thomsen  gave  for  the  heat  of  neutralization,  (Cr03,Na0Haq.)=13-134  Cals.  ; 
for  (C-r03,2Na0Haq  )=24-720  Cals.  ; P.  Sabatier  gave  (2CrO3,K2Oaq.)=27-0 
Cals. ; (2CrO3,2K2Oaq.)--50-8  Cals.  ; while  M.  Berthelot  gave  (2Cr03,K20aq.) 
=26-8  Cals.  ; (2Crb3,2NH3aq.)=24-0  Cals. ; for  solid  chromium  trioxide,  (Cr03,K20) 
=95-6  Cals. ; (2Cr03.K20) =106-8  Cals.,  when  for  solids  (S03,K20)=141-4  Cals., 
and  (2S03,K20) =167-6  Cals. 

E.  Cornec  measured  the  index  of  refraction  of  a soln.  of  chromic  acid  during  its 
progressive  neutralization  with  potassium  hydroxide  and  with  aq.  ammonia. 
The  results  show  that  the  aq.  soln.  of  the  acid  first  furnishes  dichromate,  and  as 
the  proportion  of  base  increases,  chromate  is  formed.  W.  J.  Pope  5 gave  37-13 
for  the  refraction  equivalent  of  the  Cr04-radicle.  J.  Piccard  and  E.  Thomas  dis- 
cussed the  colour  of  chromate  and  dichromate  ions.  The  absorption  spectrum  of 
aq.  soln.  of  chromium  trioxide  was  examined  by  J.  H.  Gladstone.6  J.  M.  Hiebendaal 
showed  that  the  green -and  blue  rays  are  absorbed  by  the  soln.  According  to 
A.  Etard,  there  is  a fine  absorption  band  between  A=6870  and  6800  with  cone, 
soln. ; but  soln.  of  potassium  chromate  and  dichromate  do  not  show  this  band. 
H.  Settegast  measured  the  absorption  spectrum  ; and  P.  Sabatier  found  that  the 
coeff.  of  absorption,  a,  for  light  of  different  wave-lengths,  A,  is  not  sensibly  affected 
by  the  thickness,  A,  of  the  layer  of  liquid  through  which  the  light  is  passed.  Here, 
I—Iq  10-a^  with  light  of  intensity  l0  : 

A . . 5450  5480  5550  6620  5690  5770  5850  5930 

a . . 0-005  0-025  0 143  0-351  0-628  0-812  0-900  0-950 

Beyond  wave-length  5450  the  coeff.  becomes  practically  zero ; in  very  dil.  soln., 
the  coeff.  for  wave-length  5180  is  about  0-000013.  The  values  are  the  same  for  the 
acid  as  for  the  salts,  for  solid  potassium  dichromate  as  for  its  soln.,  for  the  ammonium 
salt  as  for  the  potassium  salt,  and  it  follows  that  the  absorption  exerted  by  solid 
or  dissolved  alkaline  dichromates  is  sensibly  identical  with  that  of  the  chromic 
acid  which  they  contain.  With  soln.  of  potassium  chromate,  the  absorption  is  in 
the  blue  and  the  violet,  and  with  dilution,  the  absorption  extends  more  in  the 
direction  of  the  red.  Thus,  O.  Knoblauch  found  that  in  cone,  soln.,  the  absorption 
begins  at  4900,  and  in  dil.  soln.,  at  5100.  W.  Bohlendorff  obtained  similar  results  ; 
while  J.  M.  Hiebendaal  observed  that  the  absorption  begins  at  5050,  and  in  dil. 
soln.  at  4770.  K.  Vierordt,  P.  Pogany,  F.  Griinbaum,  A.  Hantzsch,  P.  Bovis, 
N.  R.  Tawde  and  G.  R.  Paranjpe,  G.  Jander  and  T.  Aden,  M.  N.  Saha,  C.  P.  Snow 
and  F.  I.  G.  Rawlins,  and  H.  Settegast  made  observations  on  this  subject ; and 
P.  Sabatier  found  that  with  potassium  chromate  soln.,  the  coeff.  of  transmission,  a. 
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for  soln.  with  one  eq.  of  salt  per  litre,  and,  a2,  for  soln.  with  2 eq.  per  litre, 
were : 


A 

. 4940 

4990 

5030 

5060 

5080 

5110 

5130 

5180 

6240 

“i 

. — 

0-06 

0-18 

0-325 

0-44 

0-61 

0-69 

0-85 

0-92 

“2 

. 0-025 

0-108 

0-207 

0-43 

0-51 

0-62 

0-69 

0-84 

0-93 

The  absorption  is  slightly  greater  in  the  more  dil.  soln.,  and  this  points  to  slight 
dissociation  with  formation  of  some  dichromate,  which,  however,  is  only  produced 
in  very  minute  quantity.  H.  Becquerel  found  that  soln.  of  potassim  chromate  are 
transparent  for  the  ultra-red  rays  ; and  G.  Massol  and  A.  Faucon  studied  the  trans- 
mission of  ultra-violet  rays.  D.  Brewster  investigated  the  absorption  spectrum  of 
soln.  of  ammonium  chromate  ; and  J.  H.  Gladstone,  soln.  of  metal  chromates. 
H.  von  Halban  and  H.  Siedentopf  found  that  a soln.  of  potassium  chromate  in 
0-05.V-KOH  had  the  extinction  coeff.,  e,  for  light  of  wave-length,  A,  when 
I=I0lO~eCd,  where  C denotes  the  cone,  in  mols  per  litre. 

A . 2540  2650  2970  3130  3340  2800  2890  3600  4360 

fXlO-3  2-35  3 00  0-927  0-1935  0-9850  3-290  2-086  4-416  0-3138 

H.  C.  Jones  and  W.  W.  Strong  found  that  the  absorption  spectra  of  cone.  soln. 
of  potassium  chromate  shows  a stronger  absorption  than  the  value  calculated  from 
Beer’s  law.  G.  Rudorf  discussed  the  applicability  of  Beer’s  law.  F.  Weigert, 
and  H.  von  Halban  and  H.  Siedentopf  studied  the  absorption  of  light  by  mixed 
soln.  of  potassium  chromate  and  copper  sulphate.  Observations  on  the  absorption 
spectrum  of  soln.  of  potassium  dichromate  were  made  by  H.  Bremer,  P.  Gian, 
F.  Griinbaum,  H.  C.  Jones  and  W.  W.  Strong,  B.  K.  Mukerji  and  co-workers, 
F.  Melde,  J.  Muller,  P.  Pogany,  P.  Sabatier,  H.  Settegast,  C.  P.  Smyth,  G.  Jander 
and  T.  Aden,  and  K.  Vierordt.  According  to  J.  Formanek,  aq.  soln.  of  potassium 
dichromate  absorb  the  blue  and  violet  rays,  and  with  decreasing  concentration,  the 
absorption  extends  in  the  direction  of  the  red  rays.  O.  Knoblauch  found  that  with 
cone,  soln.,  the  absorption  begins  at  5200,  and  is  complete  at  4940,  while  with  dil.  soln., 

absorption  begins  at  5070,  and  is  complete  at 
4840.  W.  Bohlendorff  gave  for  the  limit  5000, 
and  J.  M.  Hiebendaal,  5250.  A.  Hantzsch’s 
observations  are  summarized  in  Fig.  25. 
G.  Hantzsch  and  R.  H.  Clark  found  that  soln. 
of  chromium  trioxide  in  water  and  in  aq.  sul- 
phuric acid  are  at  all  cone,  optically  identical 
with  each  other  and  with  feebly  acidic  soln. 
of  potassium  dichromate.  Soln.  of  the  latter 
in  water  deviate  very  slightly  in  the  direction 
of  monochromate  soln.  Soln.  of  monochro- 
mates in  water,  in  alkalis,  and  in  methyl 
alcohol,  are  at  all  cone,  quite  different  from 
dichromate  and  chromic  acid  soln.  in  their 
optical  characteristics,  but  are  identical  among 
themselves,  except  for  a slight  deviation  of 
the  aq.  soln.  in  the  direction  of  the  dichromate  soln.  The  optical  characteristics  are 
independent,  not  only  of  the  cone,  and  the  solvent,  but  also  of  the  temp.  The 
chromophoric  group  in  all  acidic  soln.  is  the  completely  saturated  complex  Cr207 : 
in  all  alkaline  soln.  the  corresponding  complex  is  Cr04.  From  the  optical  point  of 
view,  it  is  immaterial  whether  these  complexes  are  combined  with  hydrogen  or 
alkali  metal,  ionized  or  non-ionized ; the  colour  of  the  ions  must  be  the  same  as 
that  of  the  non-ionized  molecule.  A.  Hantzsch  and  C.  S.  Garrett  explain  the  slight 
divergence  from  Beer’s  law  with  very  cone.,  alkaline  soln.  of  chromates  by  incomplete 
hydration  rather  than  by  ionization  changes.  All  variations  from  the  colorimetric- 
law  are  attributed  either  to  experimental  errors,  or  to  chemical  changes  between 
solvent  and  solute.  H.  M.  Vernon  estimated  the  degree  of  ionization  from  the  colour 


Fig.  25. — Absorption  Spectra  of 
Chromate  Solutions. 
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of  aq.soln.  of  the  trioxide.  E.  Viterbi  and  G.  Krausz  measured  the  absorption  spectra 
of  soln.  of  chromic  acid,  and  of  potassium  chromate  and  dichromate.  There  are  seven 
feeble  lines  in  the  ultra-violet  spectra  of  chromic  acid  and  potassium  dichromate 
which  do  not  occur  with  soln.  of  the  chromate.  The  bands  with  the  chromate  soln. 
are  sharper  than  those  with  chromic  acid  or  the  dichromate.  Except  for  a few 
minor  differences,  the  spectra  of  the  dichromate  and  of  chromic  acid  are  similar, 
and  conform  to  Beer’s  law.  Hence  it  is  assumed  that  in  these  soln.,  the  chromium 
is  nearly  all  present  as  Cr207",  which  has  the  same  absorption  spectrum  either  as 
an  ion  or  as  a non-ionized  molecule  ; but  probably  with  dil.  soln.  of  the  dichromate, 
there  is  some  dissociation  either  as  Cr207"-f-H2(M2Cr04"-|-2H',  or  as  Cr207"+H20 
^2HCT04'.  Soln.  of  potassium  chromate  do  not  follow  Beer’s  law,  but  the  results 
with  dil.  soln.  approach  those  with  soln.  of  the  dichromate,  owing,  probably,  to  a 
reaction  2Cr04''+H2(MCr207''-f-20H'  ; and  the  addition  of  a large  proportion 
of  alkali  displaces  the  equilibrium  towards  the  left  and  restores  the  results  for  the 
absorption  spectrum  of  the  chromate.  R.  Robl  observed  but  a faint  luminescence 
in  ultra-violet  light ; and  A.  Karl  found  the  crystals  triboluminescent.  W.  Spring 
found  that  there  is  a slight  change  of  colour  when  soln.  of  potassium  dichromate 
are  allowed  to  stand.  This  shows  that  there  is  a change  in  the  constitution  of  the 
soln.  A.  M.  Taylor  examined  the  ultra-red  spectrum  ; 1).  M.  Yost,  the  K-absorption 
spectrum  ; and  N.  Nisi,  the  Raman  effect. 

Both  H.  Buff,7  and  L.  Bleekrode  said  that  molten  chromium  trioxide  is  a good 
conductor  of  electricity,  but  J.  W.  Hittorf  showed  that  the  trioxide  is  a conductor 
only  when  it  is  contaminated  with  impurities,  particularly  water  ; the  purified 
trioxide  is  a non-conductor.  The  electrical  conductivity  of  aq.  soln.  was  measured 
by  R.  Lenz,  W.  Ostwald,  R.  Abegg  and  A.  J.  Cox,  E.  Spitalsky,  H.  C.  Jones  and 
H.  P.  Bassett,  etc.  P.  Walden  found  that  with  soln.  containing  a mol  of  the  salt 
in  v litres  of  water  at -25°,  the  mol.  conductivities,  /x,  are  : 

v . 16  32  G4  128  25G  512  1024 

fi  . 347  1 354-7  358-9  361-3  360-8  358-4  353-7 


H.  C.  Jones  gave  for  the  molar  conductivity,  /x,  at  0°,  and  the  percentage  degree  of 
ionization,  a, 


V 

0-286 

0-500 

1-000 

2-500 

5-00 

10-00 

20-00 

40-00 

M • 

108-4 

206-8 

312-4 

388-9 

420-0 

436-0 

440-0 

452-0 

a 

20-7 

39-3 

59-7 

74-3 

80-3 

83-4 

84-1 

86-4 

The  conductivity  at  infinite  dilution  is  523.  The  assumption  that  the  ionization 
is  represented  by  H2Cr04=H'+HCr04'=2H'+Cr04",  does  not  explain  the 
facts.  The  nature  of  .the  molecules  formed  in  aq.  soln.  depends  on  the  composi- 
tion, concentration,  and  temp,  of  the  soln.  This  has  been  the  subject  of  many 
investigations  and  the  results  are  usually  expressed  in  the  language  of  the  ionic 
hypothesis.  Whatever  be  the  equilibrium  condition,  that  state  is  quickly  attained  ; 
and  the  result  was  shown  by  K.  Beck  and  P.  Stegmiiller,  T.  Costa,  M.  S.  Sherrill, 
and  P.  Walden  to  be  independent  of  the  mode  of  preparation  of  the  soln. 
A.  Hantzsch’s  optical  measurements  show  that  it  is  very  improbable  that  chromium 
trioxide  exists  in  aq.  soln.  as  Cr03,  or  in  the  ionic  form  Cr04"  or  HCr04'.  He 
therefore  assumed  that  in  solid,  and  in  aq.  soln.,  the  equilibrium  condition: 
«Cr03+H20^(Cr03)«.H20,  is  almost  wholly  in  favour  of  the  polymerized  product. 

With  the  most  concentrated  soln.  of  chromium  trioxide  in  water,  it  is  probable 
that  trichromic  and  tetrachromic  acids  are  formed,  but  in  more  dilute  soln.,  only 
monochromic  and  dichromic  acids  are  involved  ; the  former  may  be  ionized  : 
H2Cr04^H-+HCr04'=2H+Cr04"',  and  the  latter:  H2Cr207^H+HCr207' 
y^2H  -|-Cr207".  It  was,  therefore,  inferred  that  chromic  acid,  H2Cr04,  exists 
in  soln.,  and  that  it  behaves  as  a monobasic  acid  H(HCr04),  ionizing  : H2Cr04 
=H  -j-HCr04'.  R.  Abegg  and  A.  J.  Cox  took  a similar  view,  and  added  that  even 
with  soln.  of  the  dichromates,  there  is  a relatively  small  proportion  of  Cr207"-ions, 
and  that  as  the  tenrp.  rises,  the  Cr207"-ions  form  Cr04"-ions  and  chromic  acid. 
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E.  Carriere  and  P.  Castel  studied  the  ionic  equilibrium  2Cr04''+2H';=^Cr207''-l-H20 
at  20°  by  the  conversion  of  barium  chromate  into  barium  dichromate  by  the  addi- 
tion of  a measured  amount  of  hydrochloric  acid,  the  end-point  being  reached  when 
the  soln.  becomes  clear.  The  hydrogen-ion  cone,  of  the  equilibrium  mixture  was 
calculated  from  the  law  of  mass  action  applied  to  the  ions  concerned  assuming 
complete  ionization,  and  good  agreement  was  found  between  the  observed  and 
calculated  values  for  low  cone.  The  cone,  of  acid  required  decreases  with  temp., 
and  the  equilibrium  constant  at  18°  is  3xl0-15.  P.  Walden  concluded  from  the 
small  change  in  the  electrical  conductivity  of  the  soln.  between  the  dilutions  v=32 
and  «=1024,  that  a strong  monobasic  acid  is  involved  and  that  this  is.  almost 
completely  ionized  with  the  dilution  v=32.  W.  Ostwald,  however,  concluded  that 
the  acid  exists  in  aq.  soln.,  not  as  H2Cr04,  but  as  H2Cr207  ; and  in  support  of  this 
he  showed  that  an  aq.  soln.  which  contains  a mol  of  a compound  per  kilogram 
lowers  the  f.p.  — 1-85°.  Acetic  acid  givfes  nearly  the  normal  value  — 1*92°  ; nitric 
acid  gives  —3-70°,  nearly  twice  the  normal  value,  in  agreement  with  the  assumption 
that  it  is  almost  completely  ionized  into  H'  and  N03'  ions  ; sulphuric  acid  gives 
— 2-00°  in  agreement  with  the  assumption  that  it  is  ionized  H2S04^2H’-f  S04" 
to  the  extent  of  about  0-6  ; and  chromic  acid  gives  —1-34°  in  agreement  with  the 
assumption  that  it  is  completely  ionized  H2Cr207v^2H'-f  Cr207",  and  this  is  in 
accord  with  the  observations  of  P.  Walden.  According  to  W.  C.  D.’  Whetham,  the 
eq.  conductivity,  A,  of  soln.  of  potassium  dichromate  containing  m eq.  per  litre  is  : 

m . 000001  00001  0001  0-01  0-1  0-2 

a . 81-3  76-3  71-4  70-4  64-3  61-5 

The  rise  of  the  conductivity  with  dilution  up  to  m=0-0001  is  unusually  small,  and  this 
is  attributed  to  the  hydrolysis  of  the  Cr207''-ions  to  the  slow-moving  HCr04'-ions. 
The  unusually  large  rise  in  the  conductivity  when  the  soln.  is  diluted  from  m=0-0001 
to  r/i=0-00001,  is  attributed  to  the  ionization  HCr04'^H +Cr04"  or  possibly 
HCraO/^H'+CraO/'.  H.  R.  Moore  and  W.  Blum  found  the  electrical  con- 
ductivity k mhos  of  soln.  of  C mols  of  chromic  acid  per  litre  at  25°  to  be : 

C . . 1 2 3 4 5 6 7 8 9 10 

0°  . 0-219  0-342  0-418  0-440  0-435  0-420  0-387  0-345  0-289  0-225 

/o  25°  . 0-315  0-513  0-616  0-657  0-662  0-641  0-600  0-545  0-477  0-402 

45°  . 0-389  0-632  0-763  0-818  0-831  0-817  0-769  0-708  0-625  0-528 

The  resulting  curves  show  a maximum  for  about  4M-soln.  at  0°  ; for  4-8M-soln. 
at  25°  ; and  for  5-OM-soln.  at  45°.  This  shift  is  greater  than  can  be  explained  by 
the  change  in  sp.  gr.  or  in  vol.  cone,  caused  by  the  difference  in  temp.  ; it  must 
therefore  involve  a difference  in  the  degree  or  type  of  dissociation  of  the  chromic 
acid.  R.  N.  J.  Saal  found  the  equilibrium  constant  of  the  reaction  Cr207" 
+H20^2HCr04/  to  be  0-019.  The  decomposition  of  dichromate  to  chromate 
may  occur  (i)  in  the  alkaline  region  : Cr207/,+0H,->Cr04,,+HCr04/ ; (ii)  in 
the  acidic  and  neutral  region : Cr207"+H20-x2HCr04'  ; and  (iii)  diluting  the 
soln.  with  acid  and  water:  Cr207"+H‘+H20(viHCr207,+H20)->2HCr04'+H  . 
N.  R.  Dhar  studied  this  subject.  According  to  E.  Spitalsky,  the  hydrogen-ion 
concentration,  [H  J,  in  dil.  soln.  of  chromic  acid  of  [Cr],  is: 

[Cr]  . 0-002446  0-001218  0-000609  0-000602  0-000344  0-000172 

[H-]  . 0-00249  0-00121  0-000606  0-000595  0-000342  0-000166 

so  that  the  ratio  [H’J  : [Cr]  is  nearly  unity  in  harmony  with  the  assumption  that 
with  dil.  soln.  of  chromic  acid,  the  ionization  is:  H2Cr04^H‘+HCr04'.  The 
electrometric  titration  of  chromic  acid  soln.  was  made  by  A.  Miolati  and  E.  Mascetti, 
N.  H.  Furman,  R.  N.  J.  Saal,  Y.  Kato  and  T.  Murakami,  W.  S.  Hughes,  N.  Westberg, 
and  L.  Margaillan.  H.  T.  S.  Britton  obtained  the  results  summarized  in  Fig.  26,  by 
means  of  the  hydrogen  electrode  ; analogous  results  were  obtained  with  the  oxygen 
electrode.  It  follows  that  chromic  acid  ionizes  as  a normal  dibasic  acid.  The 
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reaction  H2Cr04;=ni'-|-HCr04'  is  almost  complete  in  dil.soln.,  whereas  the  reaction 
HCr04'^H’+Cr04"  is  extremely  small.  A.  Miolati  and  E.  Mascetti  measured  the 
conductivity  of  soln.  of  chromic  acid  during  its  progressive  neutralization  with 
sodium  hydroxide  ; E.  Cornec  made 
analogous  observations  with  respect 
to  the  f.p.,  and  indices  of  refraction 
of  soln.  of  chromic  acid  being 
neutralized  with  sodium,  potas- 
sium, or  ammonium  hydroxide ; 
by  L.  Margaillan,  on  the  e.m.f.  of 
hydrogenized  platinum  and  the 
soln.  against  a mercury  cathode  ; 
and  by  R.  Dubrisay,  on  the  surface 
tension  of  the  soln.  In  general, 
the  soln.  first  forms  the  dichromate, 
and  as  more  base  is  added,  the 
chromate  appears.  This  agrees 
with  the  assumption  that  the  aq. 
soln.  contains  dichromic  acid ; and 
the  result  was  confirmed  by  the 
observations  of  A.  K.  Datta  and  N.  R.  Dhar  with  respect  to  the  index  of  refraction, 
and  mol.  vol.  in  soln. ; by  T.  Costa,  with  respect  to  the  b.p.  of  the  soln. ; and  by 
H.  C.  Jones  and  H.  P.  Bassett,  with  respect  to  the  f.p.  of  the  soln. 

M.  S.  Sherrill  attempted  to  reconcile  the  opposing  hypothesis  as  to  the  nature 
of  the  ions  in  aq.  soln.  The  depression  of  the  f.p.  of  dil.  soln.  of  chromic  acid  and 
potassium  dichromate  corresponds  with  their  complete  ionization  into  Cr207"-, 
and  H'-  or  K'-ions,  but  the  presence  of  some  HCr04'-ions  was  assumed.  The 
ionization  constant  for  2HCr04'^Cr207"-f-2H',  was  A'1=[Cr207"J/[HCr04']2,  where 
Kx= 27  with  chromic  acid  soln.,  and  61  with  soln.  of  potassium  dichromate.  From 
observations  with  ammonium  chromate  in  dil.  soln.  in  the  presence  of  enough 
ammonia  to  prevent  hydrolysis,  A2=[H'][Cr04'']/[HCr04'],  where  A2=5-7  x 10~7 
at  18°  ; and  from  the  partition  of  ammonia  between  aq.  soln.  of  ammonium 
chromate,  and  chloroform,  A2=6-2xl0-7  at  18°,  and  7-4  xlO-7  at  25°,  so 
that  the  strength  of  chromic  acid  is  about  —th  of  that  of  acetic  acid. 
H.  T.  S.  Britton  gave  4-4  xlO-7  for  the  second  ionization  constant  at  18°; 
N.  R.  Dhar  gave  A2=5xl0— 8;  and  W.  S.  Hughes,  A2=10— 7.  W.  V.  Bhagwat 
and  N.  R.  Dhar  studied  the  subject.  For  H.  Moissan’s,  and  E.  H.  Riesenfeld  and 
H.  E.  Wohler’s  observations  on  the  electrolysis  of  soln.  of  chromic  acid,  vide  infra , 
perchromic  acid. 

Attempts  have  been  made  to  find  the  strength  of  chromic  acid  relatively  with 
those  of  other  acids.  H.  Settegast  showed  spectroscopically  that  chromic  acid 
is  displaced  from  chromates  by  sulphuric,  formic,  acetic,  butyric,  and  tartaric  acids. 
P.  Sabatier  showed  colorimetrically  that  sulphuric,  hydrochloric,  phosphoric 
H(H2P04),  and  trichloracetic  acids  completely  displace  chromic  acid  from 
chromates.  With  acetic  acid  and  the  three  equal  acidic  hydrogen  atoms  of  citric 
acid,  the  action  does  not  proceed  quite  so  far.  It  is  still  less  with  the  first  acidic 
hydrogen  of  carbonic  acid  and  the  second  acidic  hydrogen  of  phosphoric  acid,  whilst 
the  second  acidic  hydrogen  of  carbonic  acid,  boric  acid,  and  the  third  acidic  hydrogen 
of  phosphoric  acid  have  very  little  action  at  all.  If  the  normal  chromate  is  treated 
with  an  excess  of  solid  boric  acid,  there  is  considerable  formation  of  dichromate, 
owing  to  the  production  of  an  insoluble  acid  borate,  the  precipitation  of  which 
tends  to  make  the  action  complete.  From  thermal  data  : (K2Cr04,HCl)=2-4  Cals. ; 
and  (K2Cr207,2HCl)=—  0-2  Cal.,  M.  Berthelot  showed  that  hydrochloric  acid 
should  convert  chromates  into  dichromates.  He  also  found  (K2CrO4,6H.,SO4)=0-76 
Cal.;  (K2Cr04,CH3C00H)=l-5  Cals.;  and  (K2Cr04,C02)=-0-4  Cal.;  and 
added  that  in  soln.  of  neutral  potassium  chromate,  strong  acids  cause  the  total, 


c.c.of  0-03 N-NdOH at  /a 

Fig.  26. — Electrometric  Titration  of  Chromic 
Acid  Solutions. 
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and  weak  acids  the  partial  displacement  of  one  of  the  two  potassium-atoms,  potas- 
sium dichromate  being  formed  at  the  same  time.  This  displacement  is  due  not  so 
much  to  the  smaller  heat  of  formation  of  the  chromates  compared  with  other  acids 
capable  of  displacing  chromic  acid,  as  to  the  fact  that  the  heat  of  formation  of  the 
dichromate  is  much  greater  than  that  of  the  neutral  chromate,  and  that  hence  there 
is  always  a great  tendency  to  the  formation  of  the  dichromate.  This  tendency 
renders  the  one  potassium-atom  in  the  neutral  chromate  easily  replaceable — vide 
infra,  the  action  of  acids  on  potassium  chromate.  W.  Y.  Bhagwat  and  N.  R.  Dhar 
favoured  the  view  that  chromic  acid  exists  in  soln.  as  H2Cr04,  and  potassium 
dichromate  as  KHCr04. 

E.  Spitalsky  measured  the  catalytic  effect  of  soln.  of  chromic  acid  on  the  decom- 
position of  ethyl  diazoacetate  by  G.  Bredig’s  process.  Dil.  soln.  of  chromic  acid 
contain  almost  exclusively  the  dibasic  acid  H2Cr207,  which  in  a dilution  of  500 
litres  is  dissociated  almost  completely  into  H'-  and  Cr207"-ions.  Dil.  soln.  of 
potassium  dichromate  contain  almost  exclusively  the  ions  of  the  normal  salt, 
K2Cr207.  In  accordance  with  this  view,  dil.  soln.  of  potassium  chromate,  K2Cr04, 
behave  like  alkalies  to  chromic  acid,  inasmuch  as  the  Cr04"-ions  are  changed  almost 
quantitatively  into  Cr207"-ions,  and  the  soln.  remains  neutral.  Cone.  soln.  of 
potassium  dichromate  are  slightly  acid,  probably  owing  to  slight  hydrolysis  accord- 
ing to  the  equation  : Cr207"+H20^2Cr04"+2H'  ; the  corresponding  equilibrium 
constant  A^1=[Cr04"]2[H']2/[Cr207"]  is  5-1  xlO-12.  In  a 0-1  molar  soln.  of  the 
dichromate,  the  Cr207"-ions  are  hydrolyzed  to  the  extent  of  0-13  per  cent,  and  in  a 
0017  molar  soln.  to  0-28  per  cent,  so  that  the  degree  of  hydrolysis  does  not  alter 
much  with  dilution.  Besides  the  hydrolysis,  another  reaction  represented  by  the 
equation  Cr04"+H'^HCr04'  takes  place  to  some  extent  in  dichromate  soln.  ; 
the  corresponding  constant  A2=[Cr04"][H']/[HCr04']  is  2-7  X 10-7.  There  is  no 
evidence  of  the  existence  in  dichromate  soln.  of  complex  ions  such  as  Cr3O10". 
J.  Sand  and  K.  Kastle  showed  that  the  acid  resulting  from  the  hydration  of 
chromium  trioxide  is  of  medium  strength,  and  suggested  that  in  dichromate  soln. 
there  is  the  hydrolytic  equilibrium  : Cr207"-|-H2CM2Cr04"+2H',  and  in  that 
case,  from  observations  on  a mixture  of  potassium  iodate  and  iodide,  the  reaction 
3Cr207''-j-5r+I03'=6Cr04"+3I2  is  accelerated  by  H'-ions.  The  value  of 
A=[Cr04"]2[H']2/[Cr207"]  calculated  from  these  results  is  only  approximately 
constant,  and  amounts  to  about  A=l-5xl0~13  at  25°;  and  hence  it  follows  that 
OT  A'-K2Cr207  is  hydrolyzed  to  the  extent  of  about  0-18  per  cent.  The  deviation 
from  constancy  is  not  due  to  the  direct  action  of  dichromate  on  potassium  iodide, 
as  the  rate  of  reaction  between  these  substances  is  much  slower  than  the  main 
reaction.  The  disturbance  is  probably  due  to  the  catalytic  effect  of  some  product 
formed  during  the  reaction. 

J.  Lundberg  studied  the  effect  of  chromate  soln.  on  the  hydrolysis  of  ethyl 
acetate.  If  the  hydrolysis  of  potassium  chromate  proceeds  : Cr04"+H20=HCr04' 
+OH',  the  equilibrium  constant  A1=[HCr04'][0H']/[Cr04"] ; and  if  2Cr04"-f  H20 
=Cr07"+20H',  then  A2=[Cr207"]*[0H']/[Cr04"] ; both  values  were  too  irregular 
to  decide  which  is  correct,  but  conductivity  measurements  favour  the  former,  and 
for  0-lY-K2CrO4,  /i1=l-368x  10~7,  and  0-012  per  cent,  of  the  salt  is  hydrolyzed; 
and  in  a 0-liV-K2Cr207,  containing  chiefly  HCr04'-ions,  the  salt  is  hydrolyzed 
to  the  extent  of  0-094  per  cent,  in  accord  with  HCr04'=H‘-f- Cr04".  Unlike 
E.  Spitalsky,  J.  Lundberg  assumes  that  a comparatively  large  proportion  of 
H(Y(  )4'-ions  is  present  in  aq.  soln.  of  potassium  dichromate.  For  the  observations 
of  V.  K.  la  Mer  and  C.  L.  Read,  vide  infra,  sodium  dichromate. 

Observations  on  soln.  of  sparingly  soluble  chromates  and  dichromates  have  been 
made.  Thus,  R.  Abegg  and  R.  J.  Cox  studied  the  hydrolysis  of  mercuric  chromate  ; 

M.  S.  Sherrill,  silver  chromate  ; and  K.  Beck  and  P.  Stegmuller,  lead  chromate. 
From  these  results  M.  S.  Sherrill  calculated  [H'][Cr04"J/[HCr04']— 8-4  X 10-7  at 
25°  and  [HCr04']2/[Cr.,07"] =0-013  at  25°;  and  K.  Beck  and  P.  Stegmiillcr, 

[H  J[CrO4''J/[HCrO4'j=5*7xl0-7  at  18°,  and  [HCr04']2/[Cr207']=2-5  at  18°. 
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Transport  experiments  on  potassium  chromate  were  made  by  J.  F.  Daniell 
and  W.  A.  Miller,  J.  W.  Hittorf,  R.  Lenz,  0.  Masson,  B.  D.  Steele.  R.  B.  Denison, 
and  A.  Charpentier ; F.  Kohlrausch  calculated  72  for  the  transport  number  of 
^Cr04"  from  the  conductivity  data  of  calcium  chromate  ; and  M.  S.  Sherrill,  76-7 
from  the  data  of  ammonium  chromate ; and  40  for  the  HCr04'-ion.  W.  Hittorf, 
E.  H.  Riesenfeld,  and  A.  Charpentier  made  observations  with  potassium  dichromate  ; 
and  C.  W.  D.  Whetham  found  the  velocity  of  migration  of  the  Cr207-ion  to  be 
0-00047  cm.  per  sec.  for  a potential  difference  of  one  volt ; and  the  transport 
number  to  be  91. 

F.  Morges  found  that  the  electrolysis  of  aq.  soln.  of  chromium  trioxide  furnishes 
oxygen  at  the  anode,  and  hydrogen  and  chromic  chromate  at  the  cathode. 
E.  H.  Riesenfeld  found  that  in  sulphuric  acid  soln.  a perchromic  acid  is  formed  at 
the  cathode.  According  to  E.  Liebreich,  the  thin  layers  of  oxide  or  hydroxide  on 
the  cathode,  which  give  rise  to  the  periodic  phenomena  observed  during  the  elec- 
trolysis of  chromic  acid  are  colloidal  in  nature  ; the  oxide  is  drawn  to  the  cathode 
just  so  long  as  a negative  tension  lies  on  it.  The  addition  of  chlorides  brings  about 
a displacement  of  two  curves  which  make  up  the  decomposition  voltage  curve  of 
chromic  acid.  G.  S.  Forbes  and  P.  A.  Leighton  studied  the  cathodic  reduction  of 
chromic  acid  to  a chromic  salt,  and  found  the  electrochemical  yields  with  the 
cathode  in  light  were  about  half  per  cent,  greater  than  in  darkness.  Part  or  all 
this  can  be  attributed  to  local  heating  in  the  thin  diffusion  layer  above  the  cathode. 
The  absence  of  any  increase  in  the  photochemical  yield  in  light  is  compatible  with 
light-sensitive  chromate  if  the  latter  is  equally  reactive  electrochemically  before 
and  after  excitation.  Granting  that  the  slightly  greater  electrochemical  efficiency 
in  light  is  in  part  due  to  excited  chromate,  any  estimate  of  the  quantum  yield 
requires  several  assumptions,  especially  one  concerning  the  life  of  the  excited 
individual  upon  which  its  chance  of  reaching  the  cathode  depends.  The  subject 
was  investigated  by  E.  Muller  and  P.  Ekwall,  D.  T.  Ewing  and  co-workers,  and 
A.  Lottermoser  and  H.  Walde.  E.  Liebreich  showed  that  the  thin  layers  of  oxide 
or  hydroxide,  formed  in  the  cathode  during  the  electrolysis  of  soln.  of  chromic  acid, 
are  colloidal ; they  may  give  rise  to  colloidal  phenomena  ; and  the  addition  of 
chlorides  displaces  the  two  curves  which  make  up  the  decomposition  voltage  of 
chromic  acid.  According  to  G.  P.  Vincent,  the  depolarizing  action  of  a sat.  soln. 
of  potassium  dichromate  on  hydrogen  liberated  at  a smooth  platinum  electrode 
commences  only  when  about  0-28  per  cent,  by  vol.  of  cone,  sulphuric  acid  is  present. 
With  a clean  mercury  cathode,  the  neutral  soln.  shows  100  per  cent,  depolarization 
of  the  hydrogen  set  free.  The  corrosion  of  zinc,  iron,  and  copper  by  sat.  soln.  of 
potassium  dichromate  is  produced  only  when  the  soln.  is  acidified.  No  corrosion 
occurs  with  sat.  soln.  of  potassium  dichromate  when  copper  is  short-circuited  with 
mercury  or  platinum  ; or  when  iron  is  short-circuited  with  mercury.  Zinc  when 
short-circuited  with  mercury  corrodes  slightly,  and  more  rapidly  in  0-02  per  cent, 
acetic  acid  soln.  than  in  002  per  cent,  sulphuric  acid  soln. 

The  data  of  L.  Scherbakoff  and  0.  Essin  favour  the  view  that  in  the  electrolysis 
of  cone,  sulphuric  acid  soln.  of  chromic  acid  chromium  is  deposited  by  the  discharge 
of  chromic  ions,  but,  according  to  E.  Liebreich,  with  soln.  in  dil.  acids,  the  data  for 
current  efficiencies  favour  the  View  that  the  metal  is  deposited  by  the  discharge  of 
chromous  ions.  S.  Takegami  studied  the  anodic  oxidation  of  cathodically  reduced 
chromic  acid. 

W.  D.  Bancroft  measured  the  oxidation  potential  of  potassium  dichromate  and 
chromic  acid  respectively  at  16°-18°,  and  in  0-2M-soln.  with  the  following  results  : 
stannous  chloride  and  potash-lye,  1-37,  and  1-70  volt ; stannous  chloride  and  hydro- 
chloric acid,  0-57,  and  0-90  volt ; sodium  sulphide,  1-15,  and  1-49  volt ; hydroxyl- 
amine  and  potash-lye,  1-12,  and  — volt ; hydroxylamine  and  hydrochloric  acid,  0-43, 
and  — volt ; chromous  acetate,  0-70,  and  1-03  volt ; chromous  acetate  and  alkali-lye, 
1-09,  and  — volt ; pyrogallol  and  potash-lye,  0-98,  and  1-32  volt ; hydroquinone  and 
potash-lye,  0-83,  and  1-17  volt ; sodium  hyposulphite,  0-78,  and  1-12  volt ; sodium 
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thiosulphate,  0-49,  and  0-89  volt ; sodium  sulphite,  0-48,  and  0-81  volt ; sodium 
hydrosulphite,  0-40,  and  0-73  volt ; sulphurous  acid,  0-35,  and  0-68  volt ; sodium 
hypophosphite,  0-55,  and  0-88  volt ; sodium  phosphite,  0-47,  and  0-80  volt ; potassium 
arsenite,  0-56,  and  0-89  volt ; potassium  ferrous  oxalate,  0-78,  and  — volt,  potas- 
sium ferrocyanide,  0-47,  and  0-80  volt ; potassium  ferrocyanide  and  potash-lye,  0-59, 
and  0-93  volt ; iodine  and  potash-lye,  0-57,  and  0-91  volt ; ferrous  sulphate  and  sul- 
phuric acid,  027,  and  0-60  volt ; ferrous  sulphate,  0-43,  and  0-76  volt ; and  cuprous 
chloride,  0-50,  and  0-84  volt.  B.  Neumann  measured  the  potential  of  the  chromate 
electrode  towards  a normal  electrode,  and  found  for  N-K2Cr207,  0-79  volt;-  and 
for  Ar-H2Cr207j  1-11  volt.  R.  Ihle  gave  for  sulphuric  acid  soln.,  —1-44  volt,  and  for 
alkaline  soln.,  —0-46  volt ; W.  Hittorf,  1-2  volt ; and  F.  Crotogino,  1-1  to  1-2  volt. 
The  subject  was  investigated  by  K.  F.  Ochs.  According  to  G.  S.  Forbes  and 
E.  P.  Bartlett,  certain  reducing  agents  increase  the  oxidation  potential  of  dichromate 
ions  on  platinum  by  amounts  up  to  0-2  volt— e.g.  ferrous  salts ; and,  according  to 
L.  Loimaranta,  iodides.  The  phenomenon  was  discussed  by  R.  Abegg,  and  R.  Luther. 

R.  Luther  emphasized  the  fact  brought  out  by  the  observations  of  W.  D.  Ban- 
croft, and  B.  Neumann,  that  the  potential  of  chromic  acid,  and  dichromates  is 
augmented  by  increasing  the  acidity  of  the  soln.  Thus,  if  [H‘]  denotes  the  cone, 
of  the  hydrogen  ions,  then,  the  oxidation  potentials,  E volt,  referred  to  the 
hydrogen  electrode,  are : 

[H-]  . 1 0-1  0-01  0-001  0-0001  0-00001  0-000001 

E . 1-29  1-05  0-91  0-86  0-81  0-75  0-66 

The  chromic  oxide-chromic  acid  potential  given  by  R.  Abegg  and  co-workers 
for  Cr'"-f  4H20-f 3©^HCr04'+7H'  is  nearly  1-3  volt.  In  alkaline  aoln.,  the 
potential  referred  to  the  normal  electrode  for  Cr(OH)330iid-f  50H'+3©^Cr04" 
+4H20,  is  —0-1  volt,  and  E.  Muller  gave  0-908  for  the  e.m.f.  of  the»cell  Pt  | H2, 
O-OIN-KOH  | 0-012V-KOH,  0-025K2Cr04  | Pt.  E.  Spitalsky  found  the  potential  of 
a dichromate  soln.  to  be  about  0-85  volt  in  the  presence  of  an  H‘-ion  concentration 
of  10-3  to  10~4.  R.  Luther  observed  that  the  oxidation  of  chromium,  and  bi- 
and  ter-valent  chromium  to  chromate  ions  yield  an  e.m.f.  corresponding  with 
0-6  volt  for  Crm,.tai->Cr04"  against  a normal  electrode  ; 1-1  volt,  for  Cr"->Cr04"  ; 
and  1-5  volt  for  Cr"‘— >Cr04".  In  acidic  soln.,  the  Cr04"-ion  plays  only  a secondary 
part.  In  the  case  of  HCr04'-ions,  the  e.m.f.  are  0-4  volt  for  CrraPt.,i+4HoO 
+6©->HCr04'+7H'  ; 0-9  volt  for  Cr"  + 4H20+ 4©->HCr04'+7H  ; and  1-3 
volt  for  Cr'"-j-4H20+3©->HCr04'+7H‘.  These  changes  furnish  Cr^etar^Cr",  0-3 
volt ; Crmetai->Cr"‘,  0-2  volt ; Cr"->Cr*“,  0-1  volt.  If  an  intermediate  oxidation 
compound  exists  under  the  conditions  of  observation,  this  compound  is  a stronger 
oxidizing  agent  than  the  highest  oxidation  product,  and  a stronger  reducing  agent 
than  the  lowest  oxidation  product. 

H.  Moissan  8 said  that  aq.  soln.  of  chromium  trioxide  are  photosensitive,  for  they 
decompose  with  the  evolution  of  oxygen,  when  exposed  to  light.  M.  Ponton  found 
that  although  chromates  are  stable  in  light,  they  are  rapidly  reduced  if  organic 
substances  be  present — e.g.  ammonium  or  potassium  dichromate  in  contact  with 
paper.  J.  M.  Eder  observed  that  glue,  albumin,  gum  arabic,  dextrine,  cane-sugar, 
grape-sugar,  glycerol,  casein,  alcohol,  etc.,  act  in  this  way.  E.  Kopp  said  that 
chromic  oxide  is  formed.  The  reaction  was  observed  by  W.  H.  F.  Talbot,  A.  Poite- 
vin,  and  J.  C.  Schnauss.  E.  Goldberg  said  that  the  reaction  between  quinine 
and  chromates  is  activated  by  light ; but  R.  Luther  and  G.  S.  Forbes  showed  that 
the  photoactivation  of  the  chromate  is  negligibly  small  in  comparison  with 
that  of  the  quinine.  The  subject  was  discussed  by  J.  Plotnikoff,  H.  C.  Winther, 
E.  J.  Bowen  and  C.  W.  Bunn,  H.  Zocher  and  K.  Coper,  B.  K.  Mukerji  and 
N.  R.  Dhar,  F.  Weigert,  G.  S.  Forbes  and  co-workers,  M.  Schiel,  F.  Schommer, 
G.  S.  Forbes  and  P.  A.  Leighton,  and  R.  E.  Liesegang.  J.  Plotnikoff  found  that 
the  chromate  of  ammonium,  potassium  or  sodium  suffers  no  decomposition  when 
exposed  to  the  most  intense  sunlight  provided  substances  capable  of  oxidation 
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are  absent ; if  organic  substances  are  present,  reduction  occurs  even  in  the  light 
from  an  electric  arc  ; the  reduction  results  in  the  formation  of  a brown  precipitate 
or  of  a green  soln.  according  to  the  nature  of  the  oxygen  acceptor ; and  gas  may 
be  evolved  in  some  cases — e.g.  ammonia  from  ammonium  chromate.  The  photo- 
sensitiveness of  mixtures  of  gelatine  or  glue  and  chromates  is  of  industrial  import- 
ance— the  organic  substance  becomes  insoluble  and  the  chromium  trioxide  is 
reduced.  J.  M.  Eder  showed  that  in  this  respect,  the  dichromates  are  more  sensitive 
than  the  chromates.  A.  Popovicky  suggested  that  the  substance  obtained  when 
gelatin  treated  with  a dichromate  is  exposed  to  sunlight  is  the  compound, 
4Cr203.3Cr03  ; the  tanning  action  on  gelatin  is  attributed  to  this  compound. 

J.  M.  Eder  found  that  the  action  of  light  on  chromated  gelatin  begins  at  550/x.p., 
reaches  a maximum  between  470p./x  and  430/x/x,  and  becomes  very  slight  beyond 
380 ygi.  This  is  in  contrast  with  J.  Plotnikoff’s  result  with  collodion  sensitized 
with  potassium  dichromate  and  cresyl-blue  in  which  the  action  was  found  to 
begin  in  the  yellow  at  595/xp,,  and  reached  a maximum  in  the  green  between  540/z/z 
and  580/x/x.  A photographic  reproduction  process  is  based  on  the  reaction  ; and 
chromated  and  insolated  glue  can  in  some  cases  be  used  as  a substitute  for  wood, 
leather,  or  celluloid.  According  to  T.  Swensson,  the  potential  of  soln.  of  potassium 
dichromate  against  a platinum  electrode,  and  exposed  to  the  ultra-violet  light  of  a 
mercury  lamp,  rises  rapidly,  and  on  removing  the  light,  it  slowly  falls.  The  same 
result  is  obtained  whether  or  not  the  platinum  electrode  is  illuminated.  A soln. 
with  4 mols  of  sulphuric  acid  and  a mol  of  potassium  dichromate  per  litre,  gives  an 
increase  of  potential  of  0-2280  volt  by  illumination.  The  cause  of  the  large  change 
in  potential  is  in  some  way  due  to  a mutual  action  of  the  dichromate  and  sulphuric 
acid,  since  both  potassium  dichromate  soln.  and  sulphuric  acid  when  submitted 
alone  to  the  action  of  the  light  only  give  a lowering  of  the  potential,  whereas  chromic 
acid  soln.  gives  a slight  increase.  The  increase  of  potential  is  independent  of  the 
cone,  of  the  soln.  E.  Muller  studied  the  potential-current  curves  of  30  per  cent, 
soln.  of  chromium  trioxide,  from  which  it  is  inferred  that  a film  of  chromic  oxide 
is  formed  at  cathode  potentials  not  exceeding  0-3  volt.  This  film  hinders  the 
excess  of  chromium  ions,  but  is  permeable  to  hydrogen  ions.  At  about  — 0-7  volt, 
the  film  begins  to  be  permeable  and  an  almost  continuous  reduction  of  sexivalent 
to  tervalent  chromium  sets  in  ; and  with  still  more  negative  values,  the  deposition 
of  chromium  begins,  and  the  film  disappears.  In  the  presence  of  S04-,  N03-, 
C104-,  and  SiF6-ions,  the  film  is  imperfect  and  may  be  swept  away  by  the  gaseous 
hydrogen  which  is  evolved — hence  the  presence  of  sulphates  favours  the  deposition 
of  bright,  coherent  chromium.  The  periodic  phenomenon  in  the  electrolysis  of 
chromic  acid  was  discussed  by  J.  E.  Liebreich,  G.  J.  Sargent,  A.  Kleffner,  and 

K.  Oyabu.  A.  V.  PamfilofE  discussed  the  role  of  chromates  in  the  electroytic 
production  of  chlorates  ; and  D.  J.  MacNaughtan  and  R.  A.  F.  Hammond,  in  the 
electrodeposition  of  nickel. 

According  to  E.  Wedekind  and  C.  Horst,9  the  magnetic  susceptibility  of 
chromium  trioxide  is  0-75  X 10~6  mass  units  ; K.  Honda  and  T.  Sone  gave  0-51  x 10~6 
at  18°,  and  at  225°,  L.  Blanc,  and  L.  A.  Welo  made  some  observations  on  this 
subject.  P.  Pascal  gave  — 0-5  xlO-5  for  the  mol.  magnetic  susceptibility  of 
chromic  acid. 
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§ 14.  The  Chemical  Properties  of  Chromium  Trioxide 

According  to  J.  J.  Berzelius,1  and  0.  Unverdorben,  chromium  trioxide  has  no 
smell ; it  tastes  first  acidic,  then  harsh,  but  not  metallic  ; and  it  stains  the  skin 
yellow — the  stain  is  not  removed  by  water  but  it  is  removed  by  alkalies.  Chromium 
trioxide  solid  or  in  aq.  soln.,  or  in  sulphuric  acid  soln.,  or  in  the  form  of  its  salts, 
is  a strong  oxidizing  agent,  and  is  therefore  reduced  by  many  agents.  E.  Ludwig 
observed  that  hydrogen  quickly  reduces  a cone.  soln.  of  chromium  trioxide,  but 
acts  only  slowly  on  a dil.  soln.  W.  N.  Ipatieff  and  co-workers  found  that  an  acidic 
neutral  or  alkaline  soln.  of  chromium  trioxide  at  280°  to  300°  is  reduced  by  hydrogen 
under  a press,  of  200  atm.  to  form  crystals  of  Cr203.H20.  In  the  presence  of  free 
sulphuric  acid  at  300°  and  80  atm.,  small  violet-grey  crystals,  soluble  in  neither  acid 
nor  alkali,  are  formed  and,  in  the  latter  case,  appear  to  have  the  composition  R20. 
2Cr203.3S03.H20.  At  280°  and  150  to  200  atm.,  the  compound  2Cr203.3S03.6H20 
is  obtained  as  dark  green,  cubic  crystals.  In  the  presence  of  ferrous  or  ferric  sulphate, 
complex  isomorphous  mixtures  containing  iron  and  chromium  are  obtained  in  the 
form  of  dark  green,  cubic  crystals.  Iron  pyrites  frequently  accompanies  such  mix- 
tures— vide  supra,  chromic  oxyhydroxide.  C.  L.  Reese  observed  that  in  the  absence 
of  a catalytic  agent,  a soln.  of  chromic  acid,  alone  or  in  the  presence  of  1 to  15  per  cent, 
by  vol.  of  sulphuric  acid,  is  not  reduced  by  hydrogen  below  50°  ; and  only  very  slowly 
below  100°.  After  116  hrs.’  exposure,  at  100°,  70  per  cent,  of  hydrogen  is  oxidized  ; 
and  at  156°,  with  7 hrs.’  exposure,  11  per  cent,  of  hydrogen  is  oxidized  and  much 
oxygen  is  evolved  owing  to  the  decomposition  of  the  chromic  acid.  The  oxidation 
is  not  dependent  on  the  thermal  decomposition  of  chromic  acid  because  it  occurs 
at  a temp,  below  that  at  which  oxygen  is  evolved.  An  aq.  soln.  of  chromic  acid  is 
not  reduced  by  the  hydrogen  evolved  by  passing  an  electric  current  through  the 
liquid,  but  if  a trace  of  sulphuric  acid  or  a sulphate  be  present,  reduction  occurs 
until  a certain  limit  is  reached,  and  this  is  dependent  on  the  cone,  of  the  acid. 
A.  C.  Chapman  found  that  acidic  soln.  of  chromates  are  reduced  to  chromic  salts 
by  hydrogenized  palladium.  J.  Hargreaves  and  T.  Robinson  observed  the  reduction 
of  chromates  to  chromic  oxide  when  heated  in  hydrogen.  Purified  chromium 
trioxide  exposed  to  air  slowly  becomes  moist,  and  deliquescent.  A.  Mailfert  found 
that  in  the  presence-  of  ether,  ozone  furnishes  perchromic  acid ; but  H.  Moissan 
could  not  obtain  blue  perchromic  acid  by  the  action  of  ozone  on  a soln.  of  chromic 
acid.  Chromium  trioxide  was  found  by  H.  Rose  to  dissolve  in  a small  proportion 
of  water  forming  a dark  reddish-brown  soln.,  and  with  a larger  proportion  of  water, 
the  colour  is  lemon-yellow.  The  aq.  soln.  reddens  litmus.  For  the  solubility  in 
water,  vide  supra.  According  to  M.  Traube,  in  acidic  soln.,  chromium  trioxide  is 
reduced  * by  hydrogen  dioxide  to  chromic  oxide : 4Cr03-)-8H202-f  6H2S04 
=2Cr2(S04)3+702-f-14H20.  L.  C.  A.  Barreswil  observed  that  a transient  blue 
colour  is  produced  before  the  evolution  of  oxygen  begins — vide  infra,  perchromic 
acid.  The  reaction  was  discussed  by  A.  Bach,  E.  Spitalsky,  A.  von  Kess  and 
F.  E.  Lederer,  E.  Spitalsky  and  N.  Koboseff,  and  E.  H.  Riesenfeld  and  A.  Wesch. 
The  catalytic  decomposition  of  potassium  dichromate  and  hydrogen  dioxide  by 
cobalt  salts  is  represented  : K2Cr207+H202=2KCr04+H20,  and  2KCr04+H202 
=K2Cr207+H20+02.  The  velocity  of  the  reaction  is  promoted  by  copper, 
manganese,  nickel,  and  cerium  salts.  In  that  case,  the  reaction  2KCr04-|-H202 
=K2Cr207+H20+02  then  gives  way  to  the  rapid  reaction  2KCr04-fCoCl2-|-2HoO 
=H2Co03+K2Cr207 +2HC1,  and  H2Co03+H202+2HCl=CoCl2+3H20+02,  in 
agreement  with  the  observation  that  a definite  H'-ion  cone,  is  necessary  for  the 
promotion.  This  explanation  agrees  with  the  observation  that  a definite  hydrogen- 
ion  cone,  is  necessary  for  the  promotion.  Oxidation  of  the  cobalt  is  indicated  by  a 
decrease  in  the  cone,  of  the  perchromic  acid  in  the  promoted  reaction.  The 
cobalt  may  be  in  the  ter-  or  quadri- valent  state  during  the  promotion.  The 
catalytic  decomposition  of  hydrogen  dioxide  by  potassium  dichromate  was  studied 
by  E.  Spitalsky  and  N.  Koboseff ; and  its  acceleration  by  manganese  salts  by 
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A.  C.  Robertson.  According  to  E.  Spitalsky  and  N.  Koboseff,  during  the  catalysis 
of  hydrogen  dioxide  by  chromic  acid  or  by  acidified  soln.  of  potassium  dichromate 
the  conductivity  at  first  decreases  sharply  to  a value  which  remains  approximately 
constant  during  the  major  part  of  the  reaction  and  then  returns  to  its  initial  value 
as  the  reaction  approaches  completion.  These  changes  are  due  to  the  formation 
and  decomposition  of  catalytic  intermediate  compounds,  and  are,  as  is  the  catalysis 
itself,  completely  reversible,  so  that  for  each  initial  cone,  of  the  substrate  a definite 
value  is  obtained  for  the  conductivity  decrease  and  for  the  minimum  conductivity. 
That  the  conductivity  changes  afford  a parallel  with  the  complicated  kinetics  of 
the  reaction  in  dil.  acid  soln.  is  indicated  by  the  coincidence  of  the  maxima  of  the 
velocity  of  catalysis  and  of  the  velocity  of  the  conductivity  change.  From  the 
decrease  of  the  conductivity  the  extent  to  which  the  hydrogen  ions  are  used  up  in 
the  formation  of  intermediate  compounds  may  be  calculated ; the  flat  portion  of 
the  velocity  curves  represents  the  complete  removal  of  the  hydrogen  ions,  whilst 
the  velocity  maximum  expresses  their  liberation  near  the  end  of  the  reaction. 
The  relationships  have  been  determined  at  constant  substrate  cone,  of  the  reaction 
velocity  and  of  the  conductivity  decrease  with  (1)  variation  of  the  dichromate  cone, 
at  constant  acid  cone.  ; (2)  variation  of  the  acid  cone,  at  constant  dichromate  cone. ; 
and  (3)  variation  in  constant  ratio  of  both  the  acid  and  dichromate  cone.  In  the 
third  case  only  the  reaction  velocity  and  the  conductivity  decrease  are  influenced 
in  the  same  manner  by  the  cone,  changes.  The  nature  of  the  curves  obtained  leads 
to  the  hypothesis  that  during  the  course  of  the  reaction  two  intermediate  compounds, 
Mx  and  M2,  are  formed  reversibly,  which  require  no  hydrogen  ions  for  their  forma- 
tion and  possess  relatively  small  affinity  constants,  together  with  a third  compound 
M3,  which  is  much  more  stable  and  requires  hydrogen  ions  for  its  formation.  From 
the  initial  acid  and  dichromate  concentrations  and  the  decrease  of  hydrogen-ion 
cone,  during  the  catalysis  the  most  probable  nature  of  the  more  stable  compound 
M3  is  given  by  the  equation  : 2Cr207"+2H202-t-K'+H'=KH5Cr4018",  the 
affinity  constant  of  the  reaction  being  1013.  The  velocity  constants  kx= 42,  and 
^2=5-6.  On  the  flat  portion  of  the  velocity  curve,  where,  at  high  concentrations 
of  hydrogen  peroxide,  the  more  stable  additive  compound  M3  is  but  little  dis- 
sociated, the  catalysis  is  effected  simultaneously  by  two  intermediate  compounds, 
viz.,  M3  and  the  compound  Mx,  which  is  the  active  agent  in  the  catalysis  in  neutral 
soln.  Towards  the  end  of  the  reaction,  as  the  hydrogen  peroxide  cone,  becomes 
very  small,  M3  decomposes  and  releases  the  hydrogen  ions  ; very  active  but  short- 
lived intermediate  compounds  are  then  formed,  and  account  for  the  sharp  maximum 
in  the  reaction  velocity.  From  the  affinity  constants  of  Mx  and  M3,  bearing  in 
mind  the  possible  existence  of  another  substance  M2,  the  reaction  velocity  curves 
agree  fairly  well  with  part  of  the  experimental  curves. 

According  to  H.  Moissan,2  chromium  trioxide  does  not  react  with  chlorine  free 
from  hydrogen  chloride  ; and  K.  H.  Butler  and  D.  McIntosh  observed  that  the 
trioxide  is  insoluble  in  liquid  chlorine,  and  has  no  effect  on  the  b.p.  of  the  liquid. 
According  to  A.  Michael  and  A.  Murphy,  a soln.  of  chlorine  in  carbon  tetrachloride 
in  a sealed  tube  at  175°  forms  chromyl  and  carbonyl  chlorides.  H.  Moissan 
observed  that  bromine  has  no  action  on  the  trioxide.  I.  Walz  found  that  a cone, 
soln.  of  chromium  trioxide,  when  poured  on  iodine,  rapidly  turns  black  and  assumes 
a syrupy  consistency,  and  the  liquid  thus  formed  does  not  respond  to  the  tests  for 
free  iodic  or  hydriodic  acid ; chromium  hypoiodite  may  be  formed.  A mixture 
of  sulphuric  acid  and  chromium  trioxide  oxidizes  iodine  to  iodic  acid.  0.  Ruff  and 
H.  Krug  found  that  the  trioxide  is  vigorously  attacked  by  chlorine  trifluoride. 
L.  Henry  showed  that  hydrogen  chloride  forms  chromyl  chloride : Cr034-2HC1 
=Cr02Cl2+H20.  The  water  so  formed  reacts  with  the  chromyl  chloride  producing 
a dark  oily  liquid.  W.  Autenrieth  added  that  the  reaction  with  dry  hydrogen  chloride 
is  vigorous  and  chromyl  chloride  is  formed ; with  35  to  40  per  cent,  hydrochloric  acid, 
35  per  cent,  of  the  acid  forms  chromyl  chloride  : Cr03-|-2HCl=Cr02Cl2-|-H20 ; with 
20  per  cent,  hydrochloric  acid,  chlorine,  as  well  as  chromyl  chloride,  is  produced : 
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2Cr03 -I- 1 2HCl=2CrCl3 d-3Cl24-6H20.  F.  Penny  said  that  with  boiling  hydrochloric 
acid  chromic  chloride  and  chlorine  are  formed.  J.  W.  Thomas  found  that  hydrogen 
chloride  reduces  chromates  and  dichromates.  R.  J.  Meyer  and  H.  Best  obtained 
chromyl  chloride  by  the  action  of 
chloride  on  an  acetic 
of  chromium  trioxide. 

H.  Moissan  found  that  dry  hydro- 
gen bromide  does  not  act  on 
chromium  trioxide ; while,  accord- 
ing to  F.  Penny,  boiling  hydro- 
bromic  acid  yields  bromine. 

M.  Bobtelsky  and  A.  Rosenberg 
found  that  the  velocity  measure- 
ments agreed  with  the  typical 
formula  for  a reaction  of  the  second 
order ; and  the  effects  of  salts  on 
the  speed  of  the  reaction  are  sum- 
marized in  Fig.  27.  The  action  of 
the  salts  decreases  in  the  order  : 

NiCl2  > MgCl2  > FeCl3  > HC1  > A1C13 
> CrCl3  ; and  HgCl2  > CdCl2 
>ZnCl2,  where  the  action  of  the 
mercuric  chloride  is  catalytic,  and 
zinc  chloride  exerts  a neutral  salt 
effect.  The  subject  was  also  dis- 
cussed by  M.  Bobtelsky,  and  by 

M.  Bobtelsky  and  D.  Kaplan. 

L.  L.  de  Koninck  noticed  that 
when  potassium  bromide  is  melted  with  a chromate,  bromine  is  liberated. 

H.  Moissan  found  that  dry  hydrogen  iodide  has  no  action  on  chromium  trioxide  ; 
and  F.  Penny,  C.  F.  Mohr,  E.  Donath,  and  M.  M.  Richter  observed  that  with  boiling 
hydriodic  acid,  and  iodides,  iodine  is  set  free.  According  to  W.  Ostwald,  the 
reaction  2Cr03+6HI=2Cr(0H)3-f  3I2  is  accelerated  by  the  presence  of  free  acids 
proportionally  with  the  affinity  constants  of  the  acids.  R.  E.  de  Lury  found  that 
the  velocity  of  oxidation  of  potassium  iodide  by  potassium  dichromate  is  propor- 
tional to  the  cone,  of  the  dichromate,  and  to  the  square  of  the  cone,  of  the  acid 
employed.  The  temp,  coeff.  of  the  reaction  is  about  1-4.  The  presence  of  ferric 
salts  strongly  accelerates  the  reaction.  The  theory  of  R.  Luther  and  co-workers  is 
that  the  induction  of  the  reaction  between  chromic  acid  and  iodides  by  ferrous 
salts  is  due  to  the  formation  of  quinquevalent  chromium  by  the  reaction  between 
ferrous  ions  and  sexivalent  chromium  ions,  these  then  oxidizing  other  ferrous  ions 
and  also  iodide  ions.  According  to  C.  Wagner  and  W.  Preiss,  the  equilibrium 
CrVI-t-Fen^Crv+Feni  is  established  very  rapidly,  and  C.  C.  Benson,  having 
shown  that  the  oxidation  of  ferrous  salts  by  chromic  acid  is  proportional  to  the 
square  of  the  cone,  of  the  ferrous  salt,  said  that  the  reaction  between  Crv-ions  and 
Fe“-ions  can  primarily  involve  only  one  of  the  latter,  somewhat  as  follows : 
Crv+2FeII->CrIII+2Fe111.  The  reaction  with  the  iodide  ion  also  proceeds  in  two 
stages  with  hypoiodous  acid  as  an  intermediate  product:  Crv+II+HOI->Cr111 
+HIO  ; and  HI0+H'+I,->l2+H20.  The  values  of  the  velocity  cosntants 
indicate  that  there  is  a side  reaction  involving  the  splitting  up  of  some  Crv-ions 
possibly  into  Cr111-  and  CrVI-ions.  The  reaction  was  also  studied  by  K.  Seubert 
and  J.  Carstens,  K.  Seubert  and  A.  Henke,  C.  Wagner  and  W.  Preiss,  P.  A.  Meer- 
burg,  R.  H.  Clark,  W.  Manchot  and  R.  Kraus,  R.  F.  Beard  and  N.  W.  Taylor, 
W.  Preiss,  A.  Schiikareff,  C.  C.  Benson,  J.  M.  Bell,  W.  C.  Bray,  R.  A.  Gortner, 
R.  Luther  and  T.  F.  Rutter,  M.  H.  Golblum  and  L.  Lew,  M.  Bobtelsky,  and 

N.  A.  Orloff.  W.  B.  Morehouse  found  the  X-ray  absorption  of  aq.  soln.  is  greater 
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Fig.  27. — The  Effect  of  Salts  on  the  Reaction  : 
6HBr+2Cr03=Cr203  + 3H20  + 3Br2. 
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by  0-25  per  cent,  after  than  before  the  reaction : K2Cr207-|-12KI+14HCl=8KCl 
+2CrCl3+3I2+6KI+7H20.  N.  Schiloff  studied  the  catalytic  action  of  chromate 
ions  on  the  reaction  between  potassium  bromate  and  potassium  iodide.  N.  R.  Dhar 
showed  that  the  speed  of  the  reaction  between  chromic  acid  and  potassium  iodide 
is  increased  in  sunlight ; and  S.  S.  Bhatnagar  and  co-workers,  that  it  is  accelerated 
by  a magnetic  field.  F.  E.  E.  Germann  and  D.  K.  Shen  studied  the  action  of 
chromic  acid  on  silver  iodide  photographic  plates. 

H.  Moissan  3 found  that  when  chromium  trioxide  is  heated  with  sulphur,  the 
mixture  inflames,  forming  sulphur  oxides  and  chromium  sulphide.  K.  Bruckner 
said  that  chromic  oxide  and  a little  sulphide  are  formed.  J.  B.  Senderens  observed 
that  when  the  mixture  is  triturated  in  the  cold,  sulphur  dioxide  and  a brown  mush 
of  chromic  chromate  and  sulphate  are  formed — if  water  be  present,  the  reaction  does 
not  occur  in  the  cold.  According  to  0.  Harten,  when  hydrogen  sulphide  is  passed 
over  heated  chromium  trioxide,  decomposition  occurs  with  incandescence  : 2Cr03 
+6H2S=Cr2S3-|-6H20-f-3S.  H.  B.  ‘Dunnicliff  and  C.  L.  Soni  studied  the 
mechanism  of  the  reaction,  which  they  represented : 2H2Cr04-)-3H2S=2Cr(0H)3 
+2H20-f-3S.  H.  Rose  found  that  an  aq.  soln.  of  chromic  acid  reacts  with  hydrogen 
sulphide  forming  water,  sulphur,  and  hydrated  chromic  oxide ; aq.  soln.  of 
chromates  mixed  with  acid  become  green  when  treated  with  hydrogen  sulphide, 
and  sulphur  is  precipitated  ; hot  soln.  are  rapidly  decomposed  forming  sulphuric 
acid.  M.  Traube  found  that  dry  sulphur  dioxide  does  not  react  with  dry  chromium 
trioxide  at  100°,  and  at  180°,  sulphur  trioxide  and  chromic  chromate  are  slowly 
formed.  P.  Berthier  said  that  aq.  soln.  of  potassium  dichromate  and  chromate  are 
changed  rapidly  into  a mixture  of  sulphate  and  dithionate  ; with  the  chromate  soln., 
brown  chromium  hydroxide  is  first  formed  and  then  dissolved  as  more  sulphur 
dioxide  is  passed  into  the  soln.  According  to  H.  Bassett,  when  potassium  dichromate, 
potassium  chromate,  or  chromic  acid  is  reduced  by  sulphurous  acid,  94  to  95  per 
cent,  of  sulphate  is  formed  together  with  5 to  6 per  cent,  of  dithionate,  the  amount 
of  the  latter  produced  being  independent  of  the  temp.  The  freshly  reduced  soln. 
do  not  give  the  reactions  of  chromium  or  of  S04-ions,  and  appear  to  contain  a 
compound  (KS04)Cr2(S04)2(KS03),  or  the  corresponding  acid,  which  slowly 
decomposes  into  chromic  sulphate  and  potassium  sulphite.  If  sulphuric  acid  or 
potassium  sulphate  is  added  to  these  soln.,  the  reactions  of  S04  are  not  given  by 
the  resulting  mixture.  It  seems  possible  that  one  mol  of  chromium  sulphate  may 
mask  the  reaction  of  as  many  as  six  mols  of  sulphuric  acid.  A.  Skrabal  said  that 
if  chromic  acid  be  rapidly  reduced  by  sulphur  dioxide  an  unstable,  green  chromic 
salt  is  formed ; and  if  slowly  reduced  with  a feebly  acid  soln.,  a violet 
chromic  salt  is  formed.  H.  Rose  found  that  cone,  sulphuric  acid  dissolves 
chromium  trioxide  forming,  in  the  cold,  a brownish-yellow  soln.  which  gradually 
deposits  crystals  of  chromium  trioxide  ; if  the  soln.  is  heated  to  the  evaporation 
temp,  of  sulphuric  acid,  oxygen  is  evolved  and  chromic  chromate  and  sulphate  are 
formed.  A.  Wesch  observed  that  when  warmed  with  sulphuric  acid,  chromium 
trioxide  is  decomposed  more  turbulently  than  potassium  dichromate— oxygen  is 
evolved  but  no  ozone.  C.  Weltzien,  and  C.  T.  Kingzett  observed  that  when  cone, 
sulphuric  acid  and  potassium  dichromate  are  heated  together,  ozonized  oxygen 
is  evolved  ; J.  C.  G.  de  Marignac  denied  this.  L.  I.  de  N.  Ilosva  attributed  the 
reaction  to  the  presence  of  chlorine,  not  ozone,  but  R.  Kraus  found  that  when 
powdered  potassium  dichromate,  free  from  chlorine  is  triturated  with  cone,  sul- 
phuric acid,  ozone  is  formed.  O.  Brunck  also  observed  a formation  of  ozone. 
A.  W.  Rakowsky  and  D.  N.  Tarassenkoff  measured  the  solubility  of  chromium 
trioxide  in  sulphuric  acid  between  0°  and  100°,  and  they  said  that  the  smooth  curves 
with  high  concentrations  of  sulphur  trioxide  suggest  the  existence  of  only  one  solid 
phase.  A.  Schrotter,  and  P.  A.  Bolley  observed  the  solubility  of  chromium  trioxide 
in  sulphuric  acid  respectively  of  sp.  gr.  1-660  and  84-5  per  cent. ; and  J.  Fritzsche 
found  it  to  be  very  soluble  in  sulphuric  acid  of  sp.  gr.  1-85.  L.  F.  Gilbert  and 
co-workers  found  the  solubility  expressed  in  molar  percentages  at  25°  to  be : 
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0 1-47  16-41  32-04  33-17  37-79  38-97  45-80  58-94 

3 . 25-78  21-10  111  1-62  ^1-58  0-43  0-36  0-44  0-88 

Solid  phase  Cr03  Cr03.S03  Cr03.S03.H20 

The  results  are  plotted  in  Fig.  75,  in  connection  with  chromyl  sulphate.  The 
solubilities  at  45°  are  : 

S03  5-25  16-73  22-01  31-05  33-55'  34-67  37-07  42-26  45-67 

Cr03  13-79  1-00  0-17  1-16  1-16  Ml  0-63  0-38  0-30 

- v ^ 

Solid  phase  Cr03  Cr03.S03  Cr03S03.H20 

The  results  of  A.  W-  Rakowsky  and  D.  N.  Tarassenkoff  between  0°  and  100°,  are 
plotted  in  Fig.  28.  The  hydrate  S03.2H20  forms  metastable  mixed  crystals  with 
chromium  trioxide.  J.  Fritzsch  said 
that  the  trioxide  is  slightly  soluble  in  a 
soln.  of  potassium  hydrosulphate.  Ac- 
cording to  O.  Brunck,  chromium  tri- 
oxide  and  chromates  are  immediately 
reduced  by  sodium  hyposulphite  at 
ordinary  temp,  forming  chromic  oxide 
or  chromic  salts.  A.  Longi  and  L.  Bo- 
navia  observed  that  in  the  reaction  be- 
tween chromium  trioxide  and  thiosul- 
phates, W.  Diehl’s  equation  : 4K2Cr207 
+ 3Na2S203  + 13H2S04  = 3Na2S04 
-f 4Cr2(S04)3+4K2S04+13H20  is  not 
correct.  On  adding  a mineral  acid  and 
to  a dil.  soln.  of 
A.  Longi  found 
I2Cr04+6H2S203 

=3H2S406-f-2Cr(0H)3+2H20,  occurs ; small  quantities  of  sulphuric  acid  are 
simultaneously  formed  in  accordance  with  the  secondary  reaction  : 3H2S406 
+14H2Cr04+16H20=12H2S04+7Cr2(0H)6.  Hydrogen-  sulphide  is  also  pro- 
duced, and  both  sodium  thiosulphate  and  tetrathionic  acid  give  this  gas  when  small 
quantities  of  an  acid  or  a .chromic  salt  are  added  to  their  soln.  ; more  hydrogen 
sulphide  is  obtained  at  high  than  at  low  temp.,  and  tetrathionic  acid  is  more  stable 
than  the  thiosulphate,  for  sodium  thiosulphate  gives  hydrogen  sulphide  when 
treated  with  hydrogen  dioxide  or  acetic  acid,  or  when  carbon  dioxide  is  passed 
through  its  hot  soln.  The  reaction  was  studied  by  F.  J.  Faktor  ; and  G.  Powarnin 
and  M.  Chitrin  showed  that  in  cone,  soln.,  the  oxidation  proceeds  most  readily  in 
the  absence  of  an  excess  of  acid — i.e.  no  more  than  8H'  per  2Cr.  No  more  than 
4-2  mols  of  thiosulphate  per  mol  of  potassium  dichromate  take  part  in  the  first  stage 
of  the  reaction ; the  proportion  of  sulphur  separated  increases  with  the  cone,  of 
the  H'-ions  ; in  neutral  soln.  no  sulphur  is  formed  and  the  reaction  proceeds  : 
2Cr207"+ S203"=Cr04''+2S03"+3Cr02.  When  the  proportion  of  H’-ions  is 
raised  from  8 to  14  per  2Cr,  the  amount  of  thiosulphate  which  undergoes  change 
is  altered,  and  more  sulphur  is  separated.  This  indicates  that  when  the  cone,  of 
the  H’-ions  is  low,  tetrathionate  is  formed,  and  the  tetrathionate  is  decomposed 
when  the  cone,  of  the  H’-ions  is  high.  H.  Moissan  observed  that  selenium  reacts 
violently  with  the  trioxide. 

H.  Moissan  4 said  that  nitrogen  has  no  action  on  chromium  trioxide.  O.  Unver- 
dorben,  and  R.  Bottger  showed  that  ammonia  gas  decomposes  the  dry  trioxide  with 
incandescence  at  ordinary  temp,  forming  chromic  oxide.  M.  Berthelot  examined 
the  heat  of  the  reaction.  E.  C.  Franklin  said  that  the  trioxide  is  slightly  soluble 
in  liquid  ammonia.  According  to  A.  Rosenheim  and  F.  Jacobsohn,  liquid 
ammonia  acts  on  chromium  trioxide  in  a sealed  tube  at  ordinary  temp,  forming  a 
brown  complex-chromium  triamminotrioxide,  Cr03.3NH3,  or  more  probably 
ammonium  imidochromate,  NH  : CrO(O.NH4)2 — vide  amido  compounds,  8.  49,  21. 


potassium  dichromate 
sodium  thiosulphate, 
that  the  reaction  : 21 


Fia.  28. — The  Ternary  System  : 
Cr03-S03-H20  between  0°  and  100°. 
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For  the  action  of  aq.  ammonia,  vide  the  ammonium  chromates.  F.  Ephraim 
observed  that  the  trioxide  reacts  vigorously  when  triturated  with  sodium  amide. 
T.  Curtius  and  F.  Schrader  observed  that  hydrazine  is  decomposed  explosively  by 
chromates  ; U.  Roberts  and  F.  Roncali  said  that  2 mols  of  potassium  dichromate 
develop  3 mols  of  nitrogen,  while  K.  Seubert  and  J.  Carstens  represented  the  reac- 
tion : H2Cr207+N2H4=2Cr02+3H20+N2 — chromium  dioxide  is  formed  as  an 
intermediate  product.  E.  J.  Cuy  and  W.  C.  Bray  represented  the  reaction  with 
hydrazine  in  acidic  soln.  by  3N2H5'-f  2Cr207"-t-13H‘=3N2-|-4Cr'”+14H20. 
E.  Schweizer  represented  the  reaction  in  aq.  soln.  with  nitric  oxide  by  : 2K2Cr207 
+2N0=2KN03+ K2Cr04+Cr203.Cr03.  The  reaction  was  also  studied  by 
H.  Reinsch,  and  C.  W.  Eliot  and  F.  H.  Storer.  P.  Grouvelle,  and  F.  Wohler  found 
that  nitrous  acid  reduces  chromium  trioxide  in  aq.  soln.  H.  Rose  said  that  nitric 
acid  does  not  change  the  chromic  acid  of  the  chromates,  but  in  cone.  soln.  red 
fuming  nitric  acid  reduces  chromic  acid  to  chromic  oxide  and  brown  chromic 
chromate.  E.  Zettnow  said  that  chromic  acid  is  insoluble  in  nitric  acid  of  greater 
sp.  gr.  than  1-46;  and  R.  Bunsen,  in  . fuming  nitric  acid  containing  no  nitrous 
oxides.  S.  A.  Mumford  and  L.  F.  Gilbert  found  that  the  solubilities  of  chromic 
acid  in  nitric  acid  of  different  cone.,  when  compositions  are  expressed  in  grams  per 
100  grms.  of  soln.,  are,  at  25°, 

HN03  . 0 2-28  5-95  13-25  35-35  59-11  74-47  82-90  91-36 

Cr03  . 62-85  60-31  56-47  48-10  25-54  4-88  0-27  0-06  8-29 

there  is  a minimum  at  0-06  per  cent.  Cr03.  At  45°,  there  is  a minimum  with 
0-44  per  cent.  Cr03  : 

HN03  . 0 2-05  5-58  19-53  50-69  73-81  81-55  91-83  98-06 

CrOa  . 53-51  61-27  57-93  43-41  13-15  0-88  0-44  3-39  9-42 

The  minimum  solubility  occurs  with  nitric  acid  approximating  18iV-HN03,  or 
HN03.H20.  The  curves  are  simple  and  continuous.  The  sp.  gr.  of  the  mixed  soln. 
are  only  approximately  additive:  H.  Moissan  observed  that  phosphorus  reacts  ex- 
plosively with  molten  chromium  trioxide  ; and  A.  Oppenheim  found  that  an  aq. 
soln.  of  chromic  acid  at  200°  is  reduced  by  red  phosphorus  to  chromic  chromate. 
According  to  J.  Jacobson,  phosphorus  dissolves  in  a soln.  of  chromic  acid  to  form 
chromic  phosphate.  E.  Kopp  observed  that  a soln.  of  potassium  dichromate  when 
heated,  or  exposed  to  sunlight,  is  reduced  by  phosphorus.  Observations  on  this 
subject  were  made  by  A.  Stiassny,  and  J.  W.  Slater— vide  phosphorus.  According  to 

G.  Viard,  the  rate  of  the  reaction  between  chromic  acid  and  phosphorous  acid  can 
be  represented  by  dxldt=Jc(a—x)4 . The  initial  velocity  varies  according  to  a 1-4 
power  of  the  concentration.  S.  S.  Bhatnagar  and  co-workers  found  that  the 
reduction  with  phosphorous  acid  is  accelerated  by  a magnetic  field.  A.  D.  Mitchell 
represented  the  reaction  with  hypophosphorous  acid  (q.v.) : H3P02+Cr207,,=H3P03 
+ Cr206'';  followed  by  2H3P02+Cr206"d-8H'=2H3P03+2Cr"-f  4HzO.  Vide  infra, 
for  the  phosphochromates  formed  by  condensation  with  phosphoric  acid.  H.  Schifi 
represented  the  reaction  with  phosphorus  pentachloride  by  Cr03+PCl5=Cr02Cl2 
+POCl3,  and  by  a secondary  reaction,  chromic  chloride  is  formed.  P.  Walden 
showed  that  chromium  trioxide  is  virtually  insoluble  in  phosphoryl  chloride. 

H.  Moissan  found  that  arsenic  reacts  with  chromium  trioxide  with  incandescence, 
forming  arsenide.  According  to  C.  Reichard,  an  aq.  soln.  of  chromium  trioxide  is 
reduced  by  arsenic  trioxide  ; and  the  reaction  was  studied  by  R.  E.  de  Lury,  and 
W.  L.  Miller.  A.  Skrabal  showed  that  if  the  reaction  proceeds  slowly,  violet  chromic 
salt  is  formed,  and  if  rapidly,  a green  salt — vide  9.  51,  22,  for  the  arsenic  chromates 
formed  by  condensation  with  arsenic  acid. 

M.  Berthelot  5 found  that  when  heated  with  cone,  chromic  acid,  carbon  furnishes 
carbon  dioxide  and  oxalic  acid.  E.  B.  Alekseevsky  and  A.  P.  Musakin  studied 
adsorption  of  chromic  acid  by  charcoal.  J.  Hargreaves  and  T.  Robinson  noted  that 
alkali  chromates  are  reduced  to  chromic  oxide  by  carbon  monoxide,  and  an  alkali 
carbonate  is  formed.  B.  Neumann  and  C.  Exssner  studied  the  conversion  of  soln. 
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of  sodium  chromate  to  dichromate  by  carbon  dioxide  under  press.  H.  E.  Armstrong 
observed  that  with  carbon  disulphide  at  180°,  a little  carbonyl  sulphide  is 
formed ; and  R.  Bottger  observed  that  heated  chromium  trioxide  is  reduced  by 
carbon  disulphide.  I.  Guareschi  found  that  cyanogen  bromide  is  decomposed 
by  chromic  acid,  forming  bromine,  chromic  oxide,  carbon  dioxide,  and  ammonia. 
K.  Someya  studied  the  electrometric  titration  of  potassium  dichromate  and 
potassium  ferrocyanide.  E.  Ludwig  observed  that  methane  is  not  attacked 
by  chromium  trioxide;  while  ethylene  furnishes  carbon  dioxide,  water,  formic 
acid,  probably  acetic  acid,  and,  according  to  M.  Berthelot,  some  aldehyde. 
M.  Berthelot  also  observed  that  with  acetylene,  a cone.  soln.  of  chromic  acid 
gives  carbon  dioxide  and  formic  acid,  while  with  dil.  soln.  some  acetic  acid  is 
formed ; allylene  yields  propionic  and  acetic  acids,  etc.  ; and  propylene,  pro- 
pionic acid,  acetone,  etc.  R.  Fittig  found  that  the  side-chains  of  the  aromatic 
hydrocarbons  are  oxidized  to  CO. OH  groups  by  chromic  acid  or  a mixture  of 
sulphuric  acid  and  potassium  dichromate.  According  to  A.  Schafarik,  commercial 
benzene  inflames  in  contact  with  powdered  chromium  trioxide,  but  petroleum, 
rectified  over  sodium,  shows  scarcely  any  signs  of  action  after  sorpe  weeks’  contact 
with  chromium  trioxide  ; R.  Bottger  observed  that  the  heated  trioxide  is  reduced 
by  petroleum  or  turpentine.  A.  Gawalowsky  said  that  while  chromium  trioxide 
and  chromates  oxidize  alcohol  to  aldehyde,  a highly  purified  aq.  soln.  of  chromic 
acid  does  not  act  on  alcohol,  but  iff  does  so  if  a drop  of  sulphuric  acid  be  added. 
J.  M.  Eder  added  that  a soln.  of  ammonium  dichromate  in  absolute  alcohol  decom- 
poses more  rapidly  than  a soln.  in  50  per  cent,  alcohol.  The  reaction  is  favoured  by 
light.  E.  J.  Bowen  and  C.  W.  Bunn  studied  the  photochemical  oxidation  of  the 
alcohols — methyl,  ethyl,  n-propyl,  and  iso-propyl — by  dichromates.  H.  Wienhaus 
observed  that  chromic  esters  -can  be  obtained  by  shaking  a soln.  of  an  aromatic 
tertiary  alcohol  in  light  petroleum  or  carbon  tetrachloride  with  an  excess  of 
chromium  trioxide.  Aromatic  secondary  alcohols  were  decomposed  by  treatment 
with  chromic  acid  ; thymol  was  coloured  blue  ; and  eugenol  was  oxidized  without 
coloration.  S.  Takegami  observed  that  colloidal  chromic  chromate,  Cr(Cr04)3, 
is  formed  when  alcohol  is  added  to  a soln.  of  chromic  acid.  E.  Muller  and  co- 
workers also  studied  the  reaction.  B.  V.  Tronofi  and  co-workers  studied  the  velocity 
of  oxidation  of  alcohol ; and  D.  S.  Morton  examined  the  photochemistry  of  the 
reaction.  A.  Schafarik  said  that  chromium  tri oxide  is  soluble  in  dried  ether,  freed 
from  alcohol.  R.  M.  Isham  and  C.  E.  Yail  said  that  when  chromic  acid  is  added  to 
ether,  a violent  reaction  takes  place  with  evolution  of  acetaldehyde  vapour  and 
the  separation  of  green  chromic  oxide.  If  the  chromic  acid  is  introduced  into 
ether  previously  cooled  to  — 10°,  a yellow  soln.  is  first  produced,  but  oxidation 
begins  almost  immediately  with  the  same  results  as  those  obtained  at  the  ordinary 
temp.  B.  V.  Tronofi  studied  the  velocity  of  oxidation  of  ethers  and  esters. 
A.  Naumann  said  that  the  trioxide  is  soluble  in  acetone.  N.  R.  Dhar,  and  G.  Ulrich 
and  T.  Schmidt  studied  the  reducing  action  of  formic  acid  on  chromium  trioxide. 
C.  Wagner  observed  that  the  reaction  with  formic  acid  progresses  in  stages,  Cr03 
-7>Crv— >Crm  ; and  if  a manganous  salt  is  present  as  negative  catalyst,  Cr03 
->Crv->2CrII-fi Crm.  The  retarding  action  of  manganous  salts  on  the  oxidation 
of  formic  or  lactic  acid  by  chromic  oxide  is  ascribed  to  their  promoting  the  trans- 
formation of  the  quinquevalent  chromium  into  sexivalent  and  tervalent  chromium. 

A.  Pictet  found  that  glacial  acetic  acid  forms  acetochromic  acid,  H0.Cr02.C2H302 ; 
and  A.  Pictet  and  P.  Genequand  could  not  prepare  a similar  compound  with  formic 
acid  or  with  valeric  acid  because  of  their  reducing  action ; but  with  butyric  acid, 
butyiochromic  acid,  H0.Cr02.C4H702,  is  formed.  The  oxidation  of  oxalic  acid  by 
chromium  trioxide  was  observed  by  H.  Yohl,  W.  P.  Jorissen  and  L.  T.  Reicher, 

B.  K.  Mukerji  and  co-workers,  A.  K.  Bhattacharya  and  N.  R.  Dhar,  H.  Kunz- 
Krause  and  P.  Manicke,  N.  R.  Dhar,  and  M.  Prud’homme.  K.  Jablczynsky 
deduced  an  equation  for  the  reducing  action  of  oxalic  acid  on  the  assumption  that 
it  occurs  in  three  stages  ; CrVI->Crv  (i),  Crv->CrIV  (ii),  and  Crlv->Cr,n  (iii).  The 
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velocity  constants  are  respectively  Aq =0-0344,  &2  =0-1322,  and  A3=0-0238. 
N.  R.  Dhar  found  the  reaction  is  about  four  times  as  fast  in  tropical  sunlight  as  in 
darkness.  The  reaction  was  also  studied  by  A.  K.  Bhattacharya  and  N.  R.  Dhar. 
C.  Wagner  observed  that  if  a soln.  of  chromic  acid  is  added  to  a mixed  soln.  of 
potassium  iodide  and  sodium  hydrocarbonate,  no  free  iodine  is  formed,  but  a 
reacting  mixture  of  oxalic  and  chromic  acids  will  liberate  appreciable  amounts 
of  iodine  from  the  iodide.  It  is  therefore  to  be  concluded  that  some  active  inter- 
mediate product  is  formed  in  the  reaction  between  chromic  acid  and  oxalic  acid, 
and  the  same  is  true  for  the  reaction  between  chromic  acid  and  tartaric  acid.  This 
substance  is  so  unstable  that  it  can  scarcely  be  hydrogen  peroxide,  or  a compound, 
of  the  nature  of  percarbonic  acid,  and  attempts  to  detect  the  formation  of  these 
substances  have,  in  fact,  been  futile,  nor  is  there  any  evidence  in  favour  of  the 
existence  of  chromic  acid-oxalic  acid  complexes.  In  the  reaction  between  chromic 
acid  and  lactic  acid,  however,  the  intermediate  product  is  more  stable,  probably 
owing  to  the  formation  of  a complex  compound  with  the  lactic  acid.  Intermediate 
products  are  also  formed  in  the  oxidation  of  oxalic,  lactic,  tartaric,  and  thiocyanic 
acids  by  chromic  trioxide.  Chromium  trioxide  decomposes  tartaric  acid,  and 
citric  acid  as  observed  by  W.  P.  Jorissen  and  L.  T.  Reicher,  and  W.  G.  Vannoy 
A.  K.  Bhattacharya  and  N.  R.  Dhar  studied  the  photochemical  decomposition  of 
citric,  tartaric,  and  lactic  acids  by  chromic  acid.  H.  S.  Fry  found  chromium 
trioxide  to  be  soluble  in  acetic  anhydride  ; and  that  acetyl  chloride  dissolved  in 
carbon  tetrachloride  forms  chromyl  chloride ; acetyl  bromide  forms  chromyl 
bromide  ; but  acetyl  iodide  does  not  react.  A.  Naumann  observed  that  chromium 
trioxide  is  soluble  in  benzonitrile,  and  in  methyl  acetate  ; but  is  sparingly  soluble 
in  ethyl  acetate.  R.  Bottger  found  that  ethyl  acetate,  and  ethyl  nitrate  reduce 
hot  chromium  trioxide  to  chromic  oxide.  M.  Prud’homme  showed  that  the  oxida- 
tion of  indigo  is  greatly  accelerated  by  the  presence  of  oxalic  acid.  The  reducing 
action  of  paper  was  observed  by  A.  Maus  ; wool,  by  G.  Ulrich  and  T.  Schmidt ; 
sugar,  by  W.  P.  Jorissen  and  L.  T.  Reicher  ; vegetable  products,  by  J.  Jacobson; 
gelatin,  by  E.  P.  Wightman  and  S.  E.  Sheppard ; and  animal  fibres,  by  M.  A.  Uinsky 
and  D.  I.  Kodner.  E.  Goldberg  found  that  the  velocity  of  the  reaction  with  quinine 
in  light  is  proportional  to  the  intensity  of  light ; only  those  rays  are  active  which 
are  absorbed  ; Beer’s  law  holds  good  ; and  the  temp,  coeff.  of  the  reaction  is  small. 
R.  Luther  and  G.  S.  Forbes  showed  that  the  quinine  is  alone  sensitive  to  the  light 
so  that  the  first  stage  of  the  reaction  is  the  formation  of  sensitized  quinine  with  a 
velocity  proportional  to  the  light  absorption  ; and  the  second  stage  is  a reaction 
with  the  sensitized  quinine  with  a velocity  which  is  proportional  to  the  cone,  of 
the  chromic  and  sulphuric  acids.  The  reaction  was  studied  by  D.  S.  Morton. 
A.  K.  Bhattacharya  and  N.  R.  Dhar,  and  B.  K.  Mukerji  and  co-workers  studied 
the  reaction  with  quinine  sulphate.  L.  Cohn,  and  A.  Windhaus  indicated  the  use 
of  chromium  trioxide  in  the  oxidation  of  organic  compounds  in  the  laboratory, 
and  A.  N.  Dey  and  N.  R.  Dhar  studied  the  kinetics  of  the  oxidation  of  organic  acids 
by  chromic  acid.  Chromic  acid  and  soluble  chromates  give  precipitates  with  basic 
dyes,  but  not  so  with  the  insoluble  chromates. 

According  to  P.  Lebeau,6  silicon  is  not  attacked  by  chromium  trioxide. 
R.  Bunsen  said  that  chromates  heated' before  the  blowpipe  flame  impart  a green 
colour  to  beads  from  borax,  or  microcosmic  salt ; and  L.  Moser  and  W.  Eidmann, 
that  boron  nitride  reduces  the  trioxide  to  a lower  oxide.  L.  F.  Gilbert  studied  the 
system  Cr03-B203-H20  at  25°  and  45°.  For  the  solubility  of  boric  acid  and 


chromic 

acid  in  grams  per 

100  grms. 

of  soln.,  and  the  sp. 

gr.,  he 

found : 

CrOj  . 

62-40 

59-90 

43-80 

33-05 

18-07 

0-42 

4-90 

25° 

b203  . 

010 

0-16 

0-65 

1-02 

1-58 

2-28 

2-79 

Sp.  gr.  . 

1-699 

1-657 

1-420 

1-296 

1-156 

1-086 

1-052 

CrOj  .. 

61-66 

58-10 

57-50 

57-34 

53-80 

25-60 

2-40 

45° 

B,0,  . 

0-90 

0-92 

0-87 

0-12 

0-85 

2-33 

4-76 

Sp.  gr.  . 

1-674 

1-612 

1-603 

1-603 

1-528 

1-219 

1-038 
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J.  L.  Gay  Lussac  and  L.  J.  Thenard  observed  that  sodium  or  potassium  reacts  with 
chromium  trioxide  with  incandescence.  R.  G.  van  Name  and  D.  U.  Hill  found 
that  the  values  for  the  monomolecular  velocity  constant  k,  in  dx/dt—k(a—x), 
when  copper  dissolves  in  0-015  molar  soln.  of  chromium  trioxide  with  0-05, 
0-25,  1-25,  and  5-0  molar  proportions  of  sulphuric  acid,  were,  respectively,  5-58, 
6-95,  5-34,  and  2-072  ; silver  and  the  0-015  molar  chromium  trioxide  with  0-25, 
and  5-0  molar  H2S04,  gave  the  constants  4-31,  and  1-23  respectively.  The 
initial  velocity  of  the  dissolution  of  silver  in  chromic  acid  is  greater  than  that 
which  characterizes  the  normal  process  of  dissolution.  This  indicates  that  the 
velocity  depends  on  the  physical  state  of  the  metal,  and  is  not  entirely  deter- 
mined by  the  process  of  diffusion.  The  reduction  of  chromic  acid  by  copper 
was  discussed  by  V.  H.  Veley,7  E.  Murmann,  and  F.  Fischer.  According  to 
R.  G.  van  Name  and  D.  U.  Hill,  in  the  action  of  0-015M-Cr03  and  5-0M-H2SO4 
on  tin,  the  velocity  constant  was  2-74 ; with  nickel,  2-67 ; while  with  cad- 
mium and  0-015M-CrO3  and  0-25,  1-25,  and  5-0M-H2SO4,  the  velocity  con- 
stants were,  respectively,  7-02,  5-32,  and  2-67 ; and  with  iron  and  0-015M-Cr03 
with  0-25  and  5-0iH-H2SO4,  the  velocity  constants  were,  respectively,  11-68,  and 
4-20.  H.  Moissan  found  that  zinc  reduces  chromium  trioxide  and  chromates  to 
chromic  oxide  or  salts  ; iron  also  reacts  with  the  evolution  of  much  heat.  E.  Heyn 
and  0.  Bauer  observed  that  iron  dissolves  in  dil.  chromic  acid,  and  iron  treated  with 
a certain  cone,  of  the  chromic  acid,  may  be  partially  protected  from  rusting. 
R.  G.  van  Name  and  D.  U.  Hill  studied  the  rate  of  dissolution  of  copper,  silver, 
cadmium,  tin,  and  nickel  in  chromic  acid.  J.  F.  John  found  that  manganese  dis- 
solves in  chromic  acid.  J.  Jacobson  observed  that  mercury  reduces  an  aq.  soln. 
of  chromium  trioxide  ; and  also  soln.  of  chromates  and  dichromates.  A.  Charriou 
studied  the  adsorption  of  chromic  acid  by  aluminium  hydroxide.  According  to 
A.  Scheurer-Kestner,  stannous  chloride  is  oxidized  by  chromium  trioxide  : 6SnCl2 
+4Cr03=3SnCl4-f3Sn02-f-2Cr203  ; F.  Penny  found  that  dichromates  are  also 
reduced  by  stannous  chloride.  M.  Neidle  and  J.  C.  Witt  found  that  the  stoichio- 
metric relations  in  the  reaction  between  stannous  chloride  and  potassium  dichromate 
are  the  same  in  the  absence  of  acid  as  in  its  presence  ; when  potassium  dichromate 
is  added  in  the  theoretical  quantity  to  a soln.  of  stannous  chloride  in  the  absence 
of  acid,  brownish-  and  greenish-blue,  gelatinous  masses  are  formed,  which  dissolve 
and  form  a clear,  deep  olive-green  soln.  when  the  whole  of  the  dichromate  has  been 
added.  These  soln.  appear  red  by  transmitted  light.  Dialysis,  and  extraction 
with  alcohol,  showed  that  the  soln.  consists  of  potassium  and  chromium  chlorides, 
together  with  colloidal  soln.  of  hydrated  stannic  and  chromic  hydroxides.  On 
dialysis  a clear  sol,  of  the  approximate  composition  6Sn02  : lCr203,  is  obtained, 
and  this  sol  contains  the  whole  of  the  tin  and  about  one-half  of  the  chromium  used 
in  the  reaction.  The  course  of  the  reaction  is  given  by  the  equation  : 2K2Cr207 
+ 6SnCl4+(6x+?/+l)H20  ^ 4KC1  + 6Sn02.xH20  +.Cr203.yH20  + 2CrCls  + 2HC1. 
R.  Kraus  studied  the  action  of  soln.  of  uranous  salts  and  molybdous  salts  on 
chromium  trioxide  soln. ; and  K.  Someya,  soln.  of  titanous  salts.  A.  Geuther 
represented  the  reaction  with  anhydrous  ferric  chloride  by:  2FeCl3+3Cr03=Fe203 
+3Cr02Cl2.  S.  Orlowsky  found  that,  in  alkaline  soln.,  potassium  dichromate 
oxidizes  manganous  salts  to  manganic  : K2Cr2O7+6MnSO4+10NH4OH-f  7H20 
=2Cr(OH)3-|-6Mn(OH)3-f  K2S04+5(NH4)2S04,  and  the  more  cone,  the  alkali, 
the  smaller  the  oxidation  produced.  The  reaction  was  studied  by  R.  Lang  and 
co-workers.  For  the  action  on  permanganates,  vide  permanganates.  Chromium 
trioxide  is  reduced  by  ferrous  salts.  M.  Neidle  and  J.  C.  Witt  found  that  the 
stoichiometric  relations  in  the  reaction  between  potassium  dichromate  and  ferrous 
sulphate  are  the  same  in  the  presence  or  absence  of  acid.  In  the  absence  of  acid 
the  reaction  is  instantaneous,  except  in  very  dil.  soln.  The  reaction  may  be 
expressed  by  the  equation : 3K2Cr207-fl8FeS04-f-(aJ+6y)H20=3K2S04 

+Cr203.xH20-f-2Cr2(S04)3+ 3Fe2(S04)3+6(Fe203.yH20).  The  colloidal  chromic 
and  ferric  oxides  are  precipitated  by  the  sulphate  ion  in  the  soln.'  and  adsorb  a 
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large  quantity  of  ferric  sulphate  and  smaller  quantities  of  the  other  two  sulphate^. 
The  electrometric  titration  of  ferrous  salts  with  potassium  dichromate  was  studied 
by  R.  G.  van  Name  and  F.  Fenwick,  and  E.  Muller  and  H.  Kogert.  C.  Rube 
observed  that  potassium  ferrocyanide  is  converted  into  ferricyanide. 

F.  Penny,  H.  Schwarz,  and  J.  Schabus  found  that  a soln.  of  ferrous  sulphate  gives 
a yellowish-brown  precipitate  with  chromates  or  dichromates,  which  ultimately  dis- 
solves and  a green  soln.  of  a chromic  salt  remains.  C.  C.  Benson  observed  that  the 
rate  of  oxidation  of  ferrous  sulphate  is  proportional  to  the  second  power  of  the  cone, 
of  ferrous  salt  and  of  acid  ; and  approximately  proportional  to  the  1-7  power  of  the 
cone,  of  the  potassium  dichromate.  The  presence  of  ferric  salts  retards  the  reaction. 
In  the  presence  of  iodide,  the  rate  of  oxidation  of  the  ferrous  salt  is  proportional 
to  the  cone,  of  the  dichromate  and  ferrous  sulphate^  and  to  the  third  or  fourth 
power  of  the  cone,  of  the  acid.  Increasing  the  cone,  of  iodide  causes  at  first  a 
decrease  and  later  an  increase  of  the  rate.  The  results  are  not  in  accord  with  the 
peroxide  theory  of  W.  Manchot,  which  assumes  the  primary  product  of  oxidation 
of  the  ferrous  sulphate  to  be  a peroxide,  which  then  reacts  with  the  iodide  and  the 
remaining  ferrous  salt ; but  they  agree  with  the  assumption  that  the  iodide  takes 
part  in  the  reaction,  and  the  two  reactions  are  suggested  as  occurring  together 
(i)  between  Cr207",  Fel',  I',  and  4H‘,  and  (ii)  between  Cr207",  2Fe",  and  2H‘. 
The  reaction  was  discussed  by  W.  L.  Miller,  and  R.  A.  Gortner.  The  reaction 
between  chromic  acid  and  hydriodic  acid  in  dil.  soln.  has  been  studied  by  N.  Schiloff, 
R.  Luther  and  N.  Schiloff,  and  R.  Luther  and  T.  F.  Rutter  in  the  presence  of 
hydriodic  acid  as  acceptor,  and  vanadium  salts  as  inductors.  Bi-,  ter-,  and  quadri- 
valent salts  of  vanadium  are  ultimately  oxidized  to  quinquevalent  vanadium. 
The  inductor  factor  is  2,  meaning  that  for  one  eq.  of  vanadium  oxidized,  two  eq. 
of  iodine  are  set  free.  Vanadic  acid  does  not  effect  the  rate  of  oxidation  of  hydriodic 
acid  by  chromic  acid,  and  only  acts  comparatively  slowly  on  hydriodic  acid,  so 
that  the  process  is  not  greatly  complicated  by  side  reactions.  With  uranous  sul- 
phate as  inductor,  and  a large  excess  of  potassium  iodide,  the  induction  factor  is 
0-74.  While  W.  Manchot  supposed  that  the  inductor  is  oxidized  by  chromic  acid 
to  a peroxide,  R.  Luther  and  T.  F.  Rutter  assumed  that  the  inductor  reduces 
chromic  acid  to  quinquevalent  chromium,  which  is  a more  rapid  oxidizing  agent 
than  the  acid  itself.  Whereas  W.  Manchot’s  theory  requires  the  formation  of 
intermediate  peroxides  of  very  diverse  formulae,  the  assumption  of  the  intermediate 
formation  of  quinquevalent  chromium  alone  accounts  for  nearly  all  the  reactions 
so  far  investigated.  It  is  suggested  that  the  reduction  of  chromic  acid  proceeds  in 
the  following  stages  CrVI— >CrY->CrIV— >CrnI,  and  that  chromic  acid  contains 
sexivalent  and  not  quadrivalent  chromium  as  W.  Manchot  has  suggested. 
N.  R.  Dhar  studied  some  induced  reactions,  e.g.  the  action  of  chromic  acid  on  the 
reduction  of  mercuric  chloride  by  oxalic  acid. 
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§ 15.  The  Chromates.  Monochromates 

The  normal  chromates  are  to  be  regarded  as  salts  of  the  dibasic  chromic  acid, 
or  rather  metachromic  acid,  H2Cr04  ; it  is  possible  that  the  hypothetical  para- 
chromic  acid,  H4Cr05,  is  represented  by  some  of  the  basic  salts— Pb0.PbCr04 ; 
and  the  hypothetical  orthochromic  acid,  HCr6Oc,  represented  by  other  basic  salts — 
e.g.  2i,b0.PbCr04. 
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L.  N.  Vauquelin,1  J.  B.  Richter,  and  H.  Moser  obtained  what  was  regarded  as 
ammonium  chromate,  (NH4)2Cr04,  by  evaporating  an  aq.  soln.  of  chromic  acid 
mixed  with  an  excess  of  ammonia.  J.  J.  Pohl  said  that  with  the  ammonia  in  large 
excess,  yellow  crystals  of  ammonium  oxychromate,  (NH4)20.4(NH4)2Cr04,  are  formed ; 
which,  according  to  J.  Schabus,  are  monoclinic  prisms  with  the  axial  ratio  a :b  : c 
=0*7458  : 1 : 0*4955,  and  j8=106°  15'.  C.  F.  Rammelsberg  doubted  whether  this 
compound  really  exists ; J.  J.  Pohl’s  analysis  was  imperfect — only  the  chromium 
was  determined.  E.  Jager  and  G.  Kriiss  showed  that  when  an  aq.  soln.  of  chromic 
acid  is  evaporated  with  ammonia,  the  salt  is  partially  decomposed  with  evolution 
of  ammonia,  and  a mixture  of  chromate  and  dichromate  is  always  obtained  ; even 
when  the  soln.  is  evaporated  at  50°  to  60°,  reddish-yellow  crystals  containing  59*19 
per  cent,  of  chromic  oxide  are  obtained,  and  at  ordinary  temp.,  also,  a mixture  of 
the  two  salts  is  produced.  According  to  Y.  T.  Gerasimoff,  the  salt  cannot  be 
conveniently  prepared  by  double  decomposition, 
but  it  can  be  made  by  neutralizing  chromic  acid 
with  ammonia.  Ammonium  chromate  can  be 
prepared  by  treating  chromic  acid,  free  from 
sulphuric  acid,  with  aq.  ammonia  of  sp.  gr.  0*9, 
adding  ammonia  and  warming  gently  until  the 
solid  salt  which  separates  is  redissolved,  and  then 
e soln.  in  a freezing  mixture.  It 
in  long,  golden  needles.  E.  Maumene 
cone.  soln.  of  chromic  acid  or  potassium 
dichromate  neutralized  by  ammonia,  deposits 
ammonium  chromate  in  yellow,  crystalline  tufts, 
which  resemble  those  of  the  potassium  salt,  but 
soon  lose  ammonia,  and  change  into  the  di- 
chromate.  The  salt  is  best  crystallized  by  evaporating  the  slightly  ammoniacal 
soln.  over  quicklime,  and  should  be  kept  in  sealed  vessels.  H.  Hirzel  obtained 
ammonium  chromate  by  gradually  adding  chromyl  chloride  to  an  excess  of  aq. 
ammonia,  and  evaporating  the  soln.  below  60°.  The  first  crop  of  crystals  is 
ammonium  chromate  ; and  the  next  crop,  ammonium  chloride.  The  salt  was 
purified  by  recrystallization.  Analyses  by  E.  Kopp,  S.  Darby,  and  E.  Jager  and 

G.  Kriiss  agreed  with  the  formula  (NH4)2Cr04.  E.  Maumene,  L.  N.  Vauquelin, 

H.  Moser,  and  E.  Jager  and  G.  Kriiss  showed  that  when  the  aq.  soln.  of  the  salt 
is  repeatedly  evaporated,  it  is  first  converted  into  the  dichromate,  and  then  into 
a brown  oxide.  E.  Jager  and  G.  Kriiss  could  not  prepare  any  basic  salt  like  that 
reported  by  J.  J.  Pohl ; nor  did  F.  A.  H.  Schreincmakers  observe  the  formation 
of  any  basic  salt  during  his  study  of  the  ternary  system  : Cr03-NH3-H20,  at  30°. 
The  following  is  a selection  from  the  solubility  data  for  sat.  soln. — concentrations 
are  expressed  in  percentages  : 


placing  th 
crystallizes 
said  that  a 


Fig.  29. — Equilibrium  Diagram 
for  the  Ternary  System  : 
Cr08-NH3-H20  at  30°. 
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The  results  are  shown  respectively  in  Fig.  29.  The  region  above  the  line  abedef 
refers  to  unsaturated  soln.  ; ah  represents  soln.  in  equilibrium  with  solid  chromium 
trioxide ; be,  with  solid  ammonium  tetrachromate  ; cd,  with  solid  trichromate  ; 
de,  with  solid  dichromate  ; and  ef,  with  solid  monochromate.  Ammonia  was  here 
selected  as  one  of  the  components  because  (NH4)20  is  not  stable. 

According  to  E.  Jager  and  G.  Kriiss,  the  golden-yellow  needles  are  monoclinic 
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prisms  with  the  axial  ratios  a : b : c= 1-9603  : 1 : 2-4452,  and  /3=64°  47'.  E.  Her- 
linger  studied  the  structure  of  the  crystals.  J.  W.  Retgers  said  that  ammonium 
chromate  is  not  isomorphous  with  the  potassium  chromate  family.  The  other 
measurements  6f  G.  N.  Wyrouboff  made  it  appear  as  if  the  salt  is  dimorphous,  like 
potassium  chromate  ; but  more  data  are  required  to  confirm  these  results  ; however, 
he  found  that  ammonium  chromate  forms  an  isomorphous  series  of  solid  soln.  with 
anhydrous,  rhombic  sodium  sulphate,  and  another  series  with  anhydrous,  monoclinic 
sodium  sulphate.  There  is  a gap  between  the  two  series,  and  hence,  the  salt  exhibits 
what  has  been  called  a labile  dimorphism.  T.  Ishikawa  studied  the  system  : 
(NH4)2CV04-(NH4)2S04-K2S04-K2Cr04.  S.  Araki  found  that  the  solubility  curve 
in  the  system  : (NH4)2Cr04-(NH4)2S04-H20  at  25°  has  two  branches  with  two 
series  of  solid  soln.  No  solid  soln.  occur  with  ammonium  sulphate  between  2-90 

and  21-50  molar  per  cent. — BC,  Fig.  30.  He  also 
studied  the  system : (NH4)2Cr04-K2Cr04-H20. 

H.  ‘G.  C.  Schroder  gave  1-866  for  the  sp.  gr.  of 
ammonium  monochromate  ; F.  W.  Clarke,  1-917  at 
12°  ; and  E.  Jager  and  G.  Kriiss,  1-886,  at  11°. 
K.  F.  Slotte  found  the  sp.  gr.  • of  aq.  soln.  with 
10-52,  19-75,  and  28-04  per  cent,  of  (NH4)2Cr04  to 
be  respectively  1-0633  at  13°,  1-1197  at  13-7°, 
and  1-1727  at  19-6° ; and  the  viscosity  (water 
100)  respectively  108-3,  120-3,  and  137-9  at  10°  ; 
85-2,  95-5,  and  110-1  at  20°  ; and  57-8,  66-1,  and 
76-9  at  40°.  The  sp.  ht.  of  aq.  soln.  of  a mol  of 
ammonium  chromate  with  n mols  of  water  was 
found  by  J.  C.  G.  de  Marignac  to  be  0-7967  for 
»= 25;  0-8767  for  w=50;  0-9304  for  n=100; 
and  0-9630  for  w=200.  The  subject  was  discussed 
by  N.  de  Kolossowsky.  F.  Morges  gave  for  the  heat  of  neutralization : 
(H2Cr04aq.,2NH40HAq.)=22-2  Cals,  at  12° ; and  M.  Berthelot,  24-42  Cals,  at 
19-5°.  F.  Morges  also  gave  (NH4)2Cr207aq.,2NH4OHaq)=20-4  Cals,  at  12°. 
P.  Sabatier  found  —5-8  Cals,  for  the  heat  of  soln.  of  a mol  of  ammonium 
chromate  in  200  parts  of  water  at  18°.  The  spectroscopic  observations  of 
D.  Brewster,  and  J.  H.  Gladstone  have  been  previously  discussed.  M.  G.  Mellon 
studied  the  colour  of  soln.  of  different  concentration.  I.  Plotnikoff  and  M.  Kar- 
shulin  measured  the  absorption  spectrum  and  the  region  of  photochemical 
sensitivity  for  collodion  films  with  methyl  alcohol  as  acceptor.  M.  S.  Sherrill  found 
the  eq.  conductivity,  A mho,  corrected  for  hydrolysis,  for  m grm. -equivalents  of 
the  salt  per  litre  at  18°,  to  be  . 


Fio.  30. — Solubility  of  Binary 
Mixtures : 

(NH4)aCr04-(NH4)2S04  at  25°. 
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and  C.  Watkins  and  H.  C.  Jones  gave  for  the  molar  conductivity,  fi  mho,  of  a mol 
of  salt  in  v litres, 
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The  calculated  percentage  ionizations  at  0°  and  35°  are 
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M.  S.  Sherrill  calculated  the  hydrolysis  of  a 0-05  molar  soln.  at  18°  to  be  2-7  per  cent. 
According  to  A.  Naumann  and  O.  Rucker,  a not  very  exact  distillation  process 
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showed  that  the  hydrolysis  expressed  in  percentages  of  the  ammonia  content,  for 
soln.  containing  m gram-equivalents  of  salt  per  litre,  was : 

m 1-6  0-4  0 1 0025  00025 

Hydrolysis  . 31-0  32*6  36-8  420  490 

E.  Jager  and  6.  Kriiss  said  that  ammonium  chromate  is  not  particularly  stable 
in  the  dry  state,  and  on  exposure  to  air,  it  gradually  turns  reddish-yellow  owing 
to  the  formation  of  the  dichromate  ; it  also  decomposes  in  a dry  atm.,  or  when 
gently  heated.  A.  Maus  observed  that  decomposition  occurs  with  glowing,  when 
heated,  and  the  green  chromic  oxide  which  remains  is  readily  soluble  in  acids. 
W.  C.  Ball  observed  that  when  heated,  it  decomposes  like  the  dichromate  (q.v.). 
According  to  E.  Maumene,  ammonium  chromate  yields  a brown  oxide,  Cr02,  when 
heated  at  204°,  identical  with  the  oxide  which  was  described  by  L.  N.  Vauquelin  as 
precipitated  on  heating  the  aq.  soln.,  although  in  all  probability  it  is  formed  only 
on  the  superheated  sides  of  the  vessel.  When  the  temp,  is  raised  to  220°  or  225°, 
explosive  decomposition  occurs,  and  the  oxide  CrO  is  formed,  which,  however, 
takes  fire  at  once,  and  bums  to  the  green  oxide  Cr203  ; it  is  probable  that  the 
compound  N^H^CrC^  is  formed  as  an  intermediate  product.  F.  A.  H.  Schreine- 
makers  found  that  40-46  grins,  of  the  salt  dissolve  in  100  grms.  of  water  at  30° — 
vide  supra.  In  consequence  of  hydrolysis,  the  soln.,  as  noticed  by  L.  N.  Vauquelin, 
H.  Moser,  and  E.  Jager  and  G.  Kriiss,  reacts  alkaline,  and  gradually  loses  ammonia. 
Consequently,  as  pointed  out  by  E.  Maumene,  it  should  be  crystallized  from  aq. 
soln.  in  an  atm.  of  ammonia.  M.  Groger  observed  that  the  aq.  soln.  containing 
the  molar  proportions  2NH3  : Cr03  is  orange  coloured,  not  yellow.  He  therefore 
assumed  that  the  soln.  contains  a large  proportion  of  dichromate  : 2(NH4)2Cr04 
^2NH3-|-H20-)-(NH4)2Cr207.  C.  Paal  and  G.  Briinjes  found  that  in  the  presence 
of  colloidal  palladium,  a soln.  of  ammonium  chromate  is  reduced  by  hydrogen. 
W.  Muller  found  that  the  vapour  of  carbon  disulphide  converts  it  into  chromium 
sulphide  and  oxide.  H.  Stamm  measured  the  solubility  of  the  salt  in  aq.  ammonia 
and  found  that  soln.  with  0, 1-818,  and  3-436  mols  of  NH3  per  100  grms.  of  water 
dissolve,  respectively,  0-200,  0-066,  and  0-043  mol  of  (NH4)2Cr04.  E.  C.  Franklin 
found  that  the  salt  is  sparingly  soluble  in  liquid  ammonia  ; and  A.  Naumann, 
sparingly  soluble  in  acetone. 

G.  C.  Gmelin,2  C.  F.  Rammelsberg,  and  L.  Schulerud  prepared  lithium  chromate, 
Li2Cr04.2H20,  by  evaporating  an  -aq.  soln.  of  lithium  carbonate  in  chromic  acid. 
J.  W.  Retgers  said  that  if  the  soln.  be  evaporated 
at  this  temp.,  or  if  the  salt  be  heated  to  150°,  the 
anhydrous  salt  is  formed,  and  it  consists  of  needle- 
like crystals  probably  isomorphous  with  anhydrous 
lithium  sulphate.  F.  Mylius  and  R.  Funk  said 
that  a soln.  of  the  salt  sat.  at  18°  contains  52-6 
grms.  of  Li2Cr04  per  100  grms.  of  water ; W.  Kohl- 
rausch  said  that  100  c.c.  of  soln.  at  18°  contain 
85  grms.  Li2Cr04  ; P.  P.  von  Weimarn,  100  grms. 
of  water  at  20°  dissolve  111  grms.  of  salt,  and 
F.  A.  H.  Schreinemakers  said  99-94  grms.  at  30°. 

The  salt  deposited  from  its  aq.  soln.  is  the  di- 
hydrate, Li2Cr04.2H20,  as  proved  by  the  analyses 
of  C.  F.  Rammelsberg,  and  L.  Schulerud. 

F.  A.  H.  Schreinemakers  observed  that  the  ternary  system:  Li20-Cr03-H20,  at 
30°,  contains  the  following  percentage  proportions  of  lithium  oxide  and  chromium 
trioxide : 

Cr03  . — 22-51  37-50  38-55  43-40  49-60  67-73  63-26  62-28 

Li20  . 7-09  9-88  16-34  11-44  11-81  7-33  5-69  2 14  — 

' V A » " * * ' 

Solids  LiOH.H20  Li2Cr04.2H20  Li»Cr207.2H20  Cr03 

The  results  are  summarized  in  Fig.  31  ; the  curve  ab  refers  to  soln.  in  equilibrium 


Fig.  31. — Equilibrium  Diagram 
for  the  Ternary  System  : 
Li20-CrOs  -H20  at  30°. 
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with  solid  chromium  trioxide  ; be,  with  solid  Li2Cr207.2H20  ; cd,  with  solid 
Li2Cr04.2H20  ; and  de,  with  solid  Li0H.H20.  G.  C.  Gmelin  said  that  lithium 
chromate  furnishes  orange-yellow,  rhombic  prisms,  or  dendritic  masses,  which, 
according  to  C.  F.  Rammelsberg,  have  the  axial  ratios  a : b : c=0-662  : 1 : 0-466. 
F.  Mylius  and  J.  von  Wrochem  found  that  the  soln.  sat.  at  18°,  has  a sp.  gr.  1-574  ; 
A.  Heydweiller  gave  for  the  sp.  gr.  of  gram-equivalent  soln.  at  18°/18°, 

0-0815V-  0"  1629V-  0-4115V-  0’823 N-  2‘057 V-  4115JV- 

Sp.  gr.  . . 1 00458  1-00902  1-02052  1-04437  1-10746  1-20659 

C.  F.  Rammelsberg  said  that  the  salt  is  deliquescent,  but  when  confined  over  cone, 
sulphuric  acid,  it  effloresces  ; and,  added  L.  Schulerud,  it  loses  its  water  of  crystal- 
lization at  130°,  and  melts  at  a higher  temp.  P.  P.  von  Weimarn  added  that  when 
the  molten  mass  is  rapidly  cooled,  it  furnishes  a transparent  glass.  G.  Tammann 
found  that  4-63,  20-23,  41-93,  and  59-09  grms.  of  lithium  chromate  in  100  grms.  of 
water  lower  the  vap.  press,  respectively  11-5,  53-6,  131-2,  and  205-2  mm.  A.  Heyd- 
weiller found  the  indices  of  refraction  of  0-1,  0-5,  1-0,  and  4-0iV-Li2CrO4  are 
respectively  1-33529,  1-34307,  1-35251,  and  1-40612  for  the  D-line  at  18°  ; and  the 
eq.  electrical  conductivities,  A mhos,  of  0-0815,  0-4115,  and  4-1152V-soln.  are  respec- 
tively A=76-02,  59-67,  and  22-73  at  18°.  C.  Watkins  and  H.  C.  Jones  gave  for 
molar  conductivity,  /i  mhos,  for  a mol  of  salt  in  v litres  of  water, 


v 

8 

16 

32 

128 

512 

1024 

2048 

1 °°  • 

80 

88 

96 

108 

113 

115 

122 

u 15°  • 

. 120 

132 

146 

165 

175 

177 

179 

^ 25°  . 

. 149 

164 

181 

206 

129 

220 

223 

' 35°  . 

. 180 

200 

219 

252 

265 

267 

268 

The  percentage  ionizations  at  0° 

and  35°  are  : 

V 

8 

16 

32 

128 

512 

1024 

2048 

0° 

. 65-4 

72-4 

78-7 

89-0 

93-2 

94-7 

100-0 

35°  . 

. 67-2 

74-5 

81-7 

94-0 

99-0 

99-5 

100-0 

H.  Traube  said  that  complex  lithium  potassium  sulphatochromate,  Li2Cr04.K2S04, 
furnishes  hexagonal  crystals.  C.  F.  Rammelsberg  prepared  what  he  regarded  as 
ammonium  lithium  chromate,  (NH4)LiCr04.2H20,  in  non-deliquescent  crystals 
from  a soln.  of  the  component  salts. 

Methods  indicated  in  connection  with  the  extraction  of  chromium  from  chromite 
can  be  made  to  yield  sodium  chromate,  Na2Cr04.  H.  Moser  3 obtained  it  by  fusing 
chromite  with  sodium  hydroxide  and  nitrate,  and  crystallizing  from  an  aq.  soln. 
of  the  cold  cake  ; and  H.  Kopp,  by  fusing  chromic  oxide  with  sodium  nitrate,  etc. 
J.  d’Ans  and  J.  Loffler  obtained  the  chromate  amongst  the  products  of  the  action  of 
chromic  oxide  on  sodium  hydroxide.  M.  R.  Nayer  and  co-workers  found  that 
sodium  carbonate  and  chromic  oxide  readily  interact  to  form  chromate  at  temp, 
below  660°  ; the  salt  melts  at  800°  and  remains  undecomposed  after  prolonged 
heating  at  1000°.  Ferric  oxide  and,  to  a greater  extent,  calcium  oxide,  accelerate 
the  formation  of  chromate  in  mixtures  of  sodium  carbonate  and  chromic  oxide 
by  preventing  the  mass  from  fusing  and  thus  allowing  better  access  of  air.  H.  Moser 
obtained  sodium  chromate  by  neutralizing  a soln.  of  chromic  acid  with  sodium  car- 
bonate ; and  S.  W.  Johnson,  by  saturating  a soln.  of  potassium  dichromate  with 
sodium  carbonate  and  crystallizing  the  liquid.  The  salt  can  be  so  obtained  free 
from  potassium  salts.  M.  de  K.  Thompson  and  co-workers,  and  A.  J.  B.  Jouve  and 
A.  Helbronner  obtained  sodium  chromate  by  electrolyzing  sodium  hydroxide  soln. 
with  ferrochromium  anodes.  If  the  aq.  soln.  be  evaporated  above  30°,  H.  Kopp, 
and  J.  W.  Retgers  said  that  the  anhydrous  salt  is  obtained ; H.  Traube  gave  6l)° 
to  70°.  Actually,  the  transition  temp,  is  near  68°,  Fig.  33.  T.  W.  Richards  and 
G.  L.  Kelley  gave  62-8°.  H.  Traube  added  that  the  dihydrate,  Na2Cr04.2H20, 
reported  by  G.  N.  Wyrouboff,  is  the  imperfectly-dried,  anhydrous  salt. 

J.  W.  Retgers  said  that  the  anhydrous  sodium  chromate  forms  yellow,  columnar 
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crystals,  probably  rhombic,  and  not  isomorphous  with  sodium  sulphate  ; H.  Traube 
said  that  the  two  salts  are  isomorphous ; and  gave  for  the  rhombic,  bipyramidal 
crystals  the  axial  ratios  a : b : c=0-4643  : 1 : 0-7991.  The  (OlO)-cleavage  is  perfect. 
J.  Traube  and  W.  von  Behren  studied  the 
crystallization  of  the  salt.  E.  Flach  showed  that 
sodium  chromate  and  sulphate  are  completely 
miscible  and  isomorphous.  The  effect  of  the 
sulphate  on  the  transition  points  of  the  chromate 
is  illustrated  by  Fig.  32.  C.  Leenhardt  studied 
the  speed  of  crystallization  of  the  hydrates. 

The  existence  of  three  hydrates  has  been 
established.  F..W.  Clarke  gave  2-710  to  2-736 
for  the  sp.  gr.  ; and  I.  Traube  added  that  the 
drop  weight  of  the  salt,  at  its  m.p.,  is  328-2. 

The  tetrahydrate,  Na2Cr04.4H20,  was  prepared 
by  D.  Gernez  by  evaporating  a supersaturated 
soln.  of  the  decahydrate,  or  by  contact  of  the 
soln.  with  the  anhydrous  salt.  H.  Traube  ob- 
tained it  from  a cone  soln.  at  50° ; and 
G.  N.  Wyrouboff,  at  25°  to  29°.  J.  Zehenter  Fia. 
neutralized  a soln.  of  potassium  dichromate  with 
sodium  carbonate,  and  crystallized  the  mother- 
liquor  after  the  separation  of  the  3K2Cr04. 

Na2Cr04.  The  sulphur-yellow,  acicular  crystals  were  found  by  H.  Traube  to  be 
monoclinic  prisms  with  the  axial  ratios  a :b : c=l'1112  : 1 : 1-0624.  E.  Herlinger 
studied  the  structure  of  the  crystals.  T.  W.  Richards  and  W.  B.  Meldrum 
observed  the  formation  of  isomorphous  mixtures  of  Na2S04.4H20  and 
Na2Cr04.4H20.  L.  Delhaye  measured  the  optical  properties  of  the  monoclinic 
crystals  of  the  tetrahydrate  prepared  by  allowing  a soln.  of  sodium  chromate, 
sat.  at  50°,  to  cool  to  about  27°,  filtering,  and  keeping  for  several  days  with 
occasional  shaking.  He  gave  for  the  optic  axial  angle  2F =30°  50'  for  A=462/x/x ; 


900 


800 ‘ 


700 


600 


500 


400 


300 


200 


a£ 

° 

~ 

:-s 

olit 

1 6 

OlM 

tio 

C 

7ir 

S 

jn 

Per  cent.  Nd^O, 


32. — Effect  of  Sodium  Sul- 
phate on  the  Freezing  and  Tran- 
sition Points  of  Sodium  Chro- 
mate. 


29°  52'  for  A=502Wr : 25°  33'  for  A=536/i/i ; 21c 
16°  56'  for  A=582/qu, ; and  for  the  indices  of  refraction. 


49'  for  A=563/xju. ; and 
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G.  N.  Wyrouboff  gave  for  the  optic  axial  angle  2 E- 
for  green-light;  he  also  said  that  the  salt  is 
somewhat  deliquescent,  and  loses  2 mols.  of 
water  at  1 10°, ' and  the  rest  at  250° ; while 

H.  Traube  said  that  the  salt  loses  water  if 
allowed  to  stand  in  air  for  some  time,  and  all 
the  water  is  expelled  at  150°.  F.  Mvlius  and 
R.  Funk  gave  for  the  percentage  solubility  of 
the  tetrahydrate — stable  between  25-9°  and 
68°,  Fig.  33— 

25-6°  360° 

S . . . 46-08  47-98 


=16°  10'  for  red-light,  and  36°  22' 


450° 

50-20 


54-5° 

52-28 


650° 

55-23 


Solubility  Curve  of  Sodium 
Chromate. 


H.  Salkowsky  obtained  the  hexahydrate,  Fm  33  _ 

Na2Cr04.6H20,  accidentally  from  the  mother- 
liquors  of  a soln.  out  of  which  the  salt, 

Na2Cr04.4H20,  had  been  crystallized.  It  crystallized  in  triclinic  plates,  and 
further  crops  were  obtained  by  seeding  sat.  soln.  of  sodium  chromate  with  it. 
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The  percentage  solubility  of  the  hexahydrate — stable  between  19-526°  and  25-90°, 
Fig.  33 — is  : 

17-7°  19-2°  21-2°  24-7°  26-6° 

S . . 43-66  44  12  44-64  46-76  46-28 

The  decakydrate,  Na2Cr04.10H20,  is  the  salt  obtained  when  the  soln.  is  crystal- 
lized at  ordinary  temp.,  and  it  is  the  form  stable  below  19-526°.  The  crystals 
obtained  by  H.  Moser,  and  J.  F.  John  were  lemon-yellow,  and  had  a rough,  metallic 
taste,  and  alkaline  reaction.  H.  J.  Brooke  found  that  the  monoclinic  crystals, 
isomorphous  with  decahydrated  sodium  sulphate,  have  the  axial  ratios  a:b  :c 
=1-1127  : 1 : 1-2133,  and  £=107°  43' ; V.  Rosiczky  gave  1-1038  : 1 : 1-2351,  and 
^8=72°  28°.  I.  Takeuchi  thought  that  a definite  sodium  trisulphatochromate, 
2Na2SO4.Na2CrO4.30H2O,  was  formed  at  25°,  but  Y.  Osaka  and  R.  Yoshida  found 
that  it  is  not  a definite  compound.  Rather  is  it  a solid  soln.  No  solid  soln.  exists 
at  33°.  At  28°  and  31°,  the  chromate  exists  as  the  tetrahydrate  and  its  solubility  in 
the  sulphate  as  the  decahydrate  decreases  as  the  temp,  rises,  the  molar  fraction  being 
0-16  at  28°  and  0-04  at  31°.  G.  N.  Wyrouboff  gave  for  the  optical  axial  angle  of 
the  decahydrated  chromate  2Y=83°  56'  for  red-light,  and  82°  20'  for  green-light. 

F.  W.  Clarke  gave  1-483  for  the  sp.  gr.,  and  V.  Rosiczky,  1-526.  H.  Kopp  said  that 
the  crystals  melt  by  the  heat  of  the  hand ; S.  W.  Johnson  gave  20°-21°  for  the 
m.p.  ; W.  A.  Tilden,  and  M.  Berthelot  gave  23°  ; J.  L.  R.  Morgan  and  H.  K.  Benson, 
19-92°  ; and  F.  Mylius  and  R.  Funk  said  that  there  is  a congruent  m.p.  at  21°. 
The  m.p.  lies  in  the  region  of  instability  of  the  hydrate  since  at  19-525°,  there  is  a 
transformation  into  the  hexahydrate  with  partial  melting.  T.  W.  Richards  and 

G.  L.  Kelley  suggested  this  incongruent  m.p.  as  a fixed  point  in  thermometry. 
G.  Tammann  found  that  the  transition  temp.,  6,  for  Na2CrO4.10H2O^Na2CrO4.6H2O 
+4H20,  is  lowered  by  an  increase  of  press,  p kgrms.  per  sq.  cm.,  so  that : 

p . . . 1 400  600  1000  2300  3050 

0 . . . 19-60°  18-50°  17-50°  14-90°  7-00°  0-00° 

dp/6  . . 350  200  150  165  110 

This  agrees  with  R.  Hollmann’s  observations  that  the  decahydrate  contracts  on 
fusion  0-010  c.c.  per  gram  of  salt.  H.  J.  Brooke,  and  T.  Thomson  said  that  the 
crystals  effloresce  very  rapidly  in  cold,  dry  air  ; and,  added  H.  Moser,  they  become 
moist  only  in  a damp.  atm.  H.  Lescoeur  found  that  the  vap.  press,  of  the  sat.  soln. 
is  10-6  mm.  at  20°  so  that  if  the  partial  press,  of  the  water-vapour  in  atm.  air 
exceeds  this,  the  salt  will  be  deliquescent.  F.  Mylius  and  R.  Funk  found  the 
percentage  solubility  of  the  decahydrate — -stable  below  19-256° — is  : 

0°  10-0°  18-5°  19-5°  21-0° 

S . . 24-04  33-41  41-65  44-78  47-40 

Observations  on  the. solubility  were  made  by  F.  Kohlrausch,  F.  Mylius  and  R.  Funk, 

I.  Takeuchi,  and  H.  Salowsky.  T.  W.  Richards  and  co-workers  gave  for  the 
transition  point  between  the  decahydrate  and  the  hexahydrate  19-525°  to  19-63° 
with  44-2  per  cent.  Na2Cr04 ; T.  W.  Richards  and  R.  C.  Wells,  26-6° ; 
T.  W.  Richards  and  G.  L.  Kelley  gave  25-90°  and  H.  Salkowsicy  26-6°  with  46-3 
per  cent.  Na2Cr04  for  the  transition  point  between  the  hexahydrate  and  the  tetra- 
hydrate ; and  F.  Mylius  and  R.  Funk,  about  68°  with  55-2  per  cent.  Na2Cr04 
for  the  transition  temp,  between  the  tetrahydrate  and  the  anhydrous  salt. 

J.  Zeltner  gave  —4-9  for  the  eutectic  temp,  between  ice  and  the  decahydrate.  The 
percentage  solubilities  can  be  summarized  : 

0°  10°  19-525°  21-2°  25-90°  40°  68°  80°  100° 

S . . 24-1  33-4  44-2  44-6  46-3  49-0  55-2  55-3  55-8 

' v A v * V A -V ' 

Na2CrO4.10H2O  Na3Cr0t.6H20  Na2Cr04.4H20  Na2Cr04 

The  results  are  plotted  in  Fig.  34.  There  is  a metastable  region  ; F.  Mylius  and 
R.  Funk  gave  for  the  solubility  in  this  region  47-4  per  cent.  Na2Cr04  at  21°  with 
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the  decahydrate  as  solid  phase  ; and  the  transition  point  19-987°  for  the  decahydrate 
and  tetrahydrate.  E.  W.  Washburn  and  E.  R.  Smith  gave  19-51  for  the  transition 
temp.  F.  A.  H.  Schreinemakers  observed  that  in  the  ternary  system  : Na?0- 
Cr03.H20  at  30°,  when  concentrations  are  expressed  in  percentages, 


Cr03  . 0 2-0  10-21  10-22  10-74  19-26  28-82  48-70 

Na20  . 42-0  41-44  29-70  29-39  25-55  22-98  17-88  16-49 

' V A A V A V ' 

Solids  NaOH.HjO  Na2Cr04  Na4Cr06.13H20  Na2Cr04.4H20 


Cr03  . 48-70  55-09  66-13  67-37  68-46  66-88 

Na20  . 16-49  14-44  13-70  12-50  10-95  9-85 

V.  , , . ■■  —v  — ' ' ~"V"~  ■*— - ■ -v*  ~ ■ J 

Solids  Na2Cr207.2H20  Na2Cr3O10.H2O  Na2Cr4015.4H20 

The  solubility  curve  ab  refers  to  the  solid  phase  chromic  acid ; be,  to  Na2Cr4013.4H20  ; 
cd,  to  Na2Cr3O10.H2O  ; de,  to  Na2Cr207.2H20  ; ef,  to  Na2Cr04.4H20  ; fg,  to 
Na4GT05.13H20  ; gh,  to  Na2Cr04  ; and  hi,  to  Na0H.H20.  The  basic  salt,  sodium 
oxychromate,  Na4Cr05.13H20,  or  Na20.Na2Cr04.13H20,  was  obtained  by  F.  Mylius 
and  R.  Funk  from  an  aq.  soln.  of  chromium  trioxide  sat.  with  sodium  hydroxide. 
The  pale-yellow  crystals  melt  at  50°  with  the  separation  of  sodium  chromate.  The 


65-72 

6-31 


64-48 

4-51 


CrO- 


Fig.  34. — Equilibrium  Diagram 
for  the  Ternary  System  : 
Na20-Cr03-H20  at  30°. 


Fig.  35.  — Crystallization  of 
Mixed  Solutions  of  Alkali 
Chromates  and  Sulphates. 


aq.  soln.  saturated  at  18°  contains  37-5  per  cent,  of  the  anhydrous  salt,  and  has  a 
sp.  gr.  1-446  ; and  in  soln.  the  salt  is  probably  hydrolyzed.  F.  A.  H.  Schreinemakers 
said  that  it  dissolves  undecomposed  in  water,  and  the  aq.  soln.  at  30°  has  41-3  per 
cent,  of  the  salt.  F.  Mylius  and  R.  Funk  gave  for  the  percentage  solubility  : 

0°  10°  20-5°  27-7°  35°  37° 

S . . 33-87  35-58  38-05  40-09  44-09  45-13 

E.  Flach  studied  the  equilibrium  between  mixed  soln.  of  sodium  chromate  and 
sulphate  at  70°  and  the  results  are  summarized  in  Fig.  35.  With  soln.  containing 
22,  62,  82,  91-5,  and  96-5  per  cent,  of  Na2Cr04,  the  separated  crystals  had,  respec- 
tively, 0-21,  1-79,  3-45,  10-99,  and  62-91  per  cent.  Na2Cr04 ; 99-16,  96-14,  94-58, 
84-43,  and  31-50  per  cent.  Na2S04 ; and  0-63,  2-07,  1-99,  4-58,  and  5-59  per  cent, 
of  water. 

F.  Mylius  and  R.  Funk  gave  1-409  for  the  sp.  gr.  of  a soln.  sat.  at  18°  ; A.  Hey- 
dweiller,  for  soln.  with  0-0533,  0-1066,  1-066,  and  2-132  mols  Na2Cr04  per  litre 
at  18°,  respectively  1-0077,  1-0152,  1-1442,  and  1-2758;  and  H.  C.  Jones  and 
H.  P.  Bassett,  for  soln.  at  18°, 

Na,Cr04  . 0-81  1-60  3-15  6-14  8-98  11-69  14-28  per  cent. 

Sp.gr.  . 1-0075  1-0152  1-0287  1-0561  1-0834  1-1100  1-1366  „ 

K.  F.  Slotte  found  the  sp.  gr.  of  aq.  soln.  containing  5-76,  10-62,  and  14-81  per  cent, 
sodium  chromate  to  be  respectively  1-0576  at  17-4°/4°,  1-1125  at  17-174°,  and 
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1-1604  at  20-7°/4°  ; and  the  viscosities  (water  100),  respectively  at  10°,  117,  140-9, 
and  174  ; at  20°,  90-8,  108-3,  and  132-5  ; at  30°,  72-8,  86-6,  and  105-5  ; and  at 
40°,  59-8,  71-3,  85-9.  J.  L.  R.  Morgan  and  E.  Schramm  gave  for  the  surface  tension 
6 dynes  per  cm. : 

Na,Cr04  . 4-45  12-67  24-05  34-91  45-25  49-81  53-13  per  cent. 

0 • • 71-64  73-35  76-48  81-52  89-73  95-36  97-46 

For  the  observations  of  L.  J.  Simon  on  the  viscosity  of  the  soln.  vide  infra,  potassium 
chromate.  J.  J.  Coleman  found  that  normal  soln.  of  sodium  molybdate,  chromate, 
and  tungstate  diffused  so  that  respectively  28,  25,  and  17  per  cent,  rose  75  mm.  in 
30  days  at  12-5°.  J.  C.  G.  de  Marignac  found  for  the  sp.  ht.  between  21°  and  52°, 
for  soln.  with  25,  50,  100,  and  200  mols  of  water  per  mol  of  Na2Cr04,  respectively 
0-7810,  0-8560,  0-9134,  and  0-9511.  The  subject  was  discussed  by  N.  de  Kolos- 
sowsky.  G.  Tamman  observed  the  lowering  of  the  vap.  press,  for  soln.  with  7-50, 
30-88,  47-19,  and  72-43  grms.  of  Na2Cr04  per  100  grms.  of  water,  respectively  13-3, 
61-6,  102-2,  and  159-3  mm.  of  mercury — vide  supra,  for  H.  Lescoeur’s  observation. 
H.  C.  Jones  and  H.  P.  Bassett  found  the  lowering  of  the  f.p.  for  soln.  with  0-1,  0-3, 
0-6,  and  1-0  mols  of  Na2Cr04  per  litre  to  be  respectively  0-450°,  1-230°,  2-345°,  and 
3-800°.  F.  Morges  gave  for  the  heat  of  neutralization  of  aq.  soln.  (H2Cr04,2Na0H) 
=23-67  Cals,  at  18°  ; J.  Thomsen,  (H2Cr04(400aq.),2NaOH(400aq.))=24-72  Cals., 
or,  according  to  M.  Berthelot,  28-72—30(0—18)  Cals,  at  6°  ; and  2H2CrO4(800  aq.) 
+8NaOH(1600  aq.)->2Na2Cr04  aq.+4NaOH  aq.+50-328  Cals,  at  18°.  W.  G.  Mixter 
gave  for  the  heat  of  formation  : Cr-f3Na202=Na2Cr04+2Na20+ 158-8  Cals. ; 
^r203cry8t.+3Na202=2Na2Cr04+Na20 +108-0  Cals.  ; and  (CrO3,Na2O)=77-0 
Cals.  M.  Berthelot  found  for  the  heat  of  soln.,  Na2Cr04  with  360  to  720  mols  of 
water,  2-2  Cals,  at  10-5°  ; Na2Cr04.4H20  with  650  mols  of  water,  —7-6  Cals,  at 
11°  ; and  Na2CrO4.10H2O  with  760  mols  of  water,  —15-8  Cals,  at  10-5°.  Accord- 
ingly, the  heat  of  hydration  is  (Na2CrO4soiid,10H2OiiqUi(i)=18-0  Cals,  at  10-5°  ; 
and  the  heat  of  fusion  of  the  decahydrate  is  —12-3  Cals,  at  10-5°,  and  —13-4°  Cals, 
at  23°.  A.  Heydweiller  found  the  eq.  conductivity,  A mhos,  at  18°  for  0-1066Y-, 
0-533 N-,  1-0662V-,  and  4-2642V-soln.  to  be,  respectively,  81-84,  65-73, 56-96,  and  29-05. 
R.  Lenz,  and  H.  C.  Jones  and  H.  P.  Bassett  made  some  observations  on  this  subject, 
and  C.  Watkins  and  H.  C.  Jones  gave  for  the  mol.  conductivity,  p mhos,  for  a mol 
of  salt  in  v litres  of  water  : 
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0° 
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The  percentage  ionizations  at  0°  and  35°  are 
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A.  Berthoud  observed  no  maximum  in  the  conductivity  curve.  P.  Diillberg 
studied  the  electrometric  titration  with  hydrochloric  acid.  For  the  electrolysis 
of  soln.  of  the  chromate,  vide  infra,  sodium  dichromate.  H.  Ollivier  studied  the 
paramagnetism  of  the  salt.  H.  Stamm  measured  the  solubility  of  the  salt  in 
aq.  ammonia,  and  found  that  soln.  with  0 and  3-3079  mols  NH3  per  100  grms. 
of  water  dissolve  0-3595  and  0-1147  mol  Na2Cr04,  respectively.  B.  Neumann  and 
C.  Exssner  studied  the  conversion  of  sodium  chromate  to  dichromate  on  aq.  soln. 
by  carbon  dioxide  under  press.  J.  F.  John,  and  H.  Moser  said  that  the  decahydrate 
is  sparingly  soluble  in  alcohol ; C.  A.  L.  de  Bruyn  found  100  grms.  of  absolute 
methyl  alcohol  dissolve  0-345  grm.  of  Na2Cr04  at  25°  ; and  A.  Naumann  observed 
the  salt  to  be  insoluble  in  acetone.  F.  E.  Brown  and  J.  E.  Snyder  observed  no 
reaction  with  boiling  vanadium  oxytrichloride  and  anhydrous  sodium  chromate. 
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L.  Kahlenberg  and  W.  J.  Trautmann  observed  no  reaction  when  the  chromate  is 
mixed  with  silicon  and  heated  in  a hard  glass  tube  by  a bunsen  burner,  but  a strong 
reaction  occurs  when  heated  by  a M6ker  burner.  J.  Zehenter  precipitated  am- 
monium sodium  chromate,  ENH4)NaCr04.2H20,  by  adding  alcohol  to  a mixed  soln. 
of  ammonium  chromate  and  sodium  carbonate  ; and  G.  N.  Wyrouboff,  from  a mixed 
soln.  of  ammonium  and  sodium  chromates.  The  rhombic,  prismatic  crystals  are  said 
to  be  isomorphous  with  the  corresponding  sulphate,  the  axial  ratios  are  a : b : c 
=0-4780  : 1 : 0-8046  ; the  optical  character  is  negative  ; and  the  optic  axial  angles 
for  red  and  green  light  respectively  are  2Ha—93°  15'  and  80°  15' ; 2//0=108  O' 
and  129°  30' ; and  2V =83°  52'  and  70°  56'.  According  to  J.  Zehenter,  the  sp.  gr.  is 
1-842  at  15°.  The  salt  decomposes  between  150°  and  180°  with  the  evolution  of  water 
and  ammonia.  The  aq.  soln.  made  just  turbid  with  alcohol  decomposes  in  light. 

According  to  A.  Raimondi,4  the  yellow  mineral  tarapacaite  from  the  province 
of  Tarapaca,  Chili,  occurs  in  the  midst  of  the  variety  of  soda-nitre  called  caliche 
azufrado.  It  is  essentially  a potassium  chromate,  K2Cr04,  mixed  with  a little 
sodium  chloride,  nitrate,  and  sulphate,  and  potassium  sulphate.  I.  Domeyko  also 
observed  its  occurrence  in  the  desert  of  Atacama,  Chili.  The  preparation  of 
potassium  chromate  has  b.en  discussed  in  connection  with  the  extraction  of 
chromium.  T.  Thomson,  and  J.  von  Liebig  and  F.  Wohler  obtained  it  from  the 
soln.  obtained  by  neutralizing  potassium  dichromate  with  the  carbonate.  J.  von 
Liebig  and  F.  Wohler  converted  chromic  oxide  into  chromate  by  ignition  with 
potassium  chlorate  ; and  V.  Kletzinsky,  fused  potassium  dichromate  with  the 
nitrate.  N.  J.  Berlin  purified  the  chromate  by  treating  a soln.  of  the  dichromate 
with  a soln.  of  barium  chromate  in  chromic  acid  ; evaporated  to  dryness  a mixture 
of  the  filtrate  with  an  excess  of  potassium  carbonate ; and  crystallized  the 
product  from  aq.  soln.  until  it  was  nearly  free  from  alkali  carbonate  ; digested 
the  aq.  soln.  with  silver  chromate ; and  crystallized  and  recrystallized  the 
chromate  from  the  filtrate  by  spontaneous  evaporation. 

No  hydrates  are  formed  under  ordinary  conditions.  Observations  on  the 
solubility  of  potassium  chromate  were  made  by  T.  Thomson,  A.  Michel  and 
L.  KrafEt,  H.  Moser,  M.  Alluard,  A.  E.  Nordenskjold  and  G.  Lindstrom,  A.  Etard, 
C.  von  Hauer,  W.  Kohlrausch,  P.  Kremers,  M.  Amadori,  H.  SchifE,  K.  F.  Slotte, 
I.  Koppel  and  E.  Blumenthal,  F.  Flottmann,  and  F.  A.  H.  Schreinemakers.  The 
general  results  show  that  the  percentage  solubility,  S,  is  : 

-11-33°  -5-75°  0°  10°  20°  40°  60°  80°  100°  105-8° 

S . 23-1  36-6  36-7  37-9  38-6  40-1  42-1  42-9  44-2  47-0 

F.  Flottmann  found  the  solubility  at  15°,  20°,  and  25°  to  be  2-725,  2-764,  and  2-799 
mols  per  litre,  or  38-49,  38-94,  and  39-38  per  cent.,  respectively.  The  eutectic  temp., 
ice  and  K2Cr04  is,  according  to  L.  C.  de  Coppet,  —11-30°  with  36-6  per  cent,  of  salt ; 
according  to  F.  Guthrie,  —11-00°  and  36-3  per  cent,  of  salt ; and,  according  to 
I.  Koppel  and  E.  Blumenthal,  at  —11-70  and  35-3  per  cent,  of  salt. 

E.  H.  Riesenfeld  and  A.  Wesch  treated  a cone.  aq.  soln.  of  K5[(Cr04)2Cy6).5H20  with 
alcohol ; a red  oil  is  precipitated.  This  is  separated  and  covered  with  alcohol,  and  allowed 
to  stand  for  some  days  in  a calcium  chloride  desiccator,  and  purified  by  recrystallization. 
The  analysis  agrees  with  the  tetrahydrate,  K2Cr04.4H20.  The  pale  yellow  prisms  gradually 
lose  water,  and  they  are  slightly  hygroscopic.  The  aq.  soln.  is  neutral,  and  it  is  darker 
than  that  of  ordinary  potassium  chromate,  and  paler  than  the  dichromate. 

The  ternary  system  : K20-Cr03-H20  at  30°  was  studied  by  F.  A.  H.  Schreine- 
makers, who  found  for  the  percentage  solubilities  : 
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The  results  are  plotted  in  Fig.  36  ; where  the  solubility  curve  ab  has  the  solid 
phase  Cr03  ; be,  potassium  tetrachromate ; cd,  trichromate  ; de,  dichromate ; 

ef,  chiomate ; and  fg,  K0H.2H20.  I.  Koppel 
and  E.  Blumenthal’s  results  at  0°,  30°,  and  60° 
are  summarized  in  Figs..  37,  38,  and  39.  As 
before,  ab  represents  the  region  when  the  solid 
phase  is  Cr03  ; be,  K2Cr4013  ; cd,  K2Cr3O10  ; de, 
K2Cr207  ; ef,  K2Cr04 ; and  fg,  K0H.4H20  at  0° ; 
K0H.2H20  at  “30°;  and  KOH.H20  at  .60°. 
The  results  are  collected  together  in  the  model, 
Fig.  41,  where  the  area  ggofof  refers  to  the 
hydrates  of  potassium  hydroxide ; fofee0,  to 
K2Cr04 ; e0edd0,  to  K2Cr207  ; d0dccu,  to  K2Cr3OK) ; 
c0cbb0,  to  K2Cr40i3 ; b0baa0,  to  Cr03;  gfedcbaO, 
to  ice  ; and  the  area  gofoE' oeoEodocoboao(Oo),  to 
the  region  where  the  vap.  press,  is  760°.  E'E'a 
and  EE0  are  eutectic  lines.  The  b.p.  for  f0  is 
En,  104-8°  ; d0,  114-0°  ; and  a0,  127-0°.  W.  Herz 


Fia.  36. — Equilibrium  Diagram 
for  the  Ternary  System  -. 
K,0-Cr0,--H20  at  30°'. 


109°  ; E' o,  105°  8° ; e0,  106-8°  ; E0, 


Figs.  37,  38,  and  39. — Solubility  of  Potassium  Chromate  in  Solutions  of  Chromic  Acid. 


and  F.  Hiebenthal  found  the  solubility  of  potassium  chromate,  S,  in  the  presence 
of  n-normal  soln.  of  various  salts : 
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for  NaCl,  5=8-770— 1-24»  ; for  KC1,  5=8-287-l-31n  ; for  KBr,  5=8-129--l-39n  ; 
for  MgCl2,  5=8-697— 2-68n  ; and  NH4C1,-  5=8-318— l-425n. 

The  rhombic,  bipyramidal  crystals  are  pseudohexagonal,  and,  according  to 
E.  Mitscherlich,  have  the  axial  ratios  a :b  : c=0-5694  : 1 : 0-7298.  W.  Brendler 
gave  a : b : c— 0-5694  : 1 : 0-7298  for  crystals  of  tarapacaite.  Observations  on  the 
crystals  of  potassium  chromate  were  also  made  by  H.  J.  Brooke,  H.  Baumhauer, 
H.  Topsoe  and  C.  Christiansen,  F.  Corio,  W.  J.  Grailich  and  V.  von  Lang,  F.  Corio, 
A.  Hettich  and  A.  Schleede,  etc.  The  habit  was  found  by  H.  de  Senarmont  to  be 
tabular  when  the  crystals  are  grown  in  a soln.  of  sodium  carbonate ; but 
J.  W.  Retgers  said  that  the  crystals  are  those  of  K3Na(Cr04)2,  and  not  of  potassium 
chromate.  R.  Marc  and  W.  Wenk  found  that  the  velocity  of  crystallization  of 
fused  potassium  chromate  is  three-fourths  the  speed  of  that  of  fused  potassium 
sulphate  ; O.  Schott,  that  a soln.  of  the  salt  in  molten  potassium  nitrate  furnishes 
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crystals  with  a habit  different  from  that  which  later  obtains  ; while  0.  Lehmann 
said  that  the  habit  of  the  crystals  under  these  conditions  is  unchanged.  The  (010)- 
and  (OOl)-cleavages  are  clear.  0.  Lehmann  observed  the  development  of  cleavage 
planes  as  the  solid  is  heated.  K.  Herrmann  and  co-workers  found  the  X-radiograms 
of  the  rhombic  bipyramidal  crystals  of  potassium  chromate  have  a simple  lattice 
with  four  mols.  per  unit  cell,  with  a= 745  A.,  6=10-3  A. ; and  c=5-88  A.  E.  Koch- 
holm  and  N.  Schonfeldt  studied  the  isomorphism  of  this  salt  with  potassium 
sulphate  and  selenate.  H.  Topsoe  and  C.  Christiansen  found  that  the  optical 
character  is  negative,  and  the  optic  axial  angle  27=51°  40' ; and  25=97°  30'. 
W.  J.  Grailich  and  V.  von  Lang  gave  25=92°.  A.  des  Cloizeaux  gave  25=100°  32' 
for  red-light,  95°  40'  for  blue-light,  and  93°  10'  for  blue-light.  H.  de  Senarmont, 
and  W.  J.  Grailich  and  V.  von  Lang  found  that  the  optic  axial  angles  increase 
with  a rise  of  temp.  L.  Stibing  gave  for  the  axial  ratios  of  solid  soln.  of  potas- 
sium sulphate  and  chromate  with  0-5  molar  per  cent,  of  potassium  chromate 
a : b : c=0-5727  : 1 : 0-7434  ; 0-19  per  cent.,  0-5723  : 1 : 0-7436  ; 2-44  per 

cent.,  0-5719  : 1 : 0-7445  ; 8-26  per  cent.,  0-5715  : 1 : 0-7444  ; 38-47  per  cent., 
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Fig.  41.  — Equilibrium  Model  for  the 
System : K20-Cr03-H20  at  different 

Temperatures. 
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1 : 0-7418. 


cent. 

The 


0-5712  : 1 : 0-7418  ; 90-59  per  cent.,  0-5704  : 1 : 0-7381  ; and 

0-5696  : 1 : 0-7351  when  potassium  sulphate  alone  has  0-5727  : 
topic  axes  of  potassium  chromate  are  %:i}j  : co 
=3-9708  : 4-0113  : 5-1244,  when  those  of  potassium 
sulphate  are  3-8576  : 3-8805  : 4-9968.  E.  Pietsch 
and  co-workers  studied  the  attack  of  the  edges 
and  corners  of  the  crystals  by  sulphuric  acid. 

T.  Ishikawa  studied  the  system  : (NH4)2S04- 
(NH4)2Cr04-K2Cr04--K2S04 ; and  S.  Araki  found 
the  solubility  curves  for  the  system  (NH4)2Cr04- 
K2Cr04-H20  at  25°.  The  curve  has  two  branches 
with  two  series  of  solid  soln.,  and  a gap  with 
between  16-75  and  55-50  molar  per  cent,  of 
ammonium  chromate,  BC,  Fig.  40.  According  to 
S.  F.  Schemtschuschny,  the  cooling  curve  of  po- 
tassium chromate  exhibits  two  transition  points, 
one  at  984°  corresponding  with  the  crystallization 
of  the  molten  liquid,  and  another  at  679°  corre- 
sponding with  the  conversion  of  the  solid  into 
another  crystalline  form,  Fig.  42.  This  transition 
is  attended  by  a change  of  the  yellow  into  a red  salt  on  heating.  E.  Groschuff  said 
that  this  change  of  colour  is  evident  at  260°,  and  that  the  change  is  gradual  so  that 
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it  does  not  appear  to  be  connected  with  the  transition  point.  F.  Rinne  observed 
the  reversibility  of  the  colour  changes  when  the  salt  is  heated  by  the  bunsen  flame. 

E.  Groschuff  placed  the  transition  temp,  at  666° ; and  A.  Hare,  at  660°.  The  a-form 
is  stable  above  666°,  and  is  completely  miscible  with  the  hexagonal  form  of 
potassium  sulphate  so  that  the  high  temp,  form  is  itself  hexagonal ; as  the  ordinary 
or  j8-form  of  potassium  chromate  is  completely  miscible  with  the  j8-form  of  potassium 
sulphate.  Neither  the  f.p.  curve,  nor  the  transition  curves,  Fig.  42,  shows  a maxi- 
mum or  minimum.  M.  Amadori  obtained  a similar  equilibrium  diagram.  Yellow 
potassium  chromate,  stable  at  ordinary  temp.,  is  isomorphous  with  potassium  sul- 
phate, and,  therefore,  cannot  be  separated  from  that  salt  by  fractional  crystalliza- 
tion. W.  von  Behren  and  J.  Traube  studied  the  dissolution  and  crystallization  of 
the  salt.  R.  Kollmann,  G.  Tammann  and  A.  Sworykin,  E.  Mitscherlich,  P.  Groth, 
C.  F.  Rammelsberg,  and  J.  W.  Retgers  said  the  salt  is  isomorphous  with  potassium 
sulphate,  selenate,  and  permanganate.  G.  Tammann  discussed  the  protection  of 
one  salt  by  another  in  the  case  of  solid  soln.  of  potassium  chromate  and  sulphate  in 
a soln.  of  the  sulphate.  H.  Rose  observed  that  a mixture  of  eq.  proportions  of 
sodium  sulphate  and  potassium  chromate  yields  a brittle  mass  which  dissolves  in 
water  and  yields  crystals  resembling  potassium  sulphate.  The  optical  properties 
of  solid  soln.  of  potassium  sulphate  and  chromate  were  examined  by  L.  Stibing, 
G.  N.  Wyroubofl,  and  E.  Mallard  ; and  the  solubility  and  sp.  gr.  of  . soln.  of  the 
two  salts  were  examined  by  M.  Herz,  A.  Fock,  and  M.  Amadori.  G.  Meyer  studied 
the  application  of  the  partition  law  to  the  solid  soln.  of  potassium  sulphate  and 
chromate  in  aq.  soln.  M.  Amadori  gave  for  the  solubility  of  potassium  chromate 
in  the  presence  of  the  sulphate  : 

K2S04  . 69-88  68-78  40-86  27-65  13-53  7-51  4-35  0 

K.,Cr04  . 0-00  22-44  75-34  140-7  266-5  316-7  324-5  332-3 

so  that  the  curve  is  in  agreement  with  the  results  obtained  by  A.  Fock,  but  not 
with  those  of  M.  Herz.  The  mutual  solubility  of  the  two  salts  in  the  solid  state 
is  complete  ; and  the  more  soluble  salt  is  always  in  greater  proportion  in  the  soln. 
than  in  the  crystals.  The  solubility  curve  of  potassium  chromate  and  molybdate 
is  similar.  L.  Stibing  gave  for  mixtures  of  potassium  sulphate  and  chromate  in 
soln.  and  solid  soln.,  when  the  composition  is  expressed  in  molar  per  cent.  K2Cr04 
per  litre  : 

Soln.  . 0-0741  0-2642  0-6281  0-7543  1-0197  1-8450  2-6867 

Solid  . 0-0053  0-02337  0-0294  0-0355  0-1603  0-1892  0-5795 

A.  Fock’s  results  at  25°  are  summarized  in  Fig.  42.  T.  V.  Barker  studied  parallel 
overgrowths  on  alkali  sulphates  and  chromates.  H.  E.  Buckley  studied  the  effect 
of  chromates  on  the  crystallization  of  sodium  chlorate. 

T.  Thomson  gave  2-612  for  the  sp.  gr.  of  potassium  chromate  ; C.  J.  B.  Karsten, 
2-6402  ; H.  Kopp,  2-705  ; L.  Playfair  and  J.  P.  Joule,  2-711  to  2-72309  at  4°  ; 
S.  Holker,  2-678  at  15-5°  ; H.  Schiff,  2-691  ; F.  Stolba,  2-7343  ; H.  G.  F.  Schroder, 

2- 719  to  2-722  ; J.  W.  Retgers,  2-727  ; A.  Cavazzi,  2-691  at  15°  ; B.  Gossner,  2-741  ; 
J.  L.  Andreae,  2-7319  at  18° ; and  W.  Spring, 

0°  10°  20°  40°  60°  80°  100° 

Sp.gr.  . 2-740  2-737  2-735  2-729  2-723  2-711  2-7095 

W.  Spring,  and  L.  Stibing  observed  the  sp.  gr.  of  solid  soln.  of  potassium  chromate 
and  sulphate,  and  the  values  calculated  by  the  additive  rule  : 

K2Cr04  . 0-5080  1-2065  2-7093  9-3837  40-5333  91-5450  per  cent. 

Sp.  gr.  (Cals.)  2-6664  2-6669  2-6680  2-6732  2-6959  2-7345 

Sp.  gr.  (Obs.)  2-666  2-667  2-668  2-673  2-696  2-735 

F.  Fouque  found  that  the  sp.  gr.  of  aq.  soln.  of  potassium  chromate  with  0-97, 

3- 35,  and  20-57  grms.  of  salt  per  100  grms.  of  water  are  respectively  1-0077,  1-0268, 
and  1-1533  at  0°/4°  ; 1-0065,  1-0257,  and  1-1500  at  16-4°/4° ; 0-9836,  1-0013,  and 
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1 • 1165  at  75-5°/4° ; and  09679,  0-9861,  and  1-1065  at  99°.  Observations  were 
also  made  by  P.  Kremers,  R.  L.  Datta  and  1ST.  R.  Dhar,  P.  F.  Gaehr,  and 
A.  Heydweiller.  For  soln.  of  the  following  percentage  composition,  at  195°, 
H.  Schuff,  and  G.  T.  Gerlach  found  : 

K„Cr04  .1  5 10  16  20  H5  30  35  40  per  cent. 

Sp.  gr.  . 1-0080  1-0492  1-0837  1-1287  1-1765  1-2274  1-2808  1-3386  1-3991 

H.  Schiff  represented  his  results  for  soln.  with  p per  cent,  of  K2Cr04  by  £=1 
+0-008p+0-043324p2  +0-064048p3  at  19-5°.  F.  Flottmann  found  the  sp.  gr. 
of  soln.  sat.  at  15°,  20°,  and  25°  to  be,  respectively,  1-3749,  1-3785,  and  1-3805. 
A.  Cavazzi  measured  the  expansion  in  vol.  which  occurs  when  potassium  chromate 
is  dissolved  in  water.  K.  F.  Slotte  found  the  sp.  gr.  of  a soln.  with  24-26  per 
cent.  K2Cr04  at  18°  to  be  1-2335  ; and  the  viscosity  (water  100),  133-3  at  10° ; 
106-5  at  20°  ; 87-9  at  30°  ; and  74-3  at  40°.  The  drop  weight  of  the  salt  just  above 
its  m.p.  was  found  by  I.  Traube  to  be  238  mgrms.  (water  100).  J.  Wagner  found 
for  N-,  0-5 N-,  0-25 N-,  and  0-125iV-soln.  the  viscosity  (water  unity)  1-1133, 
1-0528,  1-0224,  and  1-0116  respectively.  L.  J.  Simon  mixed  equimolar  soln. 
of  chromic  acid  and  potassium  or  sodium  hydroxide,  and  found  that  discon- 
tinuities occur  in  the  viscosity  curves  when  the  composition  of  the  soln.  corresponds 
with  either  the  normal  chromates  or  the  dichromates,  the  precise  form  of  the 
curves  depending  on  whether  the  relative  proportion  of  the  two  soln.  is  taken  as 
the  abscissa  or  the  viscosities  for  soln.  of  equimolar  cone,  are  compared.  Except 
in  high  concentrations,  the  viscosities  of  eq.  soln.  of  sodium  chromate  and  sodium 
sulphate,  and  of  potassium  chromate  and  potassium  sulphate  are  identical,  and  it 
is  concluded  that  within  certain  cone,  limits,  isomorphous  solutes  produce  the  same 
change  in  the  viscosity  of  the  aq.  solvent.  T.  Graham  made  some  observations 
on  the  diffusion  of  potassium  chromate  into  a soln.  of  potassium  acetate  ; and 
J.  C.  G.  de  Marigrtac,  on  the  diffusion  in  the  presence  of  potassium  carbonate,  or 
nitrate.  Experiments  on  the  diffusion  of  soln.  of  chromic  acid  were  also  made  by 
F.  Rudorff,  and  H.  de  Vries.  G.  Jander  and  A.  Winkel  gave  0-77  for  the  diffusion 
coeff.  of  the  anion.  W.  Spring  found  that  with  the  vol.  of  potassium  chromate 
unity  at  0°,  the  vol.,  v,  at  different  temp,  is  : 

10°  20°  30°  40°  60°  80°  100° 

v . 1-001064  1-002114  1-003140  1-004228  1-006439  1-009023  1-011344 


which  makes  the  coeff.  of  cubical  expansion  0-00011344  between  0°  and  100°,  a 
result  very  close  to  that  obtained  by  L.  Playfair  and  J.  P.  Joule  ; J.  L.  Andreae 
gave  0-000101  between  18°  and  56°.  W.  Spring 
also  found  that  the  coeff.  of  cubical  expansion  is 
very  close  to  that  of  ammonium  and  rubidium 
sulphates.  H.  Kopp  observed  the  sp.  ht.  of  the 
crystalline  salt  to  be  0-189  between  18°  and  47°  ; 

H.  V.  Regnault  gave  0-1850  between  17°  and  98°  ; 
and  F.  E.  Neumann,  0-1840.  J.  C.  G.  de  Marignac 
gave  for  the  sp.  ht.  of  soln.  of  a mol  of  potassium 
chromate  in  50,  100,  and  200  mols  of  water  be- 
tween 20°  and  51°,  respectively  0-8105,  0-8896, 
and  0-9407  ; while  H.  Faasch  gave  for  0-499 N-, 

0-990 N-,  1-994V-,  and  3-986V-K2Cr04,  respec- 
tively 0-939,  0-898,  0-810,  and  0-703  at  18°.  The 
subject  was  discussed  by  N.  de  Kolossowsky. 

J.  J.  Berzelius  observed  that  the  lemon-yellow  salt 
becomes  bright  red  when  heated,  but  undergoes  no 
further  change  ; it  is  liable  to  decrepitate  violently  before  fusion  at  a red-heat, 
and  emits  a green  light  during  fusion  ; and  the  molten  salt,  said  G.  Magnus, 
crystallizes  as  it  cools.  H.  le  Chatelier  first  gave  975^  for  the  m.p.,  and  later, 


Fig.  43. — Freezing-point  Curve 
of  the  Mixtures  of  KaCr04- 
KaS04. 
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940° ; S.  F.  Schemtschuschny,  984° ; E.  Groschoff,  971° ; and  M.  Amadori,  9J8°. 
D.  F.  Smith  and  F.  A.  Hartgen  studied  this  subject.  For  the  transition  temp., 
vide  supra.  H.  le  Chatelier,  E.  Groschuff,  and  M.  Amadori  studied  the  m.p.  of 
mixtures  of  potassium  sulphate  and  chromate — vide  Fig.  43— a continuous  series 
of  solid  soln.  is  formed.  M.  Amadori  obtained  continuous  series  of  solid  soln. 
with  potassium  chromate  and  potassium  molybdate  or  tungstate.  S.  F.  Schemt- 
schuschny studied  the  m.p.  of  the  binary  system  K2Cr04-KCl,  and  found  a typical 
V-curve  with  a eutectic  at  658°,  and  31-5  molar  per  cent,  of  K2Cr04  ; no  solid 
soln.  are  formed  on  the  potassium  chloride  branch  of  the  curve,  but  the  other 
branch  shows  that  solid  soln.  are'  formed  with  mixtures  containing  about  4 molar 
per  cent,  of  potassium  chloride,  Fig.  43.  F.  Guthrie  found  that  a mixture  of 
potassium  chromate  and  nitrate  has  a eutectic  at  295°  and  96-2  per  cent,  of  the 
nitrate  ; for  mixtures  of  potassium  chromate  and  dichromate,  vide  infra.  The 
lowering  of  the  f.p.  of  soln.  of  w grms.  of  K2Cr04  in  100  grms.  of  water,  was 
measured  by  L.  C.  de  Coppet,  aid  F.  RiidorfE ; while  I.  Koppel  and  E.  Blumenthal 
gave : 

KjCr04  . 4-53  6 12  26-99  31-33  42-04  64-57 

Lowering  f.p.  0-99°  1-2°  4-3°  6-7°  7-12°  11-37° 

For  the  eutectic  temp.,  vide  supra.  G.  Tammann  gave  for  the  lowering  of  the  vap. 
press,  for  soln.  with  w grms.  of  K2Cr04  per  100  grms.  of  water, 

KjCr04  . . . 10-93  14-29  26-63  34-89  46-99  63-28 

Lowering  v.p.  . 18-0  22-7  40-4  62-1  73-7  84-1  mm. 

I.  Bencowitz  and  H.  T.  Hotchkiss,  and  F.  M.  Raoult  made  some  observations  on 
this  subject.  According  to  M.  Alluard,  the  b.p.  of  a sat.  soln.  of  the  chromate  is 
104-2°  at  718  mm.  ; according  to  P.  Kremers,  107°  ; and  according  to  I.  Koppel 
and  E.  Blumenthal,  105-8°  at  760  mm.  A.  Hare  found  the  heat  of  the  polymorphic 
transformation  of  potassium  chromate  at  660°  to  be  2-45  Cals,  per  mol.  R.  Lorenz 
and  W.  Herz  studied  some  relations  between  the  b.p.  and  critical  temp.  The 
heats  of  neutralization  given  by  M.  Berthelot  are  (Cr03aq.,2K0Haq  )=30-4  Cals, 
at  12°  ; with  the  solid  compounds,  95-6  Cals. ; with  K2Cr207  (in  12  litres)  and 
2KOH  (in  4 litres),  M.  Berthelot  gave  23-6  Cals.,  and  P.  Sabatier,  23-0  Cals. ; 
and  for  H2Cr04  (in  8 litres)  and  2KOH  (in  4 litres).  M.  Berthelot  gave 
27-738  Cals.,  and  P.  Sabatier,  25-4  Cals.  M.  Berthelot  also  gave  for 
(2Cr(0H)3precipitated,4K0Haq.,30)=61-4  Cals,  at  8° ; and  for  solid  hydroxide 
and  chromate,  101-9  Cals.  F.  Morges  gave  -5-254  Cals,  for  the  heat  of  soln.  in 
543  mols  of  water  at  19-5°. 

H.  Topsoe  and  C.  Christiansen  gave  for  the  index  of  refraction,  1-7131  for  the 
C-line ; 1-7154  for  the  D-line  ; and  1-7703  for  the  F-line.  E.  Mallard  gave  for 
red-light,  a=l-6873,  /3=l-722,  and  y=l-7305.  F.  Fouqu4,  and  R.  L.  Datta  and 

N.  R.  Dhar  measured  the  refractive  indices  of  aq.  soln.  ; and  A.  Heydweiller 
gave  for  the  D-line  at  18°  : 

KjCrO,  . . 0-1 N-  0-2 N-  0-6 N-  1-0 N-  2-0 N-  4-0 N- 

H . . . 1-33529  1-33732  1-34335  J-35305  1-37188  1-40709 

F.  Flottmann  found  the  index  of  refraction  of  soln.  sat.  at  15°,  20°,  and  25°  to  be 
respectively  1-43267,  1-43276,  and  1-43288.  H.  Fromherz  studied  the  absorption 
spectrum.  L.  R.  Ingersoll  found  Verdet’s  constant  for  the  electromagnetic  rotatory 
power  for  light  of  wave-length  0-6,  0-8,  1-0,  and  1-25/a  to  be  respectively  0-0092, 
0-0060,  0-0041,  and  0-0026  for  soln.  of  sp.  gr.  1-372.  T.  Thomson  said  that  one  part 
of  the  salt  imparts  a distinct  yellow  colour  to  40,000  parts  of  water.  The  spectro- 
scopic observations  of  H.  Becquerel,  W.  BohlendorS,  A.  Etard,  F.  Grunbaum, 

J.  M.  Hiebendaal,  J.  H.  Jones  and  W.  W.  Strong,  E.  Viterbi  and  G.  Krausz, 

O.  Knoblauch,  P.  Sabatier,  J.  L.  Soret,  H.  Settegast,  A.  M.  Taylor,  T.  Aden, 
N.  R.  Tawde  and  E.  R.  Paranjpe,  E.  Jander,  and  K.  Yierordt  have  been  pre- 
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viously  discussed.  C.  Schaefer  and  M.  Schubert  found  in  the  ultra-red  spectrum 
a well-defined  maximum  at  11*16//,  with  soln.  of  potassium  chromate,  and  at  11*2//, 
with  soln.  of  potassium  sodium  chromate.  H.  von  Halban  and  K.  Siedentopf 
studied  the  absorption  of  light  in  cells  of  potassium  chromate  and  hydroxide  soln., 
and  soln.  of  potassium  chromate  and  copper  sulphate  in  aq.  ammonia.  A.  E.  Lindh, 
D.  Coster,  and  0.  Stelling  studied  the  X-ray  spectrum  ; and  D.  M.  Yost,  the  absorp- 
tion of  X-rays.  I.  Plotnikoff  and  M.  Karshulin  measured  the  absorption  spectrum 
and  the  region  of  photochemical  sensitivity  for  soln.  of  potassium  chromate  in 
colloidion  films— with  methyl  alcohol  as  acceptor.  A.  Kailari  found  that  an  aq. 
soln.  of  potassium  chromate  is  reduced  by  radium  rays  more  slowly  than  potassium 
dichromate.  E.  Montignie  observed  that  after  exposure  to  ultra-violet  light, 
potassium  chromate  affects  a photographic  plate. 

J.  A.  Fleming  and  J.  Dewar  found  that  the  dielectric  constant  of  water  is  raised 
a little  by  potassium  chromate,  and  at  — 88*5°,  the  dielectric  constant  of  the  frozen 
mixture  is  between  3 and  10 — when  with  ice  alone,  the  constant  is  2*5.  W.  Schneider 
studied  the  piezoelectric  effect ; P.  Walden,  and  A.  Heydweiller,  the  electrical 
conductivity  of  aq.  soln.  P.  Walden  gave  for  the  eq.  conductivity,  A mhos,  at  8°, 
with  a gram- equivalent  of  the  salt  in  v litres, 

v . . .32  64  128  266  612  1024 

A . . . 129-6  136-3  141-3  146-6  148-3  160-4 

H.  C.  Jones  and  C.  A.  Jacobson  measured  the  molar  conductivity,  //,  mhos,  between 
0°  and  35°,  and  A.  M.  Clover  and  H.  C.  Jones,  between  35°  and  65°,  for  a mol  of 
the  salt  in  v litres  ; and  calculated  values  for  the  percentage  ionization,  a ; 
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Conductivity  observations  were  also  made  by  R.  Lenz,  and  E.  Bouty.  N.  R.  Dhar 
said  that  electrical  conductivity  and  coagulation  experiments  agree  that  in  soln. 
the  dichromate  is  in  part  present  as  KHCr04.  F.  Morges  observed  that  in  the 
electrolysis  of  an  aq.  soln.  of  the  chromate,  potassium  hydroxide  accumulates  about 
the  cathode,  and  the  oxygen  given  off  at  the  anode  forms  dichromate — vide  supra. 
chromic  acid.  As  indicated. in  connection  with  chromic  acid,  calculations  on  the 
degree  of  ionization  are  unsatisfactory  on  account  of  the  conversion  of  chromates 
to  dichromates  in  aq.  soln.  J.  Lundberg’s  observations  on  the  hydrolysis  of  these 
soln.  were  indicated  in  connection  with  chromic  acid.  The  aq.  soln.  has  an  alkaline 
reaction  towards  lacmoid,  litmus,  and  phenolphthalein,  and  observations  on  this 
subject  were  made  by  M.  M.  Richter,  R.  T.  Thomson,  and  J.  A.  Wilson.  H.  M.  Vernon 
estimated  the  degree  of  ionization  from  the  colour.  G.  Baborovsky  studied  the 
electrolytic  reduction  of  the  salt ; and  P.  Diillberg,  the  electrometric  titration  with 
hydrochloric  acid.  L.  A.  Welo  gave  0-04  X 10-6  for  the  magnetic  susceptibility. 
G.  Gore  electrolyzed  fused  potassium  chromate  and  obtained  a deposit  on  the 
cathode. 

J.  Obermiller  measured  the  hygroscoposity  of  the  crystals.  H.  Moser  said  that 
potassium  chromate  is  not  decomposed  when  heated  to  redness — vide  supra, 
chromium  trioxide.  W.  Ipatieff  and  co-workers  found  that  hydrogen  under  a 
press,  of  200  atm.  reduces  soln.  of  potassium  chromate ; and  with  a soln.  of  potassium 
chromate  and  sulphuric  acid,  Cr2(S04)3.Cr203.K20.H20  is  formed.  G.  Gore 
observed  that  the  salt  becomes  red  in  compressed  hydrogen  chloride,  but  in  liquid 
hydrogen  chloride  it  is  neither  changed  nor  dissolved.  A.  C.  Robertson  studied 
the  action  of  potassium  chromate  on  hydrogen  dioxide  : 2K2Cr04-f  H202=K2Cr207 


256 


INORGANIC  AND  THEORETICAL  CHEMISTRY 


-f  2K0H+0 — vide  supra,  potassium  dichromate ; and  vide  supra,  chromic  acid. 

G.  Grasser  and  T.  Nagahama  found  that  the  reduction  with  many  reducing  agents 
is  incomplete  unless  an  acid  be  present.  J.  W.  Thomas  found  that  the  salt  is 
decomposed  by  dry  hydrogen  chloride  forming  potassium  chloride  and  dichromate  ; 
the  dichromate  is  then  converted  into  chromium  trioxide,  and  this  is  then  reduced 
to  a brown  chromic  oxide  without  forming  ohromyl  chloride.  M.  Bobtelsky  studied 
the  oxidation  of  cone,  hydrochloric  acid  by  potassium  chromate.  W.  B.  Morehouse 
found  the  X-ray  absorption  of  the  system : K2Cr207+16KI+14HCl->8KCl 
+2CrCl3-|-4I2-f-8KI-l-7H20  is  0-25  per  cent,  greater  after  the  reaction  than  it  is 
before.  E.  Ramann  and  H.  Sallinger  measured  the  precipitation  ratio,  i.e.  the 
ratio  in  which  silver  divides  itself  between  the  iodate  and  chromate  in  the 
reaction  : K2Cr04+2AgI03=2KI03+Ag2Cr04.  J.  L.  Lasssaigne  found  that  when 
heated  with  sulphur,  chromic  oxide  and  potassium  sulphate  and  sulphide  are 
formed  : 8K2Cr04+(3w-(-5)S=5K2S04-f-3K2S„-)-4Cr203  ; initially,  said  0.  Dopping, 
some  thiosulphate  is  produced.  K.  Bruckner  said  that  when  the  mixture  of 
chromate  and  sulphur  is  heated  for  a short  time,  potassium  sulphide  and  thio- 
sulphate are  formed,  and  afterwards  potassium  sulphate  and  polysulphide  as  well 
as  chromic  sulphide  and  oxide.  As  the  heating  continues,  the  sulphide  is  slowly 
oxidized,  and  the  end-products  are  potassium  sulphate,  and  chromic  oxide  with  traces 
of  chromates,  and  chromium  sulphide.  J.  B.  Senderens  represented  the  reaction 
when  the  aq.  soln.  is  boiled  with  sulphur,  by  6K2Cr04+15S-|-9H20=6Cr(0H)3 
-f-  5K2S203-t-K2S5  ; and  0.  Dopping,  the  reaction  with  potassium  pentasulphide, 
by  8K2CrO4-t-2-K2SB+5H2O=5K2S2O34-10KOH4-4Cr2O3.  The  reaction  between 
the  heated  salt  and  dry  hydrogen  sulphide  was  found  by  W.  Muller  to  furnish  water, 
potassium  and  chromium  sulphides  and  chromic  oxide  ; with  an  aq.  soln.  of  the 
chromate,  saturated  with  sodium  hydroxide,  T.  L.  Phipson  found  that  green 
chromic  hydroxide  is  precipitated — vide  infra,  chromium  sulphide.  W.  R.  Hodgkin- 
son  and  J.  Young  studied  the  action  of  dry  sulphur  dioxide  on  the  salt.  W.  Muller 
represented  the  reaction  between  the  heated  salt  and  the  vapour  of  carbon  disul- 
phide by  2K2Cr04-|-5CS2=2K2S3-f Cr2S3-)-4C0-f-C02-f S02.  P.  Berthier  said 
that  sulphur  dioxide  precipitates  brown  chromic  chromate  from  an  aq.  soln.  of 
potassium  chromate.  The  precipitate  then  dissolves  forming  a green  liquid  con- 
taining potassium  hydroxide,  chromic  oxide  and  sulphuric,  sulphurous,  and  dithionic  : 
acids.  P.  Job  found  that  0-01  to  0-001  M-K2Cr04,  reacts  with  sulphuric  acid,  so 
that  the  reaction  Cr04"+H'^HCr04'  has  an  ionization  constant  A =7  X 10~5  at 
15°.  E.  Pietsch  and  co-workers  studied  the  surface  conditions  in  the  reaction 
between  potassium  chromate  and  sulphuric  acid.  E.  C.  Franklin  and  C.  A.  Kraus 
found  the  chromate  to  be  insoluble  in  liquid  ammonia.  H.  Stamm  found  that 
soln.  with  0,  1-350,  and  3-517  grms.  of  NH3  per  100  grms.  of  water  dissolve  0-3218, 
0-0324,  and  0-0036  mol  of  K2Cr04  respectively.  R.  C.  Woodcock,  and  F.  Mohr 
found  that  when  the  chromate  is  distilled  with  ammonium  chloride  and  water, 
ammonia  and  potassium  dichromate  are  formed.  F.  Santi  found  that  ammonium 
chloride  converts  chromates  to  dichromates  and  dichromates  to  chromic  acid ; and 
E.  Divers  that  chromates  react  with  a soln.  of  ammonium  nitrate  in  aq.  ammonia. 

H.  P.  Cady  and  R.  Taft  observed  that  potassium  chromate  is  appreciably  soluble 
in  phosphoryl  chloride.  J.  T.  Cooper  observed  that  a yellow  soln.  of  chromate 
gradually  turns  green  in  the  presence  of  arsenic  trioxide.  H.  Moser  observed  the 
decomposition  of  potassium  chromate  mixed  with  carbon  and  heated — potassium 
carbonate  and  chromic  oxide  are  formed.  E.  Fleischer  observed  that  the  aq.  soln. 
of  the  chromate  attracts  carbon  dioxide  from  the  atm.  When  the  chromate  is 
heated  in  a current  of  carbon  monoxide,  F.  Gobel  observed  that  chromic  oxide 
is  formed  ; and  K.  Stammer  added  that  potassium  carbonate,  carbon  dioxide,  and 
potassium  chromite  are  also  produced.  J.  Jacobson  found  that  when  carbon,  gun 
cotton,  and  other  organic  substances  are  soaked  in  a soln.  of  potassium  chromate 
and  dried,  they  burn  more  vigorously  than  before.  F.  W.  0.  de  Coninck  observed 
that  100  grms.  of  a soln.  of  glycol  sat.  at  15-4,  contain  1-7  grms.  of  potassium 
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chromate.  A.  Naumann  found  the  chromate  to  be  insoluble  in  benzonitrile,  and 
in  methyl  acetate  ; and  A.  Naumann,  and  W.  Eidmann,  insoluble  in  acetone.  It 
is  also  insoluble  in  alcohol.  F.  Gobel  found  that  potassium  chromate  is  partially 
decomposed  when  heated  in  carbon  monoxide,  and  chromic  oxide  is  formed. 
G.  Stadnikoff  studied  the  adsorption  of  potassium  chromate  by  aniline-black. 
S.  Glasstone  and  co-workers  studied  the  effect  of  the  chromate  on  the  solubility 
of  ethyl  alcohol.  F.  Tassaert  observed  that  when  the  chromate  is  heated  with 
acetic  acid  and  alcohol,  it  is  partly  transformed  into  potassium  and  chromic  acetates. 
According  to  F.  Tassaert,  many  acids — sulphuric,  hydrochloric,  nitric,  and  acetic 
acids — abstract  half  the  alkali,  and  form  potassium  dichromate,  which,  if  the  soln. 
be  sufficiently  concentrated,  is  precipitated — vide  supra,  chromium  trioxide. 
E.  Schweizer  said  that  carbonic  acid  acts  similarly,  and  F.  Margueritte,  boric  acid  ; 
but  F.  Mohr  added  that  boric  and  silicic  acids,  and  potassium  hydrocarbonate  do 
not  act  in  this  way,  but  that  formic,  acetic,  butyric,  and  valerianic  acids  do  trans- 
form chromate  into  dichromate.  If  soln.  of  the  potassium  salts  of  one  of  these 
four  acids  be  evaporated  with  potassium  dichromate,  potassium  chromate  is 
formed.  F.  Mohr  added  that  potassium  hydrocarbonate  acts  similarly.  According 
to  E.  Schweizer,  a soln.  of  potassium  dichromate  with  sodium  stearate  precipitates 
stearic  acid  ; benzoic  acid  forms  potassium  benzoate  and  dichromate  when  treated 
with  potassium  chromate,  and  when  the  soln.  is  evaporated,  potassium  chromate 
and  benzoic  acid  are  reformed.  A soln.  of  sodium  benzoate  and  potassium  di- 
chromate does  not  yield  chromate  on  evaporation.  Salicylic  acid  behaves  like 
benzoic  acid.  Normal  potassium  urate  reacts  with  the  chromate  forming  uric  acid 
and  potassium  dichromate.  M.  Berthelot,  and  P.  Sabatier  studied  the  reaction  of 
the  chromate  with  acids.  According  to  J.  W.  Dobereiner,  a soln.  of  barium  hydroxide 
gives  a quantitative  precipitate  of  barium  chromate.  According  to  L.  Meyer,  an 
aq.  soln.  of  potassium  chromate  in  contact  with  crystals  of  copper  sulphate,  silver 
nitrate,  mercurous  nitrate,  or  mercuric  chloride  forms  potassium  dichromate  and  a 
little  basic  chromate  is  precipitated  ; lead  acetate  is  not  changed  ; cobaltous 
chloride  gives  a precipitate — vide  supra,  reactions  of  chromates.  K.  W.  Floroff 
studied  the  reaction  BaS04-|-K2Cr04=K2S04-f  BaCr04.  L.  Kahlenberg  and 
W.  J.  Trautmann  observed  no  reaction  when  the  chromate  mixed  with  silicon  is 
heated  in  a hard  glass  tube  by  a-  bunsen  burner,  but  there  is  a strong  reaction  when 
heated  by  a rneker  burner.  A.  C.  Robertson  represented  the  reaction  with  vanadic 
acid:  2K2Cr04+H202+HV03=K2Cr207+2K0H+HV04.  R.  F.  Reed  and 
S.  C.  Horning  showed  that  potassium  chromate  in  aq.  soln.  is  absorbed  by  zinc, 
possibly  as  potassium  or  zinc  chromate. 

S.  W.  Johnson  cooled  by  a freezing  mixture  a hot  soln.  of  potassium  dichromate 
in  cone,  ammonia,  and  obtained  crystals  of  ammonium  potassium  chromate, 
(NH4)KCr04  ; E.  Kopp  obtained  the  same  salt  by  evaporating  the  soln.  over 
caustic  alkali.  The  rhombic,  pale  sulphur-yellow  prisms  are  isomorphous  with 
potassium  sulphate.  E.  Maumene  said  that  the  salt  turns  brown  at  240°  owing  to 
the  formation  of  the  chromate  of  a base  N2H60,  and  that  the  salt  is  completely 
decomposed  at  270°  leaving  residual  chromic  oxide.  P.  Sabatier  gave  10-6  Cals, 
for  the  heat  of  formation  from  a soln.  of  potassium  dichromate  ; or  15*5  Cals,  from 
the  solid  salts  ; the  heat  of  soln.  for  173-4  grms.  of  salt  in  40  times  its  weight  of 
water  at  17°  is  —5-3  Cals.  S.  W.  Johnson  found  that  the  salt  loses  ammonia  when 
exposed  to  air,  and  when  the  soln.  is  boiled  or  evaporated  there  remains  potassium 
dichromate.  E.  Kopp  said  that  sodium  thiosulphate  has  no  action  in  the  cold, 
but  when  heated,  chromic  chromate  is  formed.  A.  Etard's  analysis  indicates  that 
the  salt  is  monohydrated  ; but  S.  W.  Johnson’s  analysis  shows  that  the  salt  is 
anhydrous.  J.  Zehenter  prepared  2(NH4)2Cr04.3K2Cr04,  by  adding  an  eq.  of 
potassium  carbonate  to  a cone.  soln.  of  ammonium  dichromate,  and  precipitating 
with  alcohol.  The  sulphur-yellow  needles  have  a sp.  gr.  2-403  at  15°.  They  are 
stable  when  dry.  H.  Traube  prepared  lithium  potassium  chromate,  LiKCr04, 
in  hexagonal  or  pseudo-hexagonal  crystals  isomorphous  with  the  analogous  sul- 
vol.  x;.  s 
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phate  ; J.  Zehenter  gave  2-539  for  the  sp.  gr.  at  15°.  H.  Rose  melted  2 parts  of 
potassium  dichromate  and  one  of  sodium  carbonate ; the  cold  mass  dissolved  in 
hot  water  deposits,  on  cooling,  crystals  of  potassium  sodium  chromate,  or  chromo- 
glaserite,  or  chromatoglaserite,  3K2Cr04.Na2Cr04,  or  K3Na(Cr04)2- — the  crystallization 
is  attended  by  crystalloluminesce.  J.  Zehenter  obtained  th’e  salt  by  evaporating 
a hot  soln.  of  potassium  dichromate  neutralized  with  sodium  carbonate  ; and 
C.  von  Hauer,  by  evaporating  a mixed  soln.  of  3 mols  of  potassium  chromate  and 
one  mol  of  sodium  chromate.  The  yellow  crystals  were  found  by  B.  Gossner  to  be 
trigonal  with  the  axial  ratio  a : c= 1 : 1-2857  and  a=88°  28',  there  is  a second 

variety  in  monoclinic  crystals  with  a :b : c 
=0-5833  : 1 : 0-8923,  and  £=90°  46'.  H.  Stein- 
metz  said  that  there  is  a gradual  change  in  the 
chromate,  K3Na(Cr04)2,  between  150°  and  175° 
without  appreciable  change  of  vol.  or  coeff.  of 
expansion.  The  sp.  gr.  is  2-719  at  15° ; at  14°, 
100  parts  of  water  dissolve  64-2  parts  of  salt. 
According  to  J.  Zehenter,  the  mother-liquor 
yields  a hemihydrate,  of  sp.  gr.  2-575  at  15°. 
It  loses  water  at  150°  ; and  100  parts  of  water 
at  14°  dissolve  66-4  parts  of  salt.  E.  Flach 
measured  the  f.p.  of  mixtures  of  sodium  and 
potassium  chromates,  and  the  results  are  sum- 
marized in  the  upper  curve  of  Fig.  44.  The 
solid  soln.  of  the  two  salts  shows  breaks  in  the 
cooling  curve  corresponding  with  the  lower 
curve  of  Fig.  44.  There  are  thus  indications  of  the  formation  of  the  trigonal 
chromatoglaserite  analogous  to  ordinary  or  sulphatoglaserite,  3K2S04-Na2S04. 
This  complex  salt  can  form  solid  soln.  to  a limited  extent  with  sodium  chromate, 
so  that  during  the  cooling  the  hexagonal  crystals  of  the  solid  soln.  between  669° 
and  371°  mostly  split  into  simple  chromates  and  solid  soln.  of  chromatoglaserite 
and  sodium  chromate.  The  curve  of  mixtures  of  potassium  and  sodium  chromates, 
previously  fused  together,  shows  a break  corresponding  with  K3Na(Cr04)2.  Thus, 


Fio. 


44. — Equilibrium  Diagram  of 
the  Binary  System  : 
Na,Cr04-K.,Cr04. 


K2Cr04  .0  10  50  70  78-3  90  100  per  cent. 

Sp.  gr.  . 2-765  2-766  2-767  2-767  2-768  2-751  2-740 

The  crystallographic  data  are  summarized  in  Table  III.  The  thermal  diagram 


Table  III. — Crystallographic  Data  of  Potassium  and  Sodium  Sulphates 

and  Chromates. 


Mol.  wt. 

Sp.  gr. 

Mol.  vol. 

Axial  ratios  a : b : c 

Topic  parameters  % ■ * ■ to 

k2so4 

174-27 

2-666 

65-37 

0-5727  : 1 : 0-7418 

3-0688  : 5-3586  : 3-9750 

K3Na(S04)2 

166-22 

2-696 

61-65 

0-5773  : 1 : 0-7450 

3-0215  : 5-2334  : 3-8990 

Na2S04 

142-07 

2-683 

52-95 

0-4731  : 1 : 0-7996 

2-4564  : 5-1922  : 4-1517 

K2Cr04 

194-20 

2-740 

70-88 

0-5694  : 1 : 0-7298 

3-1578  : 5-5452  : 4-0473 

KiNafCrO., ), 

186-15 

2-768 

67-25 

0-5773  : 1 : 0-7423 

3-1141  : 5-3737  : 4-0038 

Na2Cr04  . 

162-00 

2-765 

58-59 

0-4643  : 1 : 0-7991 

2-5096  : 5-4051  : 4-3193 

of  mixtures  of  sulphato-  and  chroinato-glaserites  is  shown  in  Fig.  45.  The 
quaternary  system  : K2Cr04-Na2Cr04-Na2S04-K2S04,  was  studied  by  E.  Flach 
and  also  the  same  system  with  water  at  30°. 

L.  Grandeau  5 prepared  rubidium  chromate,  Rb2Cr04,  by  neutralizing  a soln. 
of  the  dichromate  with  rubidium  carbonate,  and  by  melting  chromic  oxide  with 
rubidium  nitrate,  or  with  rubidium  carbonate  in  air.  The  spontaneous  evaporation 
of  the  aq.  soln.  furnishes  first  a crop  of  crystals  of  the  dichromate,  and  then  the 
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chromate.  The  aq.  soln.  has  an  alkaline  reaction, 
the  yellow  crystals  are  rhombic  bipyramids  with 
the  axial  ratios  a : b : c=0-5665  : 1 : 0-7490.  The 
(OOl)-cleavage  is  marked.  The  optic  axial  angles 
found  by  G.  N.  Wyrouboff  were  2//0=73°  46'  for 
red-light,  and  76°  5'  for  green-light ; and  2 H0 
=146°  for  white  light.  The  topical  character  is 
negative.  J.  W.  Retgers,  J.  Piccard,  and  L.  Gran- 
deau  said  that  the  crystals  are  isomorphous 
with  potassium  chromate,  sulphate,  and  selenate. 

T.  V.  Barker  studied  parallel  overgrowths  on 
alkali  sulphates  and  chromates.  F.  A.  H.  Schreine- 
makers  and  H.  Filippo  found  the  percentage 
solubility,  S,  to  be  : 


According  to  J.  Piccard, 
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Fig.  45. — The  Binary  System  of 
Sulphato-  and  Chromato-glaso- 

Tliey  also  studied  the  ternary,  system  : Rb20-  ntes- 

Cr03-H20  at  30°  ; and  found  that  with  the  composition  of  the  soln.  expressed  in 
percentages  : 


CrO, 

Rb2b  . 

0 

. 60-56 

0-00 

56-82 

1 1-98 
27-99 

15-54 

28-55 

4-87 

4-00 

15-05 

3-45 

Solids 

Rb0H.2H20 

Rb2Cr03 

ltb2Cr207 

Cr03 

Rb20  . 

. 1505 

3-45 

24-92 

1-66 

14-29 

1-28 

58-69 

1-07 

63-07 

0-92 

62-28 

0 

Solids 

Rb2Cr3O10 

Rb2Cr4013 

Or03 

The  results  are  plotted  in  Fig.  46  ; where  the  solubility  curve  ah  refers  to  the 
solid  phase  Cr03  ; be,  to  Rb.,Cr4013  ; cd.  to  Rb2Cr3O10  ; de,  to  Rb.,Ci\,07  ; ef,  to 
Rb2Cr04  ; and fy,  to  Rb0H.wH20. 


Fig.  46. — Equilibrium  Diagram 
for  the  Ternary  System  : 
Rb20-Cr03-H20. 


Fig.  47. — Equilibrium  Diagram 
for  the  Ternary  System  : 
Cs,0-Cr03-H20  at  30°. 


C.  Chabrie  6 obtained  caesium  chromate,  Cs2Cr04,  by  treating  silver  chromate 
with  a boiling  soln.  of  cajsium  chloride,  and  evaporating  the  filtrate  for  crystalli- 
zation ; or  more  simply  from  an  aq.  soln.  of  chromic  acid  and  caesium  carbonate. 
According  to  F.  R.  Fraprie,  the  crystals  exist  in  two  forms.  C.  Chabrie’s  process 
furnishes  the  so-called  a-crystals  in  pale  yellow,  trigonal  prisms  with  the  axial  ratio 
a:c= 1:1-2314;  while  the  /3-crystals  form  dark  yellow,  rhombic  bipyramidal 
crystals  with  the  axial  ratios  a :b  : c=0-5640  : 1 : 0-7577,  and  which  show  twinning 
about  the  (130)-plane.  These  crystals  are  completely  isomorphous  with  the  potassium 
chromate  family— a subject  also  discussed  by  J.  W.  Retgers.  T.  V.  Barker  studied 
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parallel  overgrowths  on  alkali  sulphates  and  chromates.  F.  A.  H.  Schreine makers 
and  D.  J.  Meijeringh  observed  that  in  the  ternary  system  : Cs20-Cr03-H20  at 
30°,  the  composition  of  the  soln.  expressed  in  percentages,  is : 


Cr03 

Cs20 

0 0-119 

. 70-63  69-22 

9-662 

31-68 

13-08 

35-08 

8-98 

24-05 

2-16 

3-04 

4-57 

1*61 

Solids. 

CsOH.nHjO 

Cs2Cr04 

Cs2Cr20 

7 

Cr03 

Cs20 

. 4-57  25-59 

. 1-61  0-096 

v. — 

44-45 

313 

55-17 

3-90 

62-70 

4-35 

62-50 

2-33 

62-28 

0 

Solids. 

Cs2Cr3O]0 

Cs2Cr4013 

Cr03 

The  line  ab,  Fig.  47,  is  the  solubility  curve  with  Cr03  as  solid  phase  ; be,  with 
Cs2Cr4013  ; cd,  with  Cs2Cr3O10  ; de,  with  Cs2Cr207  ; ef,  with  Cs2Cr04  ; and  fg,  with 
Cs0H.»H20.  The  sodium  and  ammonium  salts  are  alone  hydrated  in  the  ternary 
systems  at  30°  and  the  solubilities  of  the  different  alkali  chromates  at  30°  are  : 

Li  Na  NH4  K Rb  Cs 

M,Cr04  . 49-98  46-63  28-80  39-63  44-14  47-0 

M.  Rosenfeld  7 obtained  a green  precipitate  on  adding  a soln.  of  cuprous  chloride 
in  a cone.  soln.  of  sodium  chloride  to  an  excess  of  a soln.  of  potassium  chromate. 
The  reaction  was  studied  by  H.  J.  P.  Venn  and  V.  Edge.  Complex  precipitates  are 
formed  differing  in  colour  and  constitution  according  to  the  method  of  preparation. 
The  reaction  consists  essentially  in  the  oxidation  of  the  cuprous  salt,  and  the 
formation  of  basic  compounds  whose  composition  changes  when  they  are  washed. 
The  ultimate  reactions  are  represented  bv : 3Cu2Cl2+2K2Cr04+8H20=4KCl 
+CuCl2+5Cu(OH)2+2Cr(OH)3,  and  3Cu2Cl2+K2Cr207+7H20=2KCl+2CuCl2 
+4Cu(OH)2-f-2Cr(OH)3.  Intermediate  products  are  represented  by  2CuO. 
CuC12.3H20,  and  3Cu0.CuCl2.4H20.  J.  Schulze  reported  normal  copper  chromate, 
CuCr04,  to  be  formed  when  copper  hydroxide  is  heated  with  an  excess  of  a soln. 
of  potassium  dichromate  in  a sealed  tube  at  220°.  Under  ordinary  conditions, 
J.  Schulze,  and  M.  Prud’homme'  and  F.  Binder  found  that  a boiling  soln.  of  the 
dichromate  and  copper  hydroxide  forms  a basic  chromate.  According  to  G.  Briigel- 
mann,  and  J.  C.  G.  de  Marignac,  the  spontaneous  evaporation  of  an  aq.  mixture 
of  sat.  soln.  of  copper  sulphate  and  potassium  dichromate  gives  first  a crop  of 
crystals  of  potassium  sulphate,  and  then  mixed  crystals  of  chromates  of  indefinite 
composition.  G.  Quincke  studied  the  formation  of  copper  chromate  by  the  diffusion 
of  a soln.  of  copper  sulphate  into  gelatine  containing  sodium  dichromate. 
S.  H.  C.  Briggs  obtained  normal  copper  chromate  from  a soln.  of  3 grms.  of  copper 
carbonate  with  6-9  per  cent.  CuO  in  2-4  grms.  of  chromium ’trioxide  dissolved  in 
20  c.c.  of  water,  and,  when  the  evolution  of  carbon  dioxide  has  ceased,  heated  in  a 
sealed  tube  for  2 or  3 hrs.  at  200°  ; and  also  by  boiling,  in  a vessel  fitted  with  a 
reflux  condenser,  a mixture  of  12  grms.  copper  carbonate,  21  grms.  chromium 
trioxide,  and  15  c.c.  of  water  over  an  oil-bath  ; the  product  was  washed  with  water 
and  dried  in  a desiccator.  H.  Kopp,  and  G.  C.  Gmelin  obtained  crystals  of  copper 
chromate,  isomorphous  with  pentahydrated  copper  sulphate,  from  a soln.  of  copper 
hydroxide  in  aq.  chromic  acid.  M.  Prud’homme  said  that  if  a soln.  of  chromic 
and  cupric  oxides  in  alkali-lye  be  allowed  to  stand  some  months,  it  deposits  crystals 
of  cupric  chromate.  H.  W.  Morse  studied  the  rhythmic  precipitation  of  the  chromate. 

J.  Schulze  said  that  the  crystals  are  iron-black  or  reddish-brown  with  the 
appearance  of  haematite  ; the  salt  forms  copper  chromite  at  400°.  L.  and 
P.  Wohler  found  that  decomposition  begins  at  325°;  at  340°,  the  partial  press, 
of  the  oxygen  is  417  mm.  ; and  at  380°,  over  750  mm.  No  state  of  equilibrium 
was  observed.  At  650°,  cuprous  chromite  is  formed.  J.  Schulze  said  that  cupric 
chromate  is  insoluble  in  water,  but  it  is  soluble  in  acids  including  chromic  acid. 
The  salt  is  hydrolyzed  by  boiling  water,  leaving  a basic  chromate — possibly 
3Cu0.Cr03.2H20 — as  a residue.  S.  H.  0.  Briggs  said  that  cupric  chromate  is  not 
soluble  in  a soln.  of  copper  sulphate. 
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According  to  M.  C.  Schuyten,  when  an  aq.  soln.  of  copper  sulphate  and  potassium 
dichromate  is  treated  with  ammonia,  or  if  potassium  dichromate  be  added  to  an 
ammoniacal  soln.  of  cupric  hydroxide  from  which  the  excess  of  ammonia  has  been 
removed  by  exposure  toair,  copper  tetratotriamminochromate,4CuCr04.3NH3.5H20, 
separates  as  a brown,  amorphous  powder  ; when  heated,  it  evolves  ammonia,  water, 
and  a small  quantity  of  nitrous  fumes,  but  the' whole  of  the  ammonia  and  water 
cannot  be  expelled  even  by  heating  for  a long  time  at  a high  temp.  It  dissolves  in 
hydrochloric  acid  or  ammonia,  forming  a yellow  or  a green  soln.  respectively  ; it 
is  also  easily  soluble  in  a soln.  of  silver  nitrate,  but  insoluble  in  organic  solvents. 
Alcohol  is  not  oxidized  to  aldehyde  by  boiling  with  the  hydrochloric  acid  soln. 
of  this  compound.  S.  H.  C.  Briggs  obtained  copper  hemiheptamminochromate, 
2CuCrO4.7NH3.H2O,  by  pouring  an  aq.  soln.  of  14  grms.  of  copper  carbonate  and 
25  grms.  of  chromium  trioxide  into  a mixture  of  125  c.c.  cone.  aq.  ammonia,  50  c.c. 
of  water,  and  15  grms.  of  potassium  hydroxide  and  allowing  it  to  stand  exposed 
to  air.  The  greenish-black  crystals  lose  ammonia  at  ordinary  temp.  ; they  are 
decomposed  by  water  ; and  are  soluble  in  dil.  aq.  ammonia.  N.  Parravano  and 

A.  Pasta  prepared  copper  tetramminochromate,  CuCr04.4NH3,  by  adding  alcohol 
to  a soln.  of  copper  tetrapyradinochloride  in  aq.  ammonia  ; the  green  prismatic 
crystals  are  decomposed  by  water. 

L.  N.  Vauquelin  said  that  when  potassium  “ chromate  ” is  added  to  a soln. 
of  a neutral  copper  salt,  a chestnut-brown  precipitate  is  produced,  which,  according 
C.  Gerhardt,  and  C.  Freese,  consists  of  K20.3Cu0.3Cr03.2H20,  or,  according  to 
M.  Groger,  KCu2(0H)(Cr04)2.H20,  and  which,  according  to  G.  C.  Gmelin,  furnishes 
potassium  dichromate  when  treated  with  boiling  water.  A.  Bensch  noticed  that 
when  potassium  chromate  is  added  to  a boiling,  aq.  soln.  of  copper  sulphate,  the 
blue  colour  changes  from  green  to  yellow  to  red,  and  then  a brown  precipitate  forms. 

B.  Skormin  obtained  copper  trioxychromate,  3Cu0.CuCr04.3H20,  by  the  action 
of  an  alkaline  soln.  of  an  excess  of  potassium  chromate  on  a soln.  of  copper  sulphate. 
F.  J.  Malaguti  and  M.  Sarzeau  said  that  after  repeated  extraction  with  boiling  water, 
there  remains— according  to  the  analyses  of  F.  J.  Malaguti  and  M.  Sarzeau,  J.  Persoz, 

C.  Freese,  J.  Schulze,  L.  Balbiano,  M.  Groger,  and  M.  Rosenfeld — copper  dioxy- 
chromate,  3Cu0.Cr03.2H20,  or  2Cu(0H)2.CuCr04 ; and,  added  M.  Groger,  the 
same  product  is  obtained  whether  the  potassium  chromate  or  the  copper  salt  be 
in  excess.  This  salt  was  also  prepared  by  B.  Skormin.  According  to  M.  Rosenfeld, 
this  compound  is  formed  when  potassium  chromate  is  added  to  a soln.  of  copper 
sulphate  ; although  the  colour  of  the  substance  varies  with  the  temp,  and  cone, 
of  the  soln.  its  composition  is  constant.  The  same  salt  is  formed  by  digesting  freshly 
precipitated  copper  hydroxide  with  a soln.  of  potassium  dichromate,  but  in  this 
case  it  is  mixed  with  crystals  of  potassium  dichromate.  M.  Groger  said  that 
the  amorphous  rust-brown  precipitate,  obtained  by  mixing  aq.  soln.  of  copper 
sulphate  and  potassium  chromate,  becomes  crystalline  when  left  in  contact  with 
excess  of  the  copper  salt  soln.  The  precipitate  is  basic  potassium  cupric  sulphato- 
chromate,  the  proportion  of  sulphate  present  depending  on  the  cone,  of  the  copper 
salt  soln.  and  the  duration  of  its  contact  with  the  precipitate.  The- double  salt  is 
rapidly  decomposed  either  by  boiling  water  or  by  fusion,  but  without  forming 
potassium  chromate.  The  same  precipitate  is  obtained  on  adding  potassium 
hydroxide  to  the  mixture  of  cupric  sulphate  and  potassium  dichromate  in  aq.  soln. 
as  indicated  by  A.  Knopp.  M.  Groger  also  said  that  the  addition  of  sodium  chromate 
to  an  aq.  soln.  of  copper  chloride  results  in  the  formation  of  a greenish-yellow 
precipitate  which,  when  left  in  the  mother-liquor,  gradually  assumes  a bright 
rusty-brown  colour,  but  does  not  become  crystalline.  The  greenish-yellow  sub- 
stance is  the  basic  cupric  chromate,  2Cu(0H)2,CuCr04  ; the  rusty-brown  precipitate 
contains  a larger  proportion  of  chromic  acid,  which  is  removed  by  washing  with 
water,  the  greenish-yellow  salt  being  regenerated.  According  to  L.  Balbiano, 
a soln.  of  cupric  sulphate  is  not  completely  precipitated  by  neutral  ammonium 
chromate,  the  complete  precipitation  only  being  effected  by  the  addition  of  ammonia. 
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Both  the  precipitate  first  produced  by  the  ammonium  chromate  and  that  by  the 
later  addition  of  the  ammonia  have  the  same  composition,  2Cu0.CuCr04.2H20. 
If  the  aq.  soln.  be  evaporated  on  the  water-bath,  an  amorphous  mass  is  formed. 
Alcohol  precipitates  from  the  aq.  soln.  a dirty  green  precipitate,  and  is  at  the  same 
time  oxidized  to  acetic  acid.  In  repeating  L.  Balbiano’s  experiments,  M.  Groger 
observed  that  the  original  precipitate  contains  ammonium,  and  this  salt  furnishes 
the  basic  salt,  2Cu(0H)2.CuCr04,  by  washing  with  boiling  water.  A.  Yiefhaus 
obtained  the  same  basic  salt  by  digesting  barium  chromate  with  an  aq.  soln.  of 
copper  sulphate  for  3 days  at  30°  to  35°  ; C.  Freese,  and  M.  Rosenfeld,  by  treating 
copper  oxide  or  hydroxide  with  a boiling  soln.  of  potassium  dichromate,  and 
extracting  the  product  with  boiling  water  ; C.  Freese,  and  R.  Bottger,  similarly 
treated  copper  carbonate  with  an  aq.  soln.  of  chromic  acid.  J.  Schulze  obtained 
this  basic  salt  by  the  action  of  boiling  water  on  copper  chromate  ; and  F.  Droge, 
by  the  action  of  boiling  water  on  copper  decamminodioxychromate.  The  dark 
brown  flocculent  precipitate  dries  at  100°  to  a dark  brown,  almost  black,  amorphous 
powder.  J.  Persoz  said  that  it  loses  no  water  at  170°,  but  decomposes  at  a red- 
heat.  F.  J.  Malaguti  and  M.  Sarzeau  said  that  it  is  soluble  in  dil.  nitric  acid,  and 
in  aq.  ammonia.  G.  Gore  observed  that  it  is  insoluble  in  liquid  ammonia  ; 
R.  Bottger,  that  it  is  decomposed  by  alkali-lye  forming  copper  oxide  ; J.  W.  Slater, 
that  when  boiled  with  phosphorus,  it  forms  copper,  copper  phosphide  and  phosphate, 
chromic  phosphate,  and  phosphorus  and  phosphoric  acids.  R.  Otto  recommended 
its  use  in  the  determination  of  sulphur  in  organic  analyses. 

According  to  H.  Moser,  potassium  dichromate  does  not  give  a precipitate  with 
an  aq.  soln.  of  a copper  salt ; but,  added  W.  E.  Garrigues,  if  an  excess  of  ammonia 
or,  according  to  A.  Kopp,  and  M.  Rosenfeld,  if  sufficient  potassium  hydroxide  be 
present  to  transform  the  dichromate  into  monochromate,  a precipitate  is  formed 
which  may  be  reddish-brown,  greenish-yellow,  green,  or  blue  according  to  the 
proportion  of  alkali  employed — the  blue  precipitate  is  copper  hydroxide. 

M.  Rosenfeld  supposed  that  the  yellow  precipitate  just  indicated  is  a basic  salt  copper 
pentoxyb i schromate , 7Cu0.2Cr03.5H20  ; and  the  green  precipitate,  which  changes  to 
brown  on  drying,  basic  copper  haxoxychromate,  7Cu0.Cr03.5H20 — probably  both  basic 
salts  are  mixtures  of  copper  hydroxide  and  the  dioxychromate.  The  green-coloured 
substance  prepared  by  C.  W.  Juch  by  the  action  of  2 parts  of  potassium  carbonate  and  one 
part  of  calcium  carbonate  on  a soln.  of  48  parts  of  copper  sulphate  and  2 parts  of  potassium 
dichromate  ; and  that  obtained  by  T.  Leykauf  by  the  action  of  ammonia  on  a soln.  of  2 
parts  of  copper  sulphate  and  one  part  of  potassium  dichromate  are  also  mixtures. 

According  to  M.  Vuaflart,  if  copper  chromate  be  treated  with  aq.  ammonia, 
the  dark  green  soln.  does  not  decolorize  on  exposure  to  light,  and  if  evaporated, 
or  cautiously  treated  with  acids,  the  original  chromate  is  restored.  R.  Bottger 
added  that  if  the  green  soln.  be  covered  with  alcohol,  it  deposits  a dark  green 
powder,  which,  after  washing  with  alcohol,  furnishes,  according  to  the  analysis 
of  F.  J.  Malaguti  and  M.  Sarzeau,  copper  decamminomonoxybischromate, 
Cu0.2CuCr04.10NH3.2H20.  The  salt  was  also  prepared  by  A.  Kopp.  The 
powder  consists  of  dark  green,  acicular  crystals,  which  lose  ammonia  in  air  ; 
and  when  heated  decompose  with  a feeble  detonation.  The  salt  is  decomposed 
by  water.  According  to  P.  A.  Bolley,  F.  Droge,  W.  Grime,  J.  Stinde,  and 
I.  C.  Zimmermann,  the  green  soln.  was  formerly  used  in  dyeing. 

M.  Groger  could  not  isolate  ammonium  copper  chromate  of  definite  composition; 
the  precipitate  obtained  by  treating  copper  chloride  with  ammonium  chromate,  is 
readily  transformed  into  copper  oxychromate.  S.  H.  C.  Briggs,  and  M.  Groger 
obtained  ammonium  copper  diamminochromate,  (NH4)2Cr04.CuCr04.2NH3,  by 
the  action  of  cupric  chloride  on  a soln.  of  ammonium  chromate  containing  an  excess 
of  ammonia  ; or  of  a soln.  of  copper  carbonate  in  chromic  acid  on  cone.  aq.  ammonia. 
The  dark  green  crystals  lose  water  and  ammonia  at  200°.  The  salt  is  hydrolyzed 
by  water.  M.  Groger  mixed  2 vols.  of  a soln.  of  85-3  grms.  of  CuCl2.2H20  in  a 
litre  of  water  with  one  vol.  of  a soln.  of  97-2  grms.  of  potassium  chromate  in  a litre 
of  water.  After  standing  4 days,  at  room  temp.,  the  precipitate  was  washed  with 
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cold  water  by  suction,  and  dried  at  100°.  The  brownish-red  powder  consists  of 
microscopic,  four-sided,  prismatic  crystals  of  potassium  copper  oxyquadrichromate, 
K20.4Cu0.4Cr03.3H20,  or  K(0H)Cu2(Cr04)2.H20.  It  is  rapidly  decomposed  by 
boiling  water.  A.  Knop  reported  potassium  copper  oxytrischromate, 
K20.3Cu0.3Cr03.2H20,  to  be  formed  by  the  action  of  a soln.  of  potassium  di- 
chromate on  freshly  precipitated  copper  hydroxide,  or  by  gradually  adding  a soln. 
of  potassium  hydroxide  to  a mixed  soln.  of  copper  sulphate  and  potassium 
dichromate.  The  salt  was  also  prepared  by  B.  Skormin.  M.  Rosenfeld  supposed 
that  this  product  is  impure  copper  dioxychromate,  and  M.  Groger,  impure  potassium 
copper  oxyquadrichromate.  C.  Gerhardt,  and  C.  Freese  supposed  the  precipitate 
produced  by  potassium  chromate  in  a cold  soln.  of  copper  sulphate  to  be  potassium 
copper  oxytrischromate.  The  pale  brown  powder  consists  of  microscopic,  six-sided 
plates.  The  salt  loses  water  when  heated.  Boiling  water  extracts  potassium 
dichromate.  The  salt  is  soluble  in  a soln.  of  ammonia  and  ammonium  carbonate. 
F.  Rose,  S.  Tschelnitz,  J.  G.  Gentele,  and  G.  Zerr  and  G.  Riibencamp  mentioned  the 
use  of  the  basic  chromate  as  a reddish-brown  pigment  under  the  name  chrome  hrown. 

According  to  S.  H.  C.  Briggs,  potassium  copper  diamminochromate, 
K2CrO4.CuCrO4.2NH3,  crystallizes  out  when  an  ammoniacal  soln.  of  copper  chromate 
to  which  a large  proportion  of  potassium  chromate  has  been  added,  is  allowed  to 
lose  its  free  ammonia  by  exposure  to  air.  The  crystals  were  washed  by  decantation 
writh  the  mother-liquid,  then  with  dil.  ammonia,  and  finally  with  alcohol  and  ether. 
It  is  slowly  decomposed  at  250°,  rapidly  at  280°  ; it  is  decomposed  by  water  ; and 
is  soluble  in  aq.  ammonia.  M.  Prud’homme  added  a cupric  salt  to  a mixture  of 
sodium  hydroxide  and  chromate,  and  obtained  a yellowish-green  soln.  of  sodium 
copper  chromate.  A similar  soln.  is  produced  by  boiling  an  excess  of  copper  oxide 
with  a soln.  of  chromic  oxide  in  soda-lye. 

According  to  F.  Wohler  and  F.  Rautenberg,8  silver  chromate  can  be  reduced 
to  silver  svbchromale,  possibly  Ag4Cr04,  at  ordinary  temp.  The  black  powder 
always  contains  some  metal ; the  reduction  to  silver  is  completed  at  50°.  The 
subchromate  is  coloured  red  by  nitric  acid  and  then  dissolved  ; and  with  dil.  acids 
a green  soln.  is  formed.  W.  Muthmann  showed  that  the  alleged  subchromate  is  a 
mixture  of  ordinary  silver  chromate  and  silver. 

L.  N.  Vauquelin  9 obtained  silver  chromate,  Ag2Cr04,  by  dropping  a dil.  soln. 
of  potassium  chromate  into  a cone.  soln.  of  silver  nitrate,  and  washing  the  dark 
reddish-brown  precipitate — if  the  silver  nitrate  soln.  be  dropped  into  the  chromate 
soln.,  the  precipitate  is  orange-red,  and  is  contaminated  with  the  potassium  salt, 
which  is  very  difficult  to  remove  by  washing.  N.  W.  Fischer  found  that  silver  oxide 
abstracts  chromic  acid  from  a soln.  of  potassium  chromate  leaving  the  liquid  alkaline, 
but  a large  excess  of  the  oxide  does  not  remove  all  the  chromic  acid  except  when 
added  in  the  form  of  its  ammoniacal  soln.  J.  Milbauer  obtained  a 10  per  cent,  con- 
version to  chromate  when  a mixture  of  silver  carbonate  or  oxide  and  chromic  oxide 
is  heated  to  480°  in  oxygen  at  12  atm.  press.  C.  Freese  obtained  silver  chromate 
by  boiling  silver  oxide  for  some  days  with  a soln.  of  potassium  chromate  or 
dichromate.  I.  Guareschi  obtained  silver  chromate  by  the  action  of  a cone.  soln. 
of  chromic  acid  on  silver  bromide  ; and  M.  Groger,  by  the  action  of  water  on 
ammonium  silver  chromate.  R.  Warington  found  that  when  silver  dichromate  is 
boiled  with  water  it  forms  silver  chromate  ; according  to  E.  Jager  and  G.  Kriiss, 
and  B.  M.  Margosches,  the  boiling  should  be  continued  as  long  as  anything  passes 
into  soln.  R.  Warington  also  found  that  when  an  ammoniacal  soln.  of  silver 
dichromate  is  evaporated  spontaneously,  a greenish  crust  of  the  monochromate  is 
formed.  F.  A.  Gooch  and  R.  S.  Bosworth  showed  that  silver  is  precipitated 
quantitatively  as  chromate  by  adding  an  excess  of  potassium  chromate  to  a soln. 
of  silver  nitrate.  The  chromate  can  be  purified  by  dissolving  it  in  aq.  ammonia, 
and  reprecipitating  it  by  boiling  the  soln.  G.  P.  Baxter  and  co-workers  described 
the  preparation  of  the  salt,  and  added  that  it  can  be  dried  by  heating  it  for  2 hrs. 
at  225°  in  a current  of  dry  air.  According  to  A.  Lottermoser,  by  adding  ~ 2V-AgN03 
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to  an  excess  of  “iV-Cr03,  colloidal  silver  chromate  is  produced ; the  hydrosol  soon 
becomes  turbid.  The  Chemische  Fabrik  von  Heyden  reported  that  if  silver  chromate 
be  formed  in  the  presence  of  proteins  as  protective  colloid,  and  the  soln.  dialyzed, 
or  precipitated  by  the  addition  of  an  acid,  and  afterwards  peptized  by  dil.  alkali-lye, 
the  hydrosol  is  stable.  N.  R.  Dhar  and  A.  C.  Chatterji  found  silver  chromate  is 
not  peptized  by  cone.  soln.  of  cane-sugar  ; and  N.  R.  Dhar  and  S.  Ghosh  that  it  is 
peptized  by  ammonium  nitrate.  N.  R.  Dhar  and  A.  C.  Chatterji  studied  the 
adsorption  of  silver  ions  by  silver  chromate.  According  to  F.  Kohler,  when  silver 
nitrate  and  ammonium  dichromate  react  as  a result  of  the  diffusion  which  takes 
place  when  an  aq.  soln.  of  the  one  salt  is  placed  in  contact  with  a gelatinized  soln. 
of  the  other,  precipitation  rings  are  formed  which  exhibit  rhythmic  character. 
When  the  ammonium  salt  is  contained  in  the  gelatin  layer  the  ring  formation  varies 
with  the  cone,  of  the  dichromate.  At  low  concentrations,  the  rings  are  only  partly 
developed,  and  at  high  concentrations  they  are  blurred,  but  over  an  intermediate 
range  the  ring  system  is  well  developed.  If  the  gelatin  layer  contains  the  silver 
salt,  similar  results  are  obtained,  except  that  no  rings  are  formed  when  the  cone, 
is  small.  The  cone,  of  the  gelatin  also  affects  the  ring  formation  in  the  sense  that 
with  increasing  cone,  the  rings  become  less  well  defined.  It  seems  probable  that 
rhythmic  precipitation  phenomena  in  gelatin-water  systems  are  dependent  on  the 
existence  of  a more  or  less  definite  relation  between  the  velocities  of  diffusion  of 
the  reacting  substances  .and  the  velocity  of  crystallization  of  the  products  of  the 
reaction.  In  the  rhythmical  precipitation  of  silver  chromate  by  means  of  ammonium 
dichromate  the  small  crystals  of  ammonium  nitrate  which  also  separate  rhythmically 
are  coloured  by  silver  chromate,  being  yellowish-green  to  red,  according  to  the  cone. 
Similar  coloured  crystals  are  obtained  when  a soln.  of  ammonium  nitrate  containing 
a little  ammonium  dichromate  is  mixed  with  a drop  of  silver  nitrate  and  allowed 
to  evaporate  on  a glass  slide.  Exactly  similar  crystals  are  obtained  when  potas- 
sium dichromate  is  used.  N.  R.  Dhar  and  co-workers  supposed  that  the  rings  are 
produced  by  the  coagulation  of  peptized  silver  chromate.  The  subject  was  studied 
by  H.  Bechold,  H.  N.  Holmes,  E.  Hatschek,  R.  E.  Liesegang,  N.  R.  Dhar  and 

A.  C.  Chatterji,  K.  C.  Sen  and  N.  R.  Dhar,  A.  M.  W.  Williams  and  M.  R.  MacKenzie, 
T.  R.  Bolam  and  M.  R.  Mackenzie,  G.  Linck,  B.  Kisch,  M.  S.  Dunin  and 
F.  M.  Schemjakin,  E.  C.  H.  Davies,  A.  Janek,  A.  Steopoe,  M.  Storz, 
C.  K.  Jablcznysky  and  A.  Klein,  C.  K.  Jablczynsky,  F.  G.  Toyhorn  and  S.  C.  Black- 
tin,  P.  B.  Ganguly,  R.  Fricke,  W.  Ostwald,  F.  Kohler,  H.  McGuigan,  E.  R.  Riegel 
and  M.  C.  Reinhard,  T.  R.  Bolam  and  B.  N.  Desal,  S.  S.  Bhatnagar  and  J.  L.  Sehgal, 
L.  N.  Mukherjee  and  A.  C.  Chatterji,  F.  M.  Shemjakin,  H.  Westerhoff,  F.  Pannach, 
H.  W.  Morse,  W.  W.  Siebert,  D.  N.  Ghosh,  and  S.  Hedges  *and  R.  V.  Henley. 

Silver  chromate  varies  in  colour  according  to  the  mode  of  preparation,  and  it  is 
described  as  forming  tabular  or  acicular  crystals  or  a dark  green  or  purple-red 
crystalline  powder.  R.  Hunt  thought  that  the  variations  in  colour  depended  on  the 
exposure  of  the  potassium  dichromate  soln.  to  light,  for  he  said  that  the  chromate 
produced  by  the  actinized  soln.  has  a “ much  more  beautiful  colour  ” than  when 
produced  by  a soln.  of  dichromate  which  had  not  been  exposed  to  light.  F.  Bush 
showed  that  there  is  no  difference  in  the  colour  of  silver  chromate  derived  from 
insolated  and  non-insolated  Soln.  of  potassium  dichromate,  but  that  the  rate  of 
the  mixing  of  the  soln.  determines  the  difference  in  the  colour  and  the  physical 
characteristics  of  the  resulting  silver  chromate.  C.  Freese,  W.  Autenrieth,  and 

B.  M.  Margosches  found  that  the  red  variety  is  produced  by  precipitation  from  a 
silver  salt  with  a chromate  or  dichromate  if  the  silver  is  in  excess.  The  result  is 
not  affected  by  temp.  On  the  other  hand,  when  silver  dichromate  is  decomposed 
by  cold  or  hot  water,  or  when  a soln.  of  silver  chromate  or  dichromate  is  evaporated, 
R.  Warington,  E.  Jager  and  G.  Kriiss,  W.  Autenrieth,  and  B.  M.  Margosches 
observed  that  green  crystals  are  produced.  It  has  therefore  been  suggested  that 
silver  chromate  exists  in  two  forms  : (i)  red — varying  from  orange  to  deep  reddish- 
brown  ; and  (ii)  green — varying  from  dark  green  to  greenish-black,  but  red  in 
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transmitted  light,  or  in  the  powdered  form.  It  has  not  been  proved  whether  this 
is  a case  of  polymorphism,  or  whether  the  effect  is  produced  by  the  varying  sizes 
of  the  crystalline  granules.  F.  Kohler  said  that  both  silver  chromate  and 
dichromate  can  take  small  quantities  of  ammonium  or  potassium  nitrate  into  solid 
soln.  The  colour  of  pure  silver  chromate  is  always  greenish-black,  and  the  red 
substance  supposed  to  be  a separate  modification  is  really  a mixture  of  silver 
chromate  and  a solid  soln.  of  that  salt  with  nitrates.  M.  Copisarow  observed  that 
tree-like,  dendritic  forms  are  produced  when  the  precipitate  is  slowly  formed. 
According  to  J.  W.  Retgers,  and  W.  Autenrie'th,  the  red  crystals  are  rhombic 
with  a pleochroism — pale  reddish-brown,  and  brownish-black— they  are  not 
isomorphous  with  silver  sulphate  but  may  be  so  with  sodium  sulphate. 

H.  G.  F.  Schroder  gave  5-536  for  the  sp.  gr.  of  green  silver  chromate,  and  5-523 
for  that  of  the  red  variety  ; and  G.  P.  Baxter  and  co-workers  gave  5-625  at  25°/4°, 
for  the  red  crystals ; M.  L.  Dundon,  5-52,  and  the  mol.  vol.  60-1  at  26°. 
M.  L.  Dundon  gave  2 for  the  hardness,  and  575  ergs  per  sq.  cm.  for  the  surface  energy 
at  the  interface  of  the  solid  and  water  at  26°.  According  to  L.  N.  Vauquelin,  silver 
chromate  melts  in  the  oxidizing  flame  of  the  blowpipe  ; and  in  the  inner  flame,  it 
is  reduced  to  silver  and  chromic  oxide.  F.  Kohlrausch  gave  for  the  sp.  electrical 
conductivity  of  sat.  soln.  of  silver  chromate  : 

0-26°  14-82°  18°  30-76°  37-30°  75° 

Conductivity  . 0-0,667  0-041561  0-0,186  0-0,350  0-0,460  (0-0,160)  inho. 

T.  R.  Bolam  and  M.  R.  MacKenzie  found  the  sp.  conductivity  of  soln.  of  silver 
chromate  and  gelatine  to  be  : 

Ag2CrO,  . 0-00333.ZV-  0-00250 N-  0-00125 N-  0-00236 N-  0-001 18.W-  0-00162AT- 

Mho  X 10_ 3 . 0-8341  0-6841  0-4636  0-5916  1-3703  0-4207 

Gelatine  . 3 3 3 1-59  1-59  0-07  per  cent. 

The  conductivities  are  slightly  smaller  when  the  gelatine  is  set  than  when  it  is 
liquid.  The  electromotive  force  of  cells  with  Ag  | 0-1 2V-AgN03, 102V-NH4NO3,  x | Ag, 
is  0-1483  volt  when  a:  is  a sat.  soln.  of  Ag2Cr04 ; 0-1469  volt  with  the  same  soln.  with 
0-01NaNO3 ; and  0-2247  volt  with  the  salt.  soln.  of  silver  chromate  plus  0-1  Y-K2Cr04. 

For  the  reducing  action  of  hydrogen,  vide  supra.  Silver  chromate  is  very 
sparingly  soluble  in  ammonia.  Expressing  the  solubilities,  5,  in  milligrams  of  silver 
chromate  per  100  grms.  of  water,  F.  Kohlrausch  gave  5=2-52  at  18°,  from  the 
electrical  conductivity  ; G.  S.  Whitby,  $=2-56  at  18°,  from  colorimetric  obser- 
vations ; R.  Abegg  and  A.  J.  Cox,  5 = 2-0  at  25°,  from  potential  measurements; 
R.  Abegg  and  H.  Schafer,  5= 2-9  at  25°,  from  the  equilibrium  of  silver  chromate 
and  dichromate  ; M.  S.  Sherrill,  ,8=4-1  at  25°,  from  the  solubility  of  silver  chromate 
in  ammonia ; G.  S.‘  Whitby,  $=3-41  at  27°,  from  colorimetric  observations  ; 
0.  Hahnel,  $=5-4  at  35°,  from  the  equilibrium  with  silver  iodate  and  chromate  : 

G.  S.  Whitby,  5=5-34  at  50°,  from  colorimetric  observations  ; and  R.  F.  Carpenter 
obtained  5=4-1  at  100°.  Other  observations  were  made  by  L.  L.  de  Koninck  and 
E.  Nihoul,  G.  Meinecke,  W.  G.  Young,  and  R.  F.  Carpenter.  R.  Abegg  and 

H.  Schafer  obtained  for  the  solubility  product  [Ag‘]2[Cr04']  = 2-64x  10— 12  at  25°, 
from  the  equilibrium  between  silver  chromate  and  dichromate.  M.  S.  Sherrill 
calculated  9xl0-12  at  25°,  from  the  solubility  of  silver  chromate  in  ammonia  ; and 
0.  Hahnel,  17-7  X 10-12  at  35°,  from  the  equilibrium  in  the  reaction  2AgI03,+Cr04" 
=Ag2Cr04+2I03'.  B.  M.  Margosches  found  that  the  solubility  is  diminished  by 
the  presence  of  Ag'-ions,  or  CrO^'-ions,  but  in  a cone.  soln.  of  potassium  chromate 
the  solubility  is  increased.  The  solubility  in  acids  is  dependent  on  the  grain-size 
and  of  the  presence  of  silver  chromate.  M.  L.  Dundon  observed  a 10  per  cent, 
increase  in  the  solubility  when  the  particles  are  reduced  to  0-3|U  diameter.  J.  Krut- 
wig  found  that  chlorine  liberates  oxygen  from  silver  chromate  at  200°,  forming  silver 
chloride  and  small  red  crystals  of  chromium  trioxide.  The  relatively  great  solubility 
of  silver  chromate  with  respect  to  the  chloride  explains  its. use  as  an  indicator  in  the 
titration  of  chlorides  by  a silver  salt ; so  long  as  an  appreciable  amount  of  chloride 
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is  present,  silver  chromate  is  converted  into  chloride,  but  as  soon  as  the  chloride 
is  all  consumed,  the  dark  red  colour  of  silver  chromate  appears.  According  to 
A.  A.  Hayes,  silver  chromate  is  decomposed  by  hydrochloric  acid  and  soluble 
chlorides,  and  L.  L.  de  Koninck  and  E.  Nihoul  said  that  the  decomposition  of  the 
chromate  by  chlorides,  bromides,  and  iodides  is  quantitative.  B.  M.  Margosches 
found  that  the  reaction  with  the  alkali  halides  is  fast  only  with  freshly  precipitated 
silver  chromate.  E.  Ramann  and  H.  Sallinger  studied  the  system : K2Cr04 
+AgI03^KI03-|-Ag2Cr04.  W.  R.  Hodgkinson  and  J.  Young  studied  the  reduc- 
tion of  the  salt  by  dry  sulphur  dioxide.  A.  A.  Hayes  found  that  the  chromate 
is  decomposed  by  soln.  of  sulphates.  E.  C.  Franklin  and  C.  A.  Kraus  said  that 
silver  chromate  is  insoluble  in  liquid  ammonia.  The  chromate  is  slowly  dissolved 
by  cold,  dil.,  aq.  ammonia,  and  rapidly  by  hot,  cone.,  aq.  ammonia.  The  solubility 
of  the  chromate  in  aq.  ammonia  was  measured  by  M.  S.  Sherrill,  and  the  results 
expressed  in  S mols  per  litre  : 

NH4OH  . 001  002  0-04  008 

S . . 2 04  4-169  8-595  17-58 

The  increased  solubility  with  ammonia  is  attributed  to  the  formation  of  the  soluble 
complex  Ag(NH3)2Cr04.  E.  Mitscherlich,  G.  Meinecke,  and  B.  M.  Margosches 
obtained  from  the  soln.  in  cone,  aqua  ammonia  yellow  tetragonal  crystals  of  silver 
tetramminochromate,  Ag2Cr04.4NH3,  with  the  axial  ratio  a : c=l  : 0-5478. 
H.  Topsoe  gave  2-717  for  the  sp.  gr.  M.  S.  Sherrill’s  results  are  as  follows  : 


hno3 

. 0-01 

0-02 

0-04 

0-075 

[Ag'JxlO3  . 

. 5-808 

7-488 

10-02 

12-41 

[HCr(Y]  X 10s  . 

[Cr20/]  X 103 

. 2-245 

2-775 

3-530 

4-220 

. 0-3775 

0-577 

0-935 

1-333 

The  tetramminochromate  in  air  loses  ammonia  more  rapidly  than  the  selenate, 
and  potash-lye  precipitates  fulminating  silver  from  the  aq.  soln. 

B.  M.  Margosches  found  that  the  solubility  of  silver  chromate  in  nitric  acid 
depends  on  the  age  of  the  salt.  L.  L.  de  Koninck  and  E.  Nihoul  measured  the 
solubility  of  the  chromate  in  nitric  acid  ; and  R.  F.  Carpenter,  the  solubility  in  soln. 
of  the  nitrates.  M.  S.  Sherrill  and  D.  E.  Russ  said  that  soln.  containing  more  than 
U-075Y-HNO3  form  silver  dichromate  ; while  F.  A.  Gooch  and-  R.  S.  Bosworth 
said  that  the  chromate  is  insoluble  in  dil.  nitric  acid  in  the  presence  of  enough 
potassium  chromate  to  form  with  the  nitric  acid,  dichromate  and  nitrate  ; silver 
chromate  is  also  said  to  be  insoluble  in  a soln.  of  sodium  nitrate.  F.  A.  Gooch 
and  L.  H.  Weed  also  found  the  chromate  insoluble  in  a soln.  of  silver  nitrate ; 
aq.  soln.  containing  3-24  grms.  of  the  salt  named  per  100  c.c.  were  found  to  dissolve 
at  100°  the  following  amounts  : 

Water  NaNOa  KN03  NH4NOs  MgN03 

Ag2Cr04  0-00415  0-00415  0-0124  0-0207  0-0166 

B.  M.  Margosches  said  that  silver  chromate  is  practically  insoluble  in  a soln.  of 
silver  nitrate,  whilst  sodium  phosphate  soln.  form  silver  phosphate.  Silver  chromate 
is  practically  insoluble  in  cone,  acetic  acid,  but  some  is  dissolved  by  dil.  acetic  acid. 
A soln.  of  potassium  chromate  also  dissolves  a little  silver  chromate.  A.  Jaques 
studied  the  reaction  with  ethyl  bromide.  B.  Guerini  found  that  11-65  per  cent, 
alcohol  dissolves  0-0129  grm.  of  silver  chromate  at  ordinary  temp.  According 
to  L.  N.  Vauquelin,  several  metals  immersed  in  water  and  in  contact  with  silver 
chromate  exert  a reducing  action  ; and  N.  W.  Fischer  said  that  cadmium  separates 
silver  ; zinc  separates  brownish-black,  arborescent  silver  ; tin,  lead,  and  iron,  a 
brown  spongy  mass  ; arsenic,  a brown  powder  ; copper,  and  mercury  have  a feeble 
action  ; and  antimony,  none.  The  precipitates  may  be  contaminated  with  green 
chromic  oxide  ; and  the  liquid  may  acquire  a yellow  tinge  from  the  presence  of 
chromic  acid.  With  an  ammoniacal  soln.  of  silver  chromate,  zinc  is  said  to  pre- 
cipitate silver  and  chromium  ; cadmium,  silver  ; copper,  a grey  powder  ; lead,  silver  ; 
while  tin,  iron,  and  antimony  give  no  precipitation.  C.  Freese  observed  that  a soln. 
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of  potassium  hydroxide  extracts  all  the  chromic  acid  from  silver  chromate. 
J.  F.  G.  Hicks  and  W.  A.  Craig  found  that  silver  chromate  undergoes  a reaction 
with  an  equimolar  mixture  of  fused  potassium  and  sodium  nitrates  at  about  240°, 
forming  basic  chromate  analogous  to  a hydrolytic  reaction.  A state  of  equilibrium 
is  established  ; but  with  fused  sodium  chloride,  at  about  870°,  the  reaction  is 
complete.  P.  Ray  and  J.  Dasgupta  prepared  a complex  with  hexamethylene- 
tetramine. S.  J.  Thugutt  found  that  aragonite  is  coloured  red  whilst  calcite  is 
not  changed  when  the  minerals  are  treated  with  0-lAr-AgNO3,  and  afterwards 
wetted  with  a 20  per  cent.  soln.  of  potassium  dichromate. 

M.  Groger  obtained  a precipitate  by  the  action  of  an  almost  sat.  soln.  of  potas- 
sium chromate  on  silver  nitrate.  The  precipitate  contained  potassium  and  silver 
chromates,  but  he  could  not  decide  whether  these  were  mechanically  mixed  or 
combined  as  potassium  silver  chromate.  M.  Groger  prepared  ammonium  silver 
Chromate,  (NH4)2Cr04.3Ag2Cr04,  by  dropping  a cone.  soln.  of  silver  nitrate  into  a 
cold,  sat.  soln.  in  ammonium  chromate,  and  allowing  the  mixture  to  stand  for  some 
weeks  ; he  also  obtained  the  same  salt  by  the  action  of  silver  nitrate  on  an 
ammoniacal  soln.  of  ammonium  chromate.  The  garnet-red  powder  or  hexagonal 
crystals  are  decomposed  by  heat,  and  by  water. 

N.  A.  Orloff 10  prepared  an  orange-coloured  soln.  of  gold  chromate,  Au2(Cr04)3, 
by  adding  a soln.  of  auric  chloride  to  an  excess  of  freshly  precipitated  silver  chromate, 
and  filtering  off  the  silver  chloride.  If  the  cone.  soln.  be  evaporated  in  a desiccator, 
crystals  with  the  composition  Au2(Cr04)3.Cr03  are  formed. 

In  the  extraction  of  chromium  by  the  calcination  of  a mixture  of  chromite  and 
limestone,  calcium  chromate,  CaCr04,  is  formed  as  an  intermediate  product — vide 
supra.  J.  Milbauer  observed  a 56-9  per  cent,  conversion  to  chromate  when  a 
mixture  of  chromic  oxide  and  calcium  oxide  or  carbonate  is  heated  to  480°  in  oxygen 
at  12  atm.  press.  M.  R.  Nayer  11  and  co-workers  found  that  calcium  and  chromic 
oxides  begin  to  interact  in.  the  presence  of  air  to  form  calcium  chromate  at  650°  ; 
at  700°,  a 95  per  cent,  yield  of  chromate  is  obtained  with  mixtures  containing  2 
equivalents  of  calcium  oxide  to  1 of  chromic  oxide  and  a 60  per  cent,  yield  when 
the  ratio  is  1 : 1.  In  the  presence  of  excess  of  calcium  oxide,  equilibrium  is  attained 
at  about  800°,  although  pure  calcium  chromate  does  not  begin  to  decompose  until 
1000°  is  reached.  A mixture  of  calcium  oxide,  sodium  carbonate,  and  chromium 
trioxide  (1-7  : 0-65  : 1)  gave  a quantitative  yield  of  chromate  in  4 hrs.  at  660°  and 
in  5 minutes  at  1050°.  K.  Herrmann  and  co-workers  found  that  the  crystals  are 
rhombic  bipyramids  and  that  the  crystal  unit  contains  4 mols,  and  has  a=7-45  A., 
6=10-3  A.,  and  c=5-85  A.  When  calcium  chromate  is  decomposed  by  heat  no 
basic  salts  are  formed.  As  shown  by  T.  Thomson,  and  H.  Moser,  a soln.  of  calcium 
chloride  slowly  forms  a precipitate  when  treated 
with  potassium  dichromate  ; as  shown  by  j.  F.  Bahr, 
the  precipitate  varies  in  composition,  according  to 
the  conditions,  from  CaCr04  to  5CaCr04.K2Cr04. 

If  free  acetic  acid  be  present,  H.  Kammerer,  and 
F.  T.  Frerichs  observed  no  precipitation  ; and 
F.  Kuhlmann  found  that  calcium  carbonate  is  only 
partially  converted  into  the  chromate  by  a soln.  of 
potassium  chromate  ; lime-water  gives  no  precipitate 
with  a soln.  of  potassium  chromate.  F.  Mylius  and 
J.  von  Wrochem  obtained  the  anhydrous  chromate 
by  heating  the  hydrated  salt — G.  N.  Wyrouboff 
said  at  300° — or  by  warming  a supersaturated  soln., 
containing  15  to  20  per  cent.  CaCr04,  over  36°.  The 
yellow  powder  consists  of  fine  needles.  L.  Bourgeois 
obtained  crystals  of  the  anhydrous  chromate  by 
melting  a mixture  of  2 eq.  of  calcium  chloride  with  an  eq.  each  of  potassium  and 
sodium  chromates.  D.  Vorlander  and  H.  Hempel  observed  no  transformation  into 


Mols.  of  salt  per  100  mols.ffzO 

Fig.  48.  — The  Solubility 
Curves  of  Calcium  Chro- 
mate. 
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an  isotropic  form  when  the  alkaline  earth  chromates  are  heated.  The  sat.,  aq. 
soln.  at  18°  has  a sp.  gr.  1*023  and  contains  2-3  per  cent.  CaCr04.  It  is  very 
stable,  and  is  not  hydrated  by  standing  for  a year  in  contact  with  water.  Three 
hydrates  have  been  reported.  The  percentage  solubility,  S;  of  stable  CaCr04  is  : 

0°  20°  30°  50°  70°  100° 

S . 4-31  2-23  1-92  Ml  0-80  0-42 

The  results  are  plotted  in  Fig.  48.  By  mixing  a 15  per  cent.  soln.  of  calcium 
chromate  with  calcium  chloride  or  glycerol,  and  rapidly  warming  to  100°,  small, 
doubly  refracting,  presumably  rhombic  crystals  of  the  hemihydrale,  CaCr04.2H20, 
are  formed.  They  lose  water  at  400°  ; and  a soln.,  sat.  at  18°,  has  4-4  per  cent. 
CaCr04,  and  a sp.  gr.  of  1-044.  The  percentage  solubility,  S,  of  the  unstable 
hemihydrate,  Fig.  48,  is  : 

0°  18°  30°  50°  70°  100° 

S . 6-80  4-4  3-Gtt  1 (50  M0  0-80 

According  to  H.  von  Foullon,  the  monohydratc,  CaCr04.H20,  is  produced  when 
the  mother-liquor  from  the  dihydrate  is  evaporated  over  25°  ; and  F.  Mylius.and 
J.  von  Wrochem  obtained  it  by  heating  the  rhombic  /3-dihydrate  at  12°.  The 
orange-red,  rhombic,  bipyramidal  crystals  were  found  by  F.  von  Foullon  to  have 
the  axial  ratios  a : b : c=0-6296  : 1 : 0-6404.  G.  N.  Wyrouboff  gave  0-9917  : 1 : 0-7995 
and  said  that  the  crystals  are  similar  to  those  of  anhydrite.  The  sp.  gr.  is  2-793 
at  15°,  and  the  mol.  vol.  62-4.  F.  Mylius  and  J.  von  Wrochem  said  that  the  dark 
yellow,  four-sided,  doubly  refracting  pyramids  do  not  effloresce  very  much  at 
ordinary  temp.  The  soln.  sat.  at  18°  has  a sp.  gr.  1-096,  and  contains  9-6  per  cent, 
of.  CaCr04.  The  percentage  solubility,  S,  Fig.  48,  of  the  unstable  monohydrate,  is 

1S°  25°  40°  60°  75°  100° 

S . 9-GO  9-09  7-83  5-75  4-58  3-10 

J.  F:  Bahr  said  that  when  calcium  carbonate  is  treated  with  a soln.  of  chromic 
acid,  the  dihydrate,  CaCr04.2H20,  is  formed  ; and  M.  Siewert  obtained  the  dihydrate 
by  evaporating  in  vacuo  a soln.  of  the  carbonate  in  chromic  acid.  H.  von  Foullon 
said  that  the  dihydrate  exists  in  two  forms.  There  is  first  the. labile  or  a-dihydrale 
obtained  by  the  slow  evaporation  below  25°  of  the  mother-liquid  from  the  basic 
salt,  or  up  to  65°  in  the  presence  of  sulphuric  acid.  F.  Mylius  and  J.  von  Wrochem 
observed  that  it  separates  from  a supersaturated  soln.  of  calcium  chromate  at  room 
temp.  The  sulphur-yellow,  monoclinic  crystals  resemble  those  of  the  dihydrated 
calcium  sulphate.  . There  is  the  stable  or  /3-dihydrate  obtained  by  allowing  the 
a-form  to  stand  in  contact  with  a sat.  soln.  of  calcium  chromate  ; it  also  separates 
when  the  sat.  soln.  is  allowed  to  stand  for  a week.  H.  von  Foullon  obtained  crystals 
by  evaporating  a soln.  at  22°.  A.  Fock  also  described  the  preparation  of  the 
dihydrate,  and  according  to  A.  Fock,  and  H.  von  Foullon,  the  pale  yellow,  rhombic 
crystals  do  not  resemble  those  of  gypsum.  The  axial  ratios  are  a : b : c 
=0-6942:1:0-7388.  The  (lOO)-cleavage  is  complete.  G.  N.  Wyrouboff  could 
not  prepare  the  dihydrate.  M.  Siewert  said  that  the  dihydrate  loses  its  water  when 
strongly  heated,  and  every  time  it  is  heated  it  becomes  cinnabar-red.  F.  Mylius 
and  J.  von  Wrochem  found  that  the  /3-dihydrate  at  12°  forms  the  monohydrate. 
At  18°,  the  sat.  aq.  soln.  of  the  a-form  contains  14-3  per  cent,  of  CaCr04  and  has  a 
sp.  gr.  of  1-149  ; while  with  the  /3-form  there  is  present  10-3  per  cent,  of  CaCr04 
and  the  sp.  gr.  is  1-105.  M.  Siewert,  and  H.  Schwarz  made  observations  on  the 
solubility.  F.  Mylius  and  J.  von  Wrochem  found  that  the  percentage  solubilities, 
S,  Fig.  48,  are  : 

0°  20°  45°  0°  20°  40° 

S . 14-70  14-20  12-40  9-83  10-20  10-40 

' ' ' v ' 

a-dihydrate  /3-diliydrate 

The  transition  temp,  for  /3-dihydratc^monohydrate  is  10-20°  with  14  per  cent 
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CaCr04.  F.  Kohlrausch  measured  the  electrical  conductivity  of  aq.  soln.  of  the 
salt,  while  H.  H.  Hosford  and  H.  C.  Jones  found  for  the  mol.  conductivity,  p mhos, 
between  0°  and  35°,  and  S.  F.  Howard  and  H.  C.  Jones  between  35°  and  65°,  the 
following  values,  when  a mol  of  the  salt  is  dissolved  in  v litres  : 


8 

16 

32 

128 

512 

1024 

2048 

4096 

" 0° 

62 

69 

77 

97 

114 

119 

— 

124 

12-5°  . 

86 

96 

108 

135 

160 

168 

— 

173 

25°  . 

113 

126 

142 

179 

212 

223 

— 

230 

35°  . 

134 

147 

169 

214 

255 

270 

— 

279 

65°  . 

200 

229 

260 

337 

412 

428 

288 

— 

/ 0° 

49-70 

85-64 

62-19 

78-55 

91-90 

96-12 

98-54 

100-00 

t 65°  . 

65-02 

— 

77-01 

86-41 

93-19 

96-18 

97-60 

100-00 

The  percentage  ionization,  a,  has  also  been  calculated. 

H.  Caron  and  D.  A.  Raquet  found  dihydrated  calcium  chromate  to  be  soluble 
in  acids  and  in  dil.  alcohol.  C.  R.  Fresenius  found  that  100  c.c.  of  29  per  cent, 
alcohol  dissolve  1-216  grms.  calcium  chromate,  and  100  c.c.  of  53  per  cent,  alcohol, 
0-88  grm.  The  anhydrous  salt  is  insoluble  in  absolute  alcohol ; and  A.  Naumann 
observed  that  it  is  insoluble  in  acetone.  F.  Guthrie  observed  that  molten  sodium 
nitrate  dissolves  0-547  grm.  of  the  salt.  J.  F.  G.  Hicks  and  W.  A.  Craig  found  that 
equimolar  mixture  of  fused  sodium  and  potassium  nitrates,  at  about  870°,  reacts 
with  calcium  chromate  forming  basic  salts  and  entering  into  a state  of  equilibrium 
analogous  to  a hydrolytic  reaction.  L.  Kahlenberg  and  W.  J.  Trautmann  found 
that  when  calcium  chromate  is  mixed  with  silicon  and  heated  in  the  electric  arc 
furnace  there  is  a strong  reaction,  but  in  the  bunsen  burner  there  is  a slight  reaction. 
J.  B.  Hannay  obtained  potassium  calcium  sulphatochromates,  K2Cr04.CaS04,H20  ; 
2K2Cr04.CaS04  ; and  K2Cr04.CaS04.Na2S04.H20.  H.  von  Foullon  obtained  the 
basic  salt,  calcium  oxychromate,  Ca0.CaCr04.3H20,  by  warming  to  50°-60°,  a 
soln.  of  calcium  carbonate  in  a dil.  aq.  soln.  of  chromic  acid  ; or,  according  to 
F.  Mylius  and  J.  von  Wrochem,  from  a soln.  of  chromic  acid  supersaturated  with 
calcium  hydroxide.  The  lemon-yellow,  monoclinic  prisms  have  the  axial  ratios 
a:6:c=l-0311  : 1 : 0-6500,  and  jS=98°  13'.  100  parts  of  water  dissolve  0-435 
part  of  the  salt. 

K.  S.  Nargund  and  H.  E.  Watson  found  that  when  calcium  chromate  is  heated  to  1030° 
at  less  than  20  mm.  press.,  calcium  dichromitochromate,  3Ca0.Cr;0,.Cr03,  is  formed  ; 
if  the  press,  be  2 mm.,  calcium  hexachromitobischromate,  8Ca0.3Cr203.2Cr03,  is  produced  ; 
and  at  lower  press.,  calcium  tetrachromitochromate,  5Ca0.2Cr203.Cr03,  results,  and  it  has 
no  measurable  dissociation  press,  at  1030°.  If  calcium  chromate  mixed  with  lime  is  heated, 
calcium  oxy bichromate,  Ca0.2CaCr04,  is  formed,  and  it  readily  decomposes,  forming 
calcium  dichromitoseaaeschromate,  12Ca0.Cr203.6Cr03,  with  a dissociation  press,  of  270  mm. 
at  910°;  and  it  decomposes,  forming  calcium  dichromito^uaterchromate,  9Ca0.Cr203.4Cr03, 
with  a dissociation  press,  of  22  mm.  at  920°.  This  product  is  also  formed  when  a mixture 
of  calcium  oxide  and  chromate  is  heated  in  air  ; the  black  compound  is  soluble  in  dil.  acids, 
and  when  heated  to  1030°  furnishes  calcium  dichromitoir/schromate,  6Ca0.Cr203.3Cr03. 
A mixture  of  calcium  chromate  and  chromic  oxide  yields  calcium  dichromitob  ^chromate, 
2CaO.Cr203.2Cr03,  with  a dissociation  press,  of  150  mm.  at  1030°,  and  finally  a chromite. 

A.  Duncan  found  that  a soln.  of  freshly  burnt  lime  in  an  aq.  soln.  of  potassium 
dichromate,  when  evaporated,  gives  orange-yellow  crystals  of  potassium  calcium 
Chromate,  K2Cr04.CaCr04,  which  are  the  monohydrate  if  the  crystallizing  soln.  is 
boiling,  and  the  dihydrate,  if  the  soln.  is  at  80°.  E.  Schweizer  obtained  the  dihydrate 
by  saturating  a not  too  cone.  soln.  of  potassium  dichromate  with  calcium  hydroxide, 
passing  a current  of  carbon  dioxide  through  the  clear  liquid,  and  evaporating  the 
soln.  at  30°-40°.  The  crystals  of  the  dihydrate  are  lemon-yellow.  There  is  formed 
at  the  same  time  a brown  crystalline  crust  of  K2Cr04.4CaCr04.2H20,  which  is 
easily  separated  from  the  lemon-yellow  crystals  of  the  dihydrate.  M.  Groger 
obtained  it  by  evaporating  on  a water-bath  an  almost  sat.  soln.  of  potassium 
chromate  containing  4 eq.  of  iV-CaCl2.  M.  Barre  found  that  by  the  direct  action 
of  calcium  chromate  on  soln.  of  potassium  chromate  at  temp,  below  45°,  large 
rhombic  prisms  of  the  salt  K2Cr04.CaCr04.2H20  are  obtained.  These,  in  contact 
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with  a soln.  of  potassium  chromate  at  60°,  slowly  disappear,  and  small,  hexagonal 
prisms  of  the  anhydrous  salt,  K2Cr04.CaCr04,  are  formed.  Both  these  salts  are 
decomposed  by  water.  F.  Stolba,  and  F.  Mohr  made  some  observations  on  this 
salt.  G.  N.  Wyrouboff  said  that  the  crystals  are  dimorphous  since  there  is  an 
a-form  occurring  in  yellow  triclinic  pinacoids  a : b : c=0-6591  : 1 : 0-4383,  and 
a=78°  16',  /3=101°  3',  and  y=83°  8'.  The  (lOl)-cleavage  is.  complete,  and  the 
(lOl)-cleavage  is  distinct.  The  sp.  gr.  is  2-411  at  15°,  and  the  mol.  vol.  160-5. 
The  brown  /3-form  also  occurs  in  triclinic  pinacoids  with  the  axial  ratios  a :b  : c 
=0-7516  : 1 : 0-8807,  and  a=86°  O',  £=94°  41',  and  y=81°  37'.  The  (OlO)-cleavage 
is  nearly  complete.  The  sp.  gr.  is  2-596  at  15°,  and  the  mol.  vol.  149-3.  The 
a-form  is  produced  before  the  j8-form.  A.  Rakowsky  said  that  the  a-form  is  not 
stable  above  20°,  and  G.  N.  Wyrouboff  added  that  it  begins  to  give  off  water  at 
100°,  and  is  completely  dehydrated  at  120°.  A.  Rakowsky  found  that  the  a-variety 
is  less  soluble  than  the  ^8-form.  Water  at  0°  and  15°  dissolves  respectively  23-06 
and  25-06  parts  of  the  a-form,  and  respectively  23-01  and  24-45  parts  of  the  /3-form. 
The  heats  of  soln.  of  the  a-  and /3-forms  are,  respectively,  —6-99  Cals,  and  — 5-45  Cals. 
H.  G.  F.  Schroder  gave  2-502  for  the  sp.  gr.  of  the  salt.  E.  Schweizer  said  that  the 
salt  loses  water  when  heated,  and  becomes  reddish-yellow  while  hot.  It  melts  at 
a dull  red-heat  and  forms,  when  cold,  a crystalline  cake.  A.  Duncan  said  that  the 
salt  which  has  been  fused  dissolves  readily  in  water,  but  not  in  alcohol ; and 
M.  Groger  added  that  the  salt  is  soluble  in  cold  water  without  decomposition. 

E.  Schweizer  found  that  the  aq.  soln.  decomposes  on.  evaporation  forming 
K2Cr04.4CaCr04.2H20.  According  to  E.  Schweizer,  potassium  calcium  quin- 
quemonocliromate,  Iv2Cr04.4CaCr04.2H20,  is  obtained,  as  indicated  above. 
H.  G.  F.  Schroder  gave  2-787  for  the  sp.  gr.  In  addition  to  the  dihydrate, 
G.  N.  Wyrouboff  obtained  yellow  hemiheptahydrate,  K2Cr04.4CaCr04.3|H20,  by 
saturating  a cold,  cone.  soln.  of  potassium  dichromate  with  calcium  oxide,  and 
allowing  the  filtered  soln.  to  stand  over  sulphuric  acid  in  a warm  place.  J.  F.  Bahr 
found  that  potassium  calcium  seximonochromate,  K2Cr04.5CaCr04,  separated 
during  the  evaporation  of  a soln.  of  calcium  chloride  and  potassium  chromate. 
The  yellow,  granular  salt  decrepitates  when  heated,  and  dissolves  in  water. 
M.  Groger  could  not  prepare  ammonium  calcium  chromate. 

A.  Osann  found  in  the  caliche  deposits  of  Atacama,  Chili,  a salt  which  had  a 
composition  corresponding  with  calcium  iodatochromate,  7Ca(I03)2.8CaCr04, 
and  the  mineral  was  called  dietzeite — after  A.  Dietze,  who  had  previously  observed 
the  complex  salt  in  the  same  deposit.  B.  Gossner  and  F.  Mussgnug’s  examination 
showed  that  the  composition  approximates  Ca(I03)2.CaCr04,  and  B.  Gossner  con- 
sidered that  the  iodate  and  chromate  furnish  isomorphous  mixtures.  According 
to  A.  Osann,  the  colour  of  dietzeite  is  golden-yellow.  The  crystals  are  prismatic 
and  tabular  ; but  the  mineral  is  commonly  fibrous  to  columnar.  The  axial  ratios 
of  the  monoclinic  crystals  are  a : b : c=l-3826  : 1 : 0-9515,  and  /J=73°  28'. 
B.  Gossner  and  F.  Mussgnug  found  that  theX-radiograms  correspond  with  a=10-6  A., 
6=7-30  A.,  c=14-03  A.,  and  /3=106°  32'.  This  gives  the  axial  ratios  a:b:c 
=1-392  : 1 : 1-922  ; the  elementary  cell  has  the  volume  997  xlO-24  c.c.  According 
to  A.  Osann,  the  (lOO)-cleavage  is  imperfect;  the  lustre  is  vitreous;  and  the 
fracture,  conchoidal.  The  optical  character  is  positive  and  the  optical  axial  angle 
2(7=87°  to  88°.  The  hardness  is  3 to  4 ; and  the  sp.  gr.  3-698.  B.  Gossner  and 

F.  Mussgnug  calculated  3-617  for  the  sp.  gr.  The  salt  is  soluble  in  hot  water,  and 
the  soln.,  on  cooling,  deposits  crystals  of  Ca(I03)2.6H20. 

When  a soln.  of  strontium  chloride  is  treated  with  potassium  chromate, 
strontium  chromate,  SrCr04,  is  precipitated.  J.  D.  Smith  observed  that  no 
precipitation  occurs  with  dil.  soln.  ; J.  W.  Dobereiner,  that  aq.  soln.  of  strontium 
hydroxide  gave  no  precipitate ; and  H.  Kammerer,  and  F.  T.  Frerichs,  that  no 
precipitation  occurs  if  the  soln.  be  acidified  with  acetic  acid,  but  H.  Caron  and 
D.  A.  Raquet  found  that  if  the  soln.  be  neutralized  with  ammonia,  and  treated  with 
alcohol,  strontium  chromate  is  precipitated.  A.  de  Schulten  obtained  the  crystalline 
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salt  by  dissolving  25  grras.  of  Sr(H0)2.4H20  and  30  grms.  of  potassium  dichromate 
in  100  c.c.  of  water  heated  on  a water-bath,  and  adding  drop  by  drop  0-3  per  cent, 
ammonia.  L.  Bourgeois  obtained  the  crystalline  salt  by  melting  a mixture  of 
strontium  chloride  and  sodium  and  potassium  chromates  as  in  the  case  of  the 
calcium  salt.  The  pale  yellow  powder  consists  of  monoclinic  prisms  or  plates  which, 
according  to  A.  de  Schulten,  have  the  axial  ratios  a : b : c=0-9666  : 1 : 0-9173,  and 
/?=102°  43'.  E.  Herlinger  studied  the  structure  of  the  crystals  ; and  L.  Bourgeois 
said  that  they  are  isomorphous  with  those  of  bimum  and  calcium  chromates,  and 
with  the  sulphate.  W.  Autenrieth  observed  that  strontium  chromate  furnishes 
bundles  of  long,  slender,  highly  refracting  needles,  or,  when  separating  from  very 
dil.  soln.,  it  furnishes  thick  prisms  of  hexagonal  habit.  The  latter  appears  to  be  a 
labile  form  which  is  slowly  converted  into  the  former.  H.  G.  F.  Schroder  gave 
3-353  for  the  sp.  gr.,  and  A.  de  Schulten,  3-895  at  15°.  According  to  C.  R.  Fresenius, 
100  parts  of  water  at  15°  dissolve  0-12  part  of  strontium  chromate ; and 
I.  Meschtschersky,  0-119  part  at  16°.  F.  Kohlrausch  found  that  100  c.c.  of  a soln. 
at  18°  contain  0-12  grm.  SrCr04  ; and  C.  Reichard,  that  water  at  10°  dissolves  0-465 
per  cent. ; at  20°,  1-000  per  cent.  ; at  50°,  2-417  per  cent.  ; and  at  100°,  3-000  per 
cent.  F.  Ransom  made  some  observations  on  this  subject.  H.  Caron  and 
D.  A.  Raquet  said  that  the  solubility  in  water  is  lowered  by  the  addition  of  alcohol. 
C.  Reichard  found  that  the  chromate  is  freely  soluble  in  hydrochloric,  nitric,  or  aq. 
chromic  acids  ; W.  Autenrieth,  and  H.  Caron  and  D.  A.  Raquet,  that  it  is  freely 
soluble  in  acetic  acid — I.  Meschtschersky  said  sparingly  soluble.  C.  R.  Fresenius 
observed  that  100  c.c.  of  29  per  cent,  alcohol  dissolve  0-0132  gtm.  of  strontium 
chromate  ; and  100  c.c.  of  53  per  cent,  alcohol,  0-002  grm.  E.  Dumesnil  said  that 
it  is  readily  soluble  in  a soln.  of  ammonium  chloride,  so  that  100  c.c.  of  a sat.  soln. 
of  ammonium  chloride,  on  boiling,  easily  dissolve  a gram  of  the  chromate. 
C.  R.  Fresenius  observed  that  100  parts  of  a 0-5  per  cent.  soln.  of  ammonium  chloride 
at  15°  dissolve  0-195  part  of  strontium  chromate  ; 100  parts  of  1 per  cent,  acetic 
acid,  1-57  part ; and  100  c.c.  of  0-75  per  cent,  acetic  acid  mixed  with  a little 
ammonium  chromate,  dissolve  0-287  part.  F.  Guthrie  added  that  molten  sodium 
nitrate  dissolves  2-133  per  cent,  of  strontium  chromate.  Strontium  chromate  has 
been  used  as  a pigment — -lemon-yellow,  strontian  yellow,  jaune  de  strontiane,  giallo 
di  stronziana,  and  amarillo  di  estronciana. 

M.  Groger  prepared  potassium  strontium  chromate,  K2Cr04.SrCr04,  by  the 
action  of  an  almost  sat.  soln.  of  potassium  chromate  containing  4 eq.  of  iV-SrCl2. 
M.  Barre  also  prepared  this  salt.  The  yellow  crystals  are  decomposed  by  water 
into  the  constituent  salts.  M.  Barre  found  that  the  complex  salt  is  stable  at  11-5° 
in  contact  with  a soln.  containing  2-914  parts  of  potassium  chromate  per  100  parts 
of  water ; at  27-5°,  4-123  parts ; at  50°,  5-942  parts ; at  76°,  7-920  parts ; 
and  at  100°,  9-784  parts.  He  also  obtained  ammonium  strontium  chromate, 
(NH4)2Cr04.SrCr04,  by  the  action  of  a soln.  of  strontium  chloride  on  one  of 
ammonium  chloride.  The  pale  yellow  crystals  are  decomposed  by  water. 

When  an  aq.  soln.  of  a barium  salt,  or  baryta-water  is  treated  with  alkali 
mono-  or  di-chromate,  a pale  yellow  precipitate  of  barium  chromate,  BaCr04, 
is  deposited.  J.  D.  Smith  said  that  the  precipitation  with  a barium  salt  is  as  delicate 
a test  for  chromate  as  it  is  for  sulphates.  F.  T.  Frerichs,  and  H.  Kammerer  obtained 
a complete  precipitation  in  the  presence  of  acetic  acid  or  sodium  acetate. 
P.  D.  Chrustschuff  and  A.  MartinofE  observed  that  12  per  cent,  of  barium  sulphate 
is  converted  into  barium  chromate  by  contact  for’47  min.  with  a soln.  containing 
potassium  sulphate  and  potassium  chromate  in  eq.  proportions,  whilst  1-5  per  cent, 
of  barium  chromate  is  converted  into  barium  sulphate  in  the  same  time  in  contact 
with  a similar  soln.  The  limits  of  the  reaction  do  not  attain  more  than  22  per  cent, 
and  17  per  cent,  respectively,  even  after  40  to  45  hrs.  M.  Scholtz  and  R.  Abegg 
found  that  at  100°,  equilibrium  between  barium  sulphate  and  potassium  chromate 
in  aq.  soln.  is  established  very  slowly ; it  is  reached  more  rapidly  w^hen  a soln.  of 
potassium  sulphate  acts  on  barium  chromate.  The  ratio  between  the  quantities 
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of  potassium  chromate  and  sulphate  in  soln.  when  equilibrium  is  reached  depends 
on  the  relative  quantities  of  the  solid  barium  salts,  from  which  it  appears 
that  the  precipitate  consists  of  a solid  soln.  The  relation  [K2Cr04][K2S04] 
= l-3[BaCr04][BaS04]  appears  to  hold.  H.  Rose  found  that'  an  excess  of  alkali 
chromate  will  completely  transform  barium  carbonate  into  the  chromate  ; and 
F.  J.  Malaguti  made  observations  on  this  subject,  and  J.  Morris  studied  the  pre- 
cipitation of  barium  from  a soln.  of  its  chloride  by  the  addition  of  a mixture  of 
potassium  carbonate  and  chromate.  M.  Scholtz  and  R.  Abegg  showed  that  in  the 
equilibrium  between  potassium  chromate  and  barium  carbonate,  the  ratio  of  the 
cone,  of  potassium  carbonate  and  chromate  also  varies  in  the  same  way  as  the  ratio 
between  the  numbers  of  mols.  of  barium  carbonate  and  chromate  in  the  precipitate, 
but  the  two  ratios  are  not  proportional.  There  is,  however,  always  relatively 
less  chromate  in  the  soln.  than  in  the  precipitate.  Barium  chromate  and  sulphate 
are  about  equally  soluble,  and  both  are  much  less  soluble  than  the  carbonate. 
A.  Pool  also  studied  this  system.  J.  F.  Bahr  obtained  crystalline  barium  chromate 
by  decomposing  barium  dichromate  with  water ; A.  de  Schulten,  by  heating  on  a 
water-bath  a soln.  of  20  grms.  of  barium  nitrate  in  a litre  of  water  mixed  with 
10  c.c.  of  nitric  acid  of  sp.  gr.  1-2,  and  adding  2 litres  of  a soln.  of  10  grms.  of  potas- 
sium dichromate;  and  L.  Bourgeois  by  melting  2 eq.  of  barium  chloride  with  one  eq. 
each  of  sodium,  and  potassium  chromates.  J.  Milbauer  found  that  when  a mixture 
of  barium  oxide  or  carbonate  and  chromic  oxide  is  heated  to  480°  in  oxygen  at 
12  atm.  press,  there  is  a 52-8  per  cent,  conversion  to  chromate.  J.  A.  Atanasiu 
found  that  in  the  electrometric  titration  of  soln.  of  barium  chloride  soln.  and 
potassium  chromate  there  is  a break  corresponding  with  normal  barium  chromate. 
0.  Ruff  and  E.  Ascher  studied  the  joint  precipitation  of  lead  and  barium  chromates  ; 
barium  and  strontium  chromates ; and  barium  sulphate  and  chromate  ; and 
0.  Ruff,  the  X-radiograms. 

The  pale  lemon-yellow  barium  chromate  was  found  by  H.  Moser  to  become  dark 
yellow  when  heated.  L.  Bourgeois  said  that  the  rhombic  prisms  are  isomorphous 
with  barium  sulphate  ; and  A.  de  Schulten  gave  for  the  axial  ratios  of  the  rhombic 
plates  a : b : c=0-8038  : 1 : 1-2149.  F.  Rinne  studied  the  crystals  of  barium 
chromate  ; and  M.  Copisarow  observed  tree-like,  dendritic  forms  are  produced 
when  the  precipitate  is  slowly  formed.  The  sp.  gr.  observed  by  H.  G.  F.  Schroder 
is  4-296-4-304  ; C.  H.  D.  Bodecker,  3-90  at  1 1°  ; E.  Schweizer,  4-5044  ; A.  Schafarik, 
4-49  at  23°  ; L.  Bourgeois,  4-60  ; and  A.  de  Schulten,  4-498  at  15°.  P.  Bary,  and 
J.  Prccht  found  that  the  salt  is  not  fluorescent  when  exposed  to  X-rays. 
F.  Kohlrausch  gave  for  the  sp.  conductivity  of  sat.  soln.  0-05114  mho  at  —0-88°; 
0-05297  mho  at  16-07°,  0-05317  mho  at  17-42°  ; and  0-05499  mho  at  28-08°.  The 
solubility  of  the  salt  in  water  is  very  small  ; F.  Kohlrausch  and  co-workers  cal- 
culated from  observations  on  the  electrical  conductivity,  the  following  solubilities, 
S grms.  per  litre  : 

-0-88  1607°  17-42°  18°  28-08° 

5 . . 2-04  3-37  3-48  3-53  4-30 

For  the  equilibrium  between  barium  chromate  and  dichromate,  vide  supra, 
chromic  acid.  I.  Meschtschersky  found  that  a litre  of  water  dissolved  4-3  mgrms. 
at  100°.  C.  R.  Fresenius  said  that  at  0°,  a litre  of  water  dissolves  1-19  mgrms. 
The  salt  is'less  soluble  after  it  has  been  ignited.  E.  Schweizer  said  that  in  that 
state  a litre  of  water  dissolves  0-62  mgrm.  L.  M.  Henderson  and  F.  C.  Kracek 
pointed  out  that  the  solubilities  of  the  alkaline  earth  chromates  decrease  as  the  at. 
wt.  of  the  alkaline  earth  metal.  Thus,  at  15°,  the  solubilities  of  the  anhydrous 
calcium,  strontium  and  barium  chromates  are  of  the  order  25/T-2,  and  0-0033  grms. 
per  litre  respectively.  The  solubility  of  radium  chromate  seems  to  follow  the  rule, 
and  a separation  of  radium  and  barium  can  be  effected  by  fractional  precipitation 
as  chromates.  The  partition  factor  for  acidic  soln.  is  about  15-5. 

The  soln.  of  barium  chromate  in  hydrochloric,  or  nitric  acid  or  in  an  excess 
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of  chromic  acid,  was  found  by  J.  F.  Bahr,  H.  Caron  and  D.  A.  Raquet,  and  K.  Preis 
and  B.  Rayman  to  become  orange-red  owing  to  the  formation  of  dichromate,  but 
the  monochromate  is  reprecipitated  from  this  soln.  by  ammonia.  The  statement 
with  reference  to  the  solubility  in  soln.  of  chromic  acid  was  disputed  by  L.  Schulerud, 
and  W.  Autenrieth.  E.  Schweizer  said  that  the  salt  is  insoluble  in  a soln.  of  potas- 
sium dichromate,  and  100  parts  of  a 10  per  cent.  soln.  of  chromic  acid  dissolve 
0-055  part  of  chromate.  When  sulphur  dioxide  is  passed  over  heated  barium 
chromate  W.  R.  Hodgkinson  and  J.  Young  found  that  chromium  sulphate  is  formed 
as  the  chromate  is  decomposed.  N.  W.  Fischer  observed  that  barium  chromate 
is  not  decomposed  by  cold  sulphuric  acid,  but  is  decomposed  with  difficulty  by  the 
hot  acid  ; he  also  stated  that  aq.  soln.  of  sulphates  do  not  affect  the  chromate,  and 
the  action  is  only  slight  with  hot  soln.  H.  Schwarz  found  that  about  a quarter 
mol  is  decomposed  by  a mol  of  cone,  sulphuric  acid  to  form,  according  to  L.  Bourgeois, 
barium  sulphate  and  chromium  trioxide.  Observations  by  P.  D.  Chrustschoff 
and  A.  Martinofi,  M.  Scholtz  and  R.  Abegg  are  indicated  above.  The  transformation 
of  the  chromate  into  carbonate  by  the  fusion  with  sodium  carbonate,  or  by  digestion 
with  a soln.  of  the  carbonate,  was  discussed  by  H.  Rose,  F.  J.  Malaguti,  M.  Scholtz 
and  R.  Abegg — vide  stupra.  K.  W.  Floroff  gave  1-6  X 10— 11  for  the  solubility  product 
at  18°.  According  to  H.  Golblum,  the  equilibrium  constant  #=[K2CQ3]/[K2C'r04] 
in  the  reaction  : K2C034-BaCr04^BaC03-l-K2Cr04,  is  not  constant  but  decreases 
to  a minimum  value.  The  deviation  from  the  simple  mass  law  is  ascribed  to  the 
ionization  of  the  salts.  The  heat  of  the  reaction,  calculated  from  the  equilibrium 
constants  at  25°  and  40°,  is  5997  cals.  E.  Carriere  and  P.  Castel  found  that  the 
equilibrium  constant  if=[Cr04]2[H]2/[Cr207]  with  barium  chromate  in  acid  soln. 
is  3xl0-!5. 

B.  Guerini  observed  that  0-22  X 10“ 4 gram-equivalent  of  barium  chromate 
are  dissolved  by  a litre  of  45  per  cent,  alcohol,  and  A.  Naumann  observed  that  it  is 
insoluble  in  acetone,  and  in  methyl  acetate.  I.  Meschtschersky,  and  H.  Baubigny 
said  that  the  chromate  is  soluble  in  acetic  acid  ; while  H.  Caron  and  D.  A.  Raquet 
said  that  barium  chromate  is  insoluble  in  acetic  acid  and  soln.  of  alkali  chromate, 
but  partially  soluble  in  a mixture  of  dichromate  and  acetic  acid.  According  to 
C.  R.  Fresenius.  the  presence  of  acetic  acid  increases  the  solubility  of  barium 
chromate,  for  100  parts  of  water  containing  one  part  of  acetic  acid  dissolve  0-0027 
part  of  chromate.  E.  Schweizer  said  that  100  parts  of  5 per  cent,  acetic  acid 
dissolve  0-02725  part  of  chromate,  and  with  10  per  cent,  acetic  acid,  0-0503  part. 
C.  R.  Fresenius  said  that  ammonium  salts  also  make  the  chromate  more  soluble, 
thus  100  parts  of  water  containing  0-5  per  cent,  of  ammonium  chloride  dissolve 
0-00435  part  of  the  chromate  ; water  with  0-5  per  cent,  of  ammonium  nitrate 
dissolves  0-00222  part  of  chromate  ; water  with  0-75  per  cent,  of  ammonium  acetate 
dissolves  0-002  part  of  chromate  ; and  water  with  1-5  per  cent,  of  ammonium  acetate 
dissolves  0-00417  part  of  chromate.  E.  Fleischer  found  that  barium  chromate  is 
readily  soluble  in  soln.  of  alkali  tartarate  or  citrate  ; L.  Bourgeois  that  it  is  decom- 
posed with  difficulty  by  alkali  hydroxides  ; and  F.  Guthrie  that  molten  sodium 
nitrate  dissolves  0-205  per  cent.  BaCr04.  K.  W.  Floroff  studied  the  adsorption  of 
potassium  chromate  by  barium  sulphate,  and  showed  that  the  reaction,  particularly 
for  cone.  soln.,.  is  complex — probably  2BaS04-f-  K2Cr04=BaS04.BaCr04+K2S04. 
L.  Kahlenberg  and  W.  J.  Trautmann  observed  that  when  mixed  with  silicon,  there 
is  a strong  reaction  at  a cherry-red-heat,  and  in  the  .electric  arc.  C.  Zerr  and 
G.  Rubencamp  mentioned  the  use  of  barium  chromate  as  a pigment — ultramarine 
yellow,  lemon  yellow,  permanent  yellow,  jaune  de  baryte,  giallo  di  barite,  amarillo  di 
barita,  olt remare  giallo,  outremer  jaune,  amarillo  ultrames,  Citrongelb.  M.  A.  Uj insky 
and  co-workers  studied  the  adsorption  of  barium  chromate  bv  silk,  wool,  and 
cotton  fibres. 

M.  Groger  prepared  potassium  barium  chromate,  K2(Y0l.Ba('i04.  by  shaking 
an  almost  sat.  soln.  of  potassium  chromate  with  a cold,  sat.  soln.  of  barium  chloride. 
The  pale  yellow  granules  are  decomposed  by  water.  M.  Barre  also  prepared  this 
VOL.  xi.  t 
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salt.  M.  Groger  also  made  ammonium  barium  chromate  by  precipitation  with 
soln.  of  ammonium  chromate  and  barium  chloride.  The  precipitate  is  at  first 
amorphous,  but  soon  forms  six-sided  plates.  The  salt  is  decomposed  by  water. 
L.  Bourgeois  reported  barium  strontium  chromate,  BaSr(Cr04)2,  to  be  formed  in 
prismatic  crystals  by  the  process  used  for  strontium  calcium  chromate — vide  suprh  ; 
similarly  also  with  barium  calcium  chromate,  BaCa(Cr04)2.  L.  H.  Duschak  found 
that  a crystalline  precipitate  of  barium  and  strontium  chromates  of  definite  com- 
position is  formed  in  a sat.  soln.  of  barium  chromate  containing  given  cone,  of 
strontium  chromate  and  acetic  acid.  Diffusion  takes  place  within  this  substance, 
and  that,  therefore,  it  must  either  be  regarded  as  a solid  soln.,  or  else  diffusion  must 
be  recognized  as  a possible  property  of  isomorphous  mixtures.  L.  M.  Henderson 
and  F.  C.  Kracek  12  discussed  the  separation  of  radium  and  barium  by  the  fractional 
precipitation  of  barium  chromate  and  radium  chromate. 

A.  Atterberg  13  found  that  beryllium  hydroxide  dissolved  in  an  aq.  soln.  of 
chromic  acid  to  form  a deep  red  liquid'  from  which  no  crystals  can  be  obtained  ; 
and  that  when  a soln.  of  beryllium  sulphate  is  treated  with  potassium  chromate, 
the  precipitate  first  formed  dissolves  with  stirring,  and  finally  there  is  deposited  a 
yellow  basic  salt.  J.  C.  G.  de  Marignac  treated  soln.  of  potassium  dichromate  with 
beryllium  sulphate  and  obtained  a precipitate  of  variable  composition.  A.  Atter- 
berg found  that  beryllium  carbonate  is  decomposed  by  a soln.  of  potassium 
dichromate,  carbon  dioxide  is  evolved,  and  a basic  chromate  is  formed.  This  when 
washed  and  dried  gives  a pale  yellow  powder  approximating  14Be0.Cr03.23H20. 
It  loses  5 mols.  of  water  at  100°  ; 16  mols.  at  300°  ; and  all  is  lost  at  dull  redness. 
At  a higher  temp,  oxygen  is  given  off.  B.  Glassmann  obtained  beryllium  dodeca- 
hydroxychromate,  6Be(0H)2.BeCr04,  as  a yellow  powder  by  heating  the  normal 
chromate  with  water,  or  by  treating  a soln.  of  beryllium  sulphate  with  ammonium 
chromate.  It  is  insoluble  in  water,  but  soluble  in  chromic  acid  soln.  Normal 
beryllium  chromate,  BeCr04.H20,  was  obtained  by  neutralizing  a cone.  soln.  of 
chromic  acid  with  beryllium  carbonate,  and  evaporating  the  liquid.  The  reddish- 
yellow,  monoclinic  plates  are  hydrolyzed  by  water.  B.  Bleyer  and  A.  Moormann 
could  not  obtain  either  of  the  two  salts  described  by  B.  Glassmann.  The  precipi- 
tation of  beryllium  sulphate  by  potassium  chromate  yields,  impure,  amorphous 
products  of  varying  composition,  whilst  the  precipitate  from  the  chloride  has  the 
composition  15Be0.Cr03.12H20,  independently  of  the  proportions  of  the  reacting 
substances.  Beryllium  hydroxide  and  chromic  acid  yield  only  resinous  masses, 
but  the  clear  soln.  contains  beryllium  and  chromium  in  the  ratio  1:1.  N.  A.  Orloff 
obtained  9Be0.BeCr04.16H20  and  20H2O,  and  14Be0.BeCr04.31H20,  from  a 
soln.  of  beryllium  sulphate  and  potassium  chromate ; 12Be0.BeCr04.16H20  from 
a soln.  of  beryllium  hydroxide  in  chromic  acid  and  potassium  chromate  ; and 
5Be0.BeCr04.14H20,  as  a precipitate  by  adding  alcohol  to  a soln.  of  beryllium 
hydroxide  in  chromic  acid.  Hence,  beryllium  chromate  is  gradually  hydrolyzed 
by  water  without  forming  any  definite  basic  salt.  H.  C.  Creuzberg  prepared 
beryllium  tridecoxychromate,  BeCr04.13Be0.23H20,  by  precipitation. 

L.  N.  Vauquelin 14  prepared  magnesium  chromate,  MgCr04,  by  crystallization 
from  a soln.  of  magnesia  in  chromic  acid.  J.  Milbauer  observed  an  82-7  per  cent, 
conversion  to  chromate  when  chromic  oxide  mixed  with  magnesium  oxide  or 
carbonate  is  heated  to  .480°  in  oxygen  at  12  atm.  press.  The  orange-yellow,  six- 
sided  prisms  of  the  chromate  crystallized  in  aq.  soln.  were  said  by  H.  Kopp  to  be 
isomorphous  with  magnesium  sulphate,  and  his  analysis  corresponded  with  hepta- 
hydrale,  MgCr04.7H20.  A.  Murmann  gave  for  the  axial  ratios  of  the  rhombic, 
bisphenoidal  crystals  a :b  : c=0-9901  : 1 : 0-5735.  The  (OlO)-cleavage  is  perfect. 
W.  J.  Grailich  gave  for  the  optic  axial  angle  2F=75°  28'.  The  optical  character 
is  negative.  E.  Dit.tler  obtained  overgrowths  with  magnesium  sulphate. 
H.  G.  K.  Westenbrink  found  that  the  rhombic  bisphenoidal  crystals  have  four 
mols.  in  unit  cell,  and  that  the  dimensions  are  a=ll-89  A.,  6=12-01  A.,andc=6-89  A. 
Observations  on  the  crystals  were  made  by  H.  Dufet,  and  L.  Longchambon ; 
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C.  Gaudefroy  studied  the  corrosion  figures  ; and  A.  Fock,  the  solid  soln.  of  the 
heptahydrates  of  magnesium  chromate  and  sulphate.  H.  Kopp  gave  1-66  for  the 
sp.  gr.  at  15°  ; C.  H.  D.  Bodeker,  1-75  ; and  F.  W.  Clarke,  1-761  at  16°.  F.  Mylius 
and  R.  Funk  observed  that  a sat.  soln.  containing  4-2  per  cent.  MgCr04  had  a sp.  gr. 
1-422  ; A.  Heydweiller  found  the  sp.  gr.  at  18°/18°  of  soln.  : 

MgCr04  . 0-1234.lV-  0-247 N-  0-617 N-  1-12342V-  2-468AT-  4-936#- 

Sp.  gr.  . 1-00857  1-01710  1-04178  1-0818  1-1596  1-3052 

K.  F.  Slotte  found  the  sp.  gr.  of  soln.  of  magnesium  chromate  with  12-31,  21-86, 
and  27-71  per  cent,  of  chromate  to  be  respectively  1-0886  at  13-6  ; 1-1641  at  14-5°  ; 
and  1-217  at  13-6°  ; and  the  viscosities  (water  100)  to  be  respectively  151-8,  227-8, 
and  317-7  at  10°  ; 115-4,  170-9,  and  235-6  at  20°  ; 92,  134-7,  and  182-8  at  30°  ; 
and  75,  108-6,’  and  145-5  at  40°.  W.  Kohlrausch  said  that  100  c.c.  of  a sat.  soln.  at 
18°  contain  60  grms.  MgCr04  ; and  G.  N.  Wyrouboff  found  that  the  heptahydrate 
lost  2 mols.  of  water  in  air,  3 mols.  at  120°  ; but  expulsion  of  the  last  mol.  of  water  is 
attended  by  the  decomposition  of  the  salt.  M.  R.  Nayar  and  co-workers  observed 
that  very  little  chromate  is  formed  when  a mixture  of  magnesia  and  chromic  oxide 
is  heated  below  600°  ; at  650°,  magnesium  chromate  decomposes  into  basic  chromites 
(• q.v .).  H.  Topsoe  and  C.  Christiansen  found  the  indices  of  refraction  for  the 
.D-line  to  be  a=l-5211,  ^8— 1-5500,  andy=l-5680  ; while  for  the  C-line,  a=l-5131, 
/3=1-4315,  and  y— 1-5633.  A.  Fock  gave  for  the  refractive  indices,  p,,  and  the 
optic  axial  angle,  2F,  of  mixtures  of  magnesium  sulphate  and  chromate  containing 
the  eq.  per  cent,  of  MgCr04.7H20, 

MgCr04.7H20  0 52  15-8  18-5  31-6  35-9  43-7  100  percent. 

la.  . 0-4319  1-4353  1-4388  1-4408  1-4457  1-4543  1-6432  1-5221 

H { P • ■ 1-4519  1-4579  1-4618  1-4632  1-4727  1-4778  1-4934  — 

I y . . 1-4602  1-4635  1-4666  1-4697  1-4844  1-4881  — 1-5680 

2V  . . 51°  28'  53°  32'  53°  58'  55°  40'  57°  16'  60°  14'  69°  52'  75°  28' 

P.  Walden  gave  for  the  eq.  conductivity,  A mho,  at  25°  with  a mol  of  the  salt  in  v 
litres : 

v . .32  64  128  256  512  1024 

A . . 80-6  90-6  98-9  107-2  114-3  119-9 

while  H.  Clausen,  and  A.  Heydweiller  obtained  for  cone,  soln.,  at  18°  : 

v . . 0-203  0-405  0-81  1-62  4-05  8-1 

A . . 12-23  24-85  34-17  41-07  48-09  54-86 

W.  J.  Grailich  and  V.  von  Lang  found  the  diamagnetism  to  be  strongest  in  the 
direction  of  the  (OlO)-axis.  M.  Wein  studied  the  electrical  conductivity. 
A.  Naumann  said  that  the  salt  is  soluble  in  acetone.  G.  N.  Wyrouboff  prepared 
the  pentahydrate,  MgCr04.5H20,  from  the  heptahydrate  as  indicated  above  ; or  by 
crystallizing  an  aq.  soln.  above  30°.  The  yellow  crystals  are  stable,  and  do  not 
effloresce  in  air.  They  are  triclinic  pinacoids  with  the  axial  ratios  a :b : c 
=0-5883  : 1 : 0-5348,  and  a=82°  43',  £=108°  14',  and  y=103°  51'.  They  are 
isomorphous  with  pentahydrated  cupric  sulphate.  No  cleavage  was  observed. 
The  sp.  gr.  is  1-954.  For  the  action  of  heat,  vide  supra. 

M.  Groger  prepared  ammonium  magnesium  chromate,  (NH4)2Mg(Cr04)2.6H20, 
from  soln.  of  ammonium  chromate  and  magnesium  chloride  ; and  F.  J.  Malaguti 
and  M.  Sarzeau,  by  adding  ammonia  to  a soln.  of  magnesium  chromate  in  aq . chromic 
acid  until  the  hydroxide  begins  to  separate,  and  then  evaporating.  The  pale 
yellow  crystals  were  found  by  A.  Murmann  to  be  monoclinic  prisms  with  the 
axial  ratios  a : b : c=0-7511  : 1 : 0-4931,  and  ,8=106°  31';  and  M.  W.  Porter, 
0-7517  : 1 : 0-4935  and  /3=106°  07'.  A.  E.  H.  Tutton  and  M.  W.  Porter  found  the 
topic  axial  ratios  ^ : ip  : oo  =6-3751  : 8-4811  : 4-1761 . The  optic  axial  angles : 


red-light 

Li- 

C- 

Wa- 

Tl- 

Cd-lines 

16°  29' 

9°  50' 

14°  29' 

45°  8' 

66°  1' 

77°  43' 

10°  47' 

6°  15' 

8°  54' 

26°  53' 

38°  57' 

44°  37' 

2 E 
2 V 
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They  also  investigated  the  effect  of  temp,  on  these  angles.  M.  W.  Porter  found 
with  0,  43-85,  72-52,  and  100  per  cent.  (NH4)2Mg(Cr04)2.6H90,  the  axial  ratios 
0-7499  : 1 : 0-4935,  and  £=106°  15' ; 0-7476  : 1 : 0-4928,  and  £=106°  32' ; 
0-7451  : 1 : 0-4930,  and  #=106°  55' ; and  0-7409  : 1 : 0-4924,  and  0=107°  6' 
respectively  ; and  the  respective  refractive  indices  a=l-6363, 0=1-6371,  y=l-6531  ; 
a=l-554,  0=1-557,  y=l-560 ; a=l-491,  0=1-493,  y=l-495;  and  a=l-4716, 
0=1-4730,  y=l-4786.  S.  Rosch  and  M.  Stiirenburg  studied  the  optic  axial  angles. 
F.  W.  Clarke  gave  1-84  for  the  sp.  gr.  at  16°  ; and  M.  W.  Porter,  1-835  at  about  16°. 
The  mol.  vol.  is  215-92.  C.  Schaefer  and  M.  Schubert  observed  in  the  ultra-red 
reflection  spectrum  a complex  maximum  at  11 -3u  to  11-42/r  ; and  in  polarized 
light  the  maximum  falls  into  three  groups — ll-46p,  parallel  to  the  a-axis,  11-28/x 
parallel  to  the  6-axis,  and  10-36jii  parallel  to  the  c-axis.  A.  E.  H.  Tutton  and 
M.  W.  Porter  found  for  the  indices  of  refraction  : 


Ll- 

C- 

Na- 

Ti- 

Cd-light 

1-6248 

1-6265 

1-6363 

l-6489 

1-6571 

1-6250 

1-6267 

1-6371 

1-6509 

1-6602 

1-6390 

1-6411 

1-6531 

1-6687 

1-6799 

• 

The  refractive  indices  at  80°  were  about  0-0023  lower  than  for  ordinary  temp. 
The  optical  properties  of  isomorphous  mixtures  of  ammonium  magnesium  sulphate 
and  chromate  were  examined.  F.  Riidorff’s  diffusion  experiments  showed  that  the 
salt  is  more  or  less  dissociated  in  aq.  soln.  G.  Canneri  prepared  guanidine  magnesium 
ohromate,  (CH5N3)2.H2Cr04.MgCr04.6H20,  isomorphous  with  the  sulphate. 
A.  Stanley  evaporated  a soln.  obtained  by  treating  a soln.  of  sodium  dichromate 
with  a magnesium  salt,  and  obtained  yellow,  four-sided  prisms  and  plates  of  sodium 
magnesium  chromate,  Na2Cr04.MgCr04.3H20.  The  salt  gives  off  all  its  water 
below  200°  leaving  the  reddish-brown,  pulverulent  anhydride.  The  trihydrate  is 
freely  soluble  in  water  and  alcohol,  but  insoluble  in  ether. 

T.  Thomson,  and  E.  F.  Anthon  prepared  potassium  magnesium  chromate, 
K2Cr04.MgCr04.2H20,  by  evaporating  a soln.  of  potassium  dichromate  mixed 
with  magnesia  ; M.  Groger,  by  treating  an  almost  sat.  soln.  of  potassium  chromate 
with  a soln.  of  magnesium  chloride.  G.  N.  Wyrouboff  said  that  the  dihydrate  is 
obtained  if  the  soln.  be  evaporated  over  18°.  The  triclinic,  pinacoidal  crystals 
were  found  by  G.  N.  Wyrouboff  to  have  the  axial  ratios  a : b : c=0-6551  : 1 : 0-4326, 
and  a=84°  35',  0=102°  44',  and  y=86°  38'.  Twinning  occurs  about  the  (101)-, 
( 1 Ol ) - , and  (lOO)-planes  ; and  the  (101)-  and  (lOl)-cleavages  are  distinct.  The 
optical  character  is  negative.  H.  G.  F.  Schroder  gave  2-600  for  the  sp.  gr.  ; 
E.  F.  Anthon,  2-59  at  19°  ; and  G.  N.  Wyrouboff,  2-602  at  16°,  and  for  the  mol. 
vol.  142-5.  E.  F.  Anthon  observed  that  when  the  salt  is  heated,  it  becomes  orange- 
yellow,  and  melts  at  dull  redness  forming  a dark  red  liquid  ; and  E.  Schweizer 
represented  the  decomposition  at  a red-heat  by  2K2Mg(Cr04)2=2K2Cr04+Mg0 
+Mg(Cr02)2-f30.  G.  Yiard  said  that  not  Mg0.Cr203  but  rather  2Mg0.Cr203 
and  5Mg0.4Cr203  are  produced.  E.  Schweizer  said  that  100  parts  of  water  dissolve 
28-2  parts  of  the  salt  at  20°,  and  34-3  parts  at  60°  ; and  M.  Groger,  that  the  salt 
is  not  decomposed  by  cold  water.  The  salt  is  insoluble  in  alcohol.  S.  H.  C.  Briggs 
reported  that  the  hexahydrate,  K2Mg(Cr04)2.6H20,  is  formed  by  cooling  a cone, 
soln.  to  —10°.  The  lemon-yellow  crystals  can  be  washed  with  alcohol  and  ether. 
When  dried  in  air  at  8°-10°,  the  salt  loses  4 mols.  of  water.  G.  N.  Wyrouboff  said 
that  the  hexahydrate  is  formed  by  evaporating  the  soln.  below  1-8°.  C.  von  Hauer 
could  not  make  the  hexahydrate.  A.  Duffour  found  that  the  hexahydrate  can  be 
obtained  if  the  two  chromates  are  dissolved  separately  in  equimolar  proportions 
in  two  and  a half  times  their  weight  of  warm  water,  and  the  soln.  are  mixed,  filtered, 
and  left  to  evaporate  at  a temp,  not  exceeding  15°.  After  several  days,  the  hexa- 
hydrate separates  in  tabular  crystals,  which  should  be  removed  at  once.  The 
crystals  after  five  or  six  hours  begin  to  change  slowly  into  the  dihydrate.  This 
dehydration  is  far  more  rapid  at  120°  but  always  stops  at  the  dihydrate.  The 
hexahydrate  is  thus  known  only  in  a metastable  state  even  10°.  The  crystals 
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are  monoclinic  and  have  the  axial  ratios  a : b : c= 0-7521  : 1 : 0-4984,  and$=103°  54'. 
Monoclinic  crystals  of  the  hexahydrate,  in  solid  soln.  with  the  hexahydrated 
potassium  magnesium  sulphate,  can  be  obtained  by  the  evaporation  at  20°  of  a 
soln.  with  3 mols  of  the  complex  sulphate  to  one  mol  of  the  complex  chromate. 
A.  Duffour  studied  the  triclinic  crystals  of  solid  soln.  of  hexahydrated  potassium 
magnesium  chromate  and  sulphate. 

S.  H.C.  Briggs  prepared  rubidium  magnesium  chromate, Rb2Cr04.MgCr04.6H20, 
by  a process  analogous  to  that  used  for  the  potassium  salt.  The  lemon-yellow 
crystals  are  stable  in  air.  T.  V.  Barker  also  prepared  this  salt  and  found  that  the 
axial  ratios  of  the  monoclinic  crystals  are  a : b : c= 0-7558  : 1 : 0-4950,  and 
$=104°  55';  M.  W.  Porter  gave  0-7540  : 1 : 0-4960  and $= 104°  52'.  A.  E.  H.  Tutton 
and  M.  W.  Porter  gave  for  the  optic  axial  angle  : 

Li-  C - Na-  Tl-  Cd-light 

2V  . . 88°  27'  88°  4'  86°  33'  84°  31'  83°  15' 


They  also  gave  for  the  topic  axial  ratios  % : ip  : co=6-3403  : 8-4246  : 4-1727 ; and  the 
sp.  gr.  2-466  at  20°/4°.  M.  W.  Porter  gave  2-463  at  about  16°,  and  the  mol.  vol.  at 
20°  is  215-48  ; F..A.  Henglein  gave  217-0.  M.  W.  Porter  found  that  the  indices  of 
refraction  are  a=l-6363,  $—1-6371,  and  y— 1-6528.  A.  E.  H.  Tutton  and 
M.  W.  Porter  found  for  the  indices  of  refraction  : 


Li- 

a . . 1-6105 

. . 1-6208 

y . . 1-6310 


C-  Na- 

1-6118  1-6217 

1-6221  1-6330 

1-6326  1-6435 


Tl-  Cd-light 

1-6342  1-6426 

1-6466  1-6561 

1-6517  1-6672 


The  refractive  indices,  a,  $,  andy,  diminish  respectively  by  0-0019,  0-0024,  and  0-0025 
on  raising  the  temp,  to  80°.  M.  W.  Porter  examined  the  optical  properties  of 
isomorphous  mixtures  of  ammonium  and  rubidium  magnesium  chromates. 
M.  W.  Porter  showed  that  the  ammonium  and  rubidium  magnesium  chromates  are 
completely  isomorphous.  Selecting  some  of  the  observed  data  for  the  isomorphous 
mixtures  containing  0,  35-35,  74-05,  and  100  per  cent,  of  the  ammonium  salt,  the 
axial  ratios  were  0-7540  : 1 : 0-4960,  and  $=104°  52'  ; 0-7526  : 1 : 0-4928,  and 

£=105°  23' ; 0-7522  : 1 : 0-4931,  and  £=105°  47' ; and  0-7517  : 1 : 0-4935,  and 

$=106°  9'  respectively  ; the  sp.  gr.,  2-463,  2-211,  1-998,  and  1-835  respectively  ; 
and  the.  indices  of  refraction  a=l-6216,  $=1-6330,  and  y— 1-6439  ; a=l-6268, 
$=1-6371,  and y =1-6468  ; a=l -6330,  $=1-6368,  andy=l-6493;  anda=l-6363, 
$=1-6371,  andy=l-6538  respectively.  S.  H.  C.  Briggs  prepared  caesium  magnesium 
chromate,  Cs2Mg(Cr04)2.6H20,  by  the  method  employed  for  the  potassium  salt. 
The  caesium  salt  is  rather  more  stable  than  the  rubidium  salt.  T.  V.  Barker  gave 
for  the  axial  ratios  of  the  monoclinic  crystals  a : b : c=0-7420  : 1 : 0-4886,  and 

$=106°  7'.  A.  E.  H.  Tutton  and  M.  W.  Porter  gave  for  the  optic  axial  angles  : 

Li-  C-  Na-  Tl-  Cd-light 

2 E . . 131°  3'  131°  27'  132°  55'  133°  22'  — . 

2 Fa  • - 67°  9'  67°  7'  67°  3'  66°  33'  65°  57' 

The  topic  axial  ratios  are  y : ifj : co=6-4441  : 8-6718  : 4-2388  ; the  sp.  gr.  is  2-747 
at  20°/4°  ; and  the  mol.  vol.  227-62  ; F.  A.  Henglein  gave  229-2.  A.  E.  H.  Tutton 
and  M.  W.  Porter  found  the  indices  of  refraction  to  be  : 


P 


y 


Li- 

C- 

Na- 

Ti- 

Cd-light 

1-6257 

1-6271 

1-6369 

l-6493 

1-6578 

1-6310 

1-6324 

1-6425 

1-6552 

1-6640 

1-6424 

1-6438 

1-6547 

1-6083 

1-6778 

A rise  of  temp,  to  80°  results  in  the  reduction  of  the  indices  by  about  0-0026. 

Normal  zinc  chromate,  ZnCr04,  is  not  easy  to  prepare,  for,  if  a large  proportion 
of  water  be  present,  a basic  salt  is  formed  ; and  if  very  cone.  soln.  are  employed  at 
a high  temp.,  oxygen  may  be  evolved.  J.  Milbauer  15  said  that  there  is  a 72  per 
cent,  conversion  to  chromate  when  a mixture  of  chromic  oxide  and  zinc  oxide  or 
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carbonate  is  heated  to  480°  in  oxygen  at  12  atm.  press.  S.  H.  C.  Briggs  did  not 
succeed  in  preparing  the  normal  chromate  in  a non-aqueous  solvent.  J.  Schulze 
obtained  normal  zinc  chromate  by  heating  the  dichromate  with  zinc  hydroxide  in  a 
sealed  tube  to  200° ; and  S.  H.  C.  Briggs  recommended  heating  for  3 hrs.  at  220° 
in  a sealed  tube  a mixture  of  4-5  grms.  Cr03,  4-5  grms.  zinc  carbonate  with  70  per 
cent.  ZnO,  and  5 c.c.  of  water.  According  to  M.  Groger,  by  shaking  zinc  oxide 
with  a soln.  of  chromic  acid,  in  different  proportions,  and  after  a few  days,  deter- 
mining the  compositions  of  the  filtrate,  and  precipitate,  the  composition  of  the  soln. 
is  found  to  vary  continuously,  Fig.  49,  but  the  composition  of  the  solid  phase  shows 
discontinuities,  Fig.  49 ; if  the  concentrations  of  the  soln.  be  expressed  in  mols  per 
litre,  the  solid  phases  correspond  with 


CrO 

Zn03 

Solid. 


0-00010 

0-00016 


0-1140 

0-0720 


0-6660 

0-3720 


1-92 

1-03 


4-62 

2-41 


. 4Zn0.Cr03.3H20  3Zn0.Cr03.2H2O  2Zn0.Cr03.liH20  3Zn0.2Cr03 


!0 


t 

Vj  4 


0-f  0-8  1-2  i-6  20 

Mol.  ratio  CrO 3/ ZnO 

Fig.  49. — Equilibrium  Conditions 
in  the  System  : 
ZnO-CrO,-H,0  at  25°. 


Beyond  the  limit  Cr03 : ZnO— 4-62  : 2-41,  the  solid  phase  is  the  monohydrate, 
ZnCr04.H20.  The  soln.  also  contained  some  zinc  mono-  and  di-chromates.  All 

the  solids  were  crystalline  excepting  the  3:2:1 
compound.  The  monohydrated  monochromate 
did  not  lose  water  at  125° ; and  it  was  not 
found  possible  to  convert  it  into  the  insoluble, 
anhydrous  salt. 

According  to  J.  Schulze,  normal  zinc  chro- 
mate furnishes  microscopic,  lemon-yellow,  pris- 
matic crystals,  which  are  insoluble  in  water, 
easily  soluble  in  acids,  and  are  decomposed  by 
boiling  with  water  to  form  soluble  dichromate 
and  an  insoluble  basic  chromate.  M.  Groger’s 
observations  on  the  action  of  water  on  the 
monohydrate  are  summarized  in  Fig.  49. 
H.  S.  Taylor  and  G.  I.  Lavin  studied  the  action 
of  activated  hydrpgen  on  the  chromate. 
E.  C.  Franklin  said  that  zinc  chromate  is  in- 
soluble in  liquid  ammonia ; and  A.  Naumann,  that  it  is  insoluble  in  acetone. 
M.  Groger  said  that  the  product  of  the  action  of  zinc  chloride  on  an  excess 
of  ammonium  chromate  is  probably  zinc  amminochromate,  ZnCr04.NH3.H20. 
This  monohydrate  is  decomposed  by  water  ; and  forms  zinc  chromate  when  heated 
giving  off  nitrogen  and  water.  L.  Bieler  prepared  the  trihydrate' of  zinc  tetrammino- 
chromate,  ZnCr04.4NH3.3H20,  by  dissolving  the  basic  salt  in  the  smallest  amount 
of  aq.  ammonia,  and  adding  to  the  filtrate  2 or  3 times  its  vol.  of  absolute  alcohol. 
The  crystals  are  then  dissolved  in  aq.  ammonia,  some  ammonium  chloride  is  added, 
and  the  salt  again  precipitated  with  alcohol.  The  rhombic  plates  rapidly  effloresce 
forming  a yellow  powder.  The  salt  is  freely  soluble  in  aq.  ammonia,  and  in  dil. 
acids  ; but  it  is  decomposed  by  water  with  the  separation  of  a basic  salt. 
F.  J.  Malaguti  and  M.  Sarzeau  obtained  the  pentahydrate,  ZnCr04.4NH3.5H20,  by 
allowing  a basic  salt  to  stand  for  12  hrs.  in  a closed  flask  with  sat.  aq.  ammonia. 
The  salt  is  precipitated  from  the  clear  soln.  by  adding  alcohol.  The  yellow  cubes 
are  decomposed  by  water ; they  are  soluble  in  aq.  ammonia ; and  insoluble  in 
alcohol  and  ether.  By  mixing  the  4:1:5  basic  chromate  with  an  excess  of  aq. 
ammonia,  and  adding  alcohol,  F.  J.  Malaguti  and  M.  Sarzeau  obtained  yellow 
masses  of  acicular  crystals  of  zinc  decamminochromate,  2Zn0.3Cr03.10NH3.10H20. 

A number  of  basic  salts  has  been  reported  ; and  a number  of  these,  of  indefinite 
composition,  forms  the  so-called  zinc  yellow,  zinc  chrome,  Zinkgelb,  jaune  de  zinc,  or 
yellow  ultramarine  which  is  employed  as  a pigment.  T.  Thomson  prepared  the 
colour  in  1825  ; and  W.  A.  Lampadius,  in  1829.  C.  O.  Weber  prepared  a bright 
yellow,  flocculent  powder  by  treating  a soln.  of  zinc  sulphate  and  sodium  carbonate 
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with  potassium  chromate.  Its  composition  approximated  4Zn0.3Cr03.nH20. 
M.  Prud’homme  and  F.  Binder  obtained  a basic  salt  by  heating  zinc  hydroxide 
with  a soln.  of  potassium  chromate  and  dichromate.  The  zinc  yellows  have  been 
i discussed  by  L.  Bock,  J.  G.  Gentele,  G.  Zerr  and  G.  Riibencamp,  F.  Rose, 

S.  Tschelnitz,  etc.  The  colour  was  discussed  by  W.  Ackroyd.  The  conditions  of 
equilibrium  of  the  basic  salts  are  indicated  in  Fig.  49.  M.  Groger,  and  B.  Skormin 
obtained  zinc  trioxychromate,  4Zn0.Cr03.3H20,  as  a trihydrate , by  mixing  soln. 

j of  zinc  chloride  and  sodium  chromate  at  ordinary  temp. ; by  treating  the  basic 
potassium  or  ammonium  zinc  chromates  with  hot  water ; and  by  the  action  of 
chromic  acid  on  zinc  oxide  in  accord  with  the  conditions  indicated  in  Fig.  49. 
J.  Priissen  and  H.  Philippona  obtained  it  by  boiling  the  precipitate  obtained  by 
| mixing  zinc  sulphate  and  potassium  chromate  soln.  with  much  water  for  a long 
time.  F.  J.  Malaguti  and  M.  Sarzeau  said  that  the  pentahydrate  is  formed  when 
zinc  carbonate  is  treated  with  a soln.  of  Chromic  acid.  H.  Kopp  added  that  if  the 
chromic  acid  contains  sulphuric  acid  as  impurity,  the  precipitate  will  be  con- 
taminated with  basic  zinc  sulphate.  M.  Groger  obtained  zinc  dioxychromate, 
3Zn0.Cr03.2H20,  by  the  action  of  chromic  acid  on  zinc  oxide  in  accord  with  the 
conditions  indicated  in  Fig.  49.  M.  Groger,  and  B.  Skormin  likewise  prepared 
zinc  oxychromate,  2Zn0.Cr03.l|H20.  The  hemitrihydrate  was  also  prepared  by 

T.  Thomson,  A.  Bensch,  and  J.  Priissen  and  H.  Philippona  by  the  action  of  a soln. 
of  zinc  sulphate  on  one  of  potassium  chromate.  L.  Vanino  and  F.  Ziegler  added  a 
sat.  soln.  of  chromic  acid  to  a mol.  eq.  of  zinc  oxide  suspended  in  water,  constantly 
agitated.  The  zinc  oxide  passed  into  soln.  with  a rise  of  temp.  After  a time  an 
orange  or  brownish-yellow  product  separated  approximating  Zn0.ZnCr04.raH20. 
S.  H.  C.  Briggs  obtained  the  monohydrate  as  a yellow,  crystalline  powder  by  heating 
for  3 hrs.  in  a sealed  tube  a mixture  of  4 grms.  chromium  trioxide,  3 grms.  of  zinc 
oxide,  and  20  grms.  of  water.  M.  Groger  also  prepared  zinc  oxybischromate, 
3Zn0.2Cr03.H20,  by  the  action  of  chromic  acid  on  zinc  oxide  in  accord  with  the 
conditions  indicated  in  Fig.  49. 

It  is  doubtful  if  the  potassium  zinc  chromates  or  the  ammonium  zinc  chromates 
have  been  prepared.  The  products  which  have  been  reported  may  be  adsorption 
products  of  the  basic  salts.  M.  Groger  reported  products  with  the  mol.  ratios 
K20  : ZnO  : Cr03  : H20=1  : 5 : 4 : 6 ; 1:4:  4:3;  and  1 : 1 : 2 : 2.  L.  Vanino 
and  F.  Ziegler  found  that  on  mixing  a sat.  soln.  of  potassium  dichromate  at  100° 
with  zinc  sulphate  soln.  sat.  at  39°,  so  that  the  ratio  Cr03  : ZnO  is  1 : 1,  or  by  pouring 
one  soln,  into  the  Other,  in  either  case,  a deep  yellow  precipitate  is  formed  ; which 
after  filtering  and  washing  approximates  potassium  zinc  trioxybischromate, 
2K20.3Zn0.2ZnCr04.  It  is  supposed  that  the  zinc  chromate  first  formed  hydrolyzes 
when  washed  with  water,  forming  this  basic  chromate  or  a mixture  of  basic  chromates. 
He  showed  that  the  action  of  an  excess  of  zinc  chloride  in  an  aq.  soln.  of  N-  or 
3iV-K2Cr04  leads  to  the  formation  of  a yellow,  granular  precipitate,  which  has  the 
composition  4Zn0.K20.4Cr03.3H20.  By  repeated  treatment  with  hot  water, 
this  is  converted  into  the  insoluble  basic  zinc  chromate,  ZnCr04.3Zn(0H)2,  which 
is  a dark  yellow  powder.  When  fused,  the  zinc  potassium  chromate  evolves  oxygen, 
the  residue  consisting  of  potassium  chromate  and  insoluble  violet  zinc  chromite, 
8Zn0.3Cr203.  The  proportion  of  potassium,  and,  to  a less  extent,  that  of  chromium, 
is  increased  by  the  use  of  an  excess  of  the  potassium  chromate  ; with  Ar-soln.,  the 
precipitate  has  the  mol.  composition  Zn0.0394K20.1-094Cr03  ; with  3V-soln., 
ZnO.0-486K2O.l-222CrO3.  When  treated  with  hot  water,  these  precipitates 
yield  the  foregoing  basic  zinc  chromate.  These  precipitates  are  of  a deeper  yellow 
than  that  formed  in  presence  of  excess  of  zinc  salt,  but  after  prolonged  contact 
(2  weeks)  with  the  mother-liquor  they  assume  the  colour  and  composition  of  the 
latter.  The  action  of  zinc  chloride  on  sodium  chromate  leads  to  the  formation  of 
basic  zinc  chromate,  ZnCr04.3Zn(0H)2,  which  is  obtained  as  a horny  mass. 
Ammonium  chromate  and  excess  of  zinc  chloride  give  rise  to  a dark  yellow,  granular 
precipitate,  ZnO.0-279(NH4)2O.0-822CrO3,  which  is  possibly  a mixture,  and  is 
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decomposed  by  cold  water.  The  orange-yellow  precipitate,  formed  by  the  action 
of  an  excess  of  ammonium  chromate  on  zinc  chloride,  is  stable  to  water  or  its 
mother-liquor  and  has  the  composition-  (NH4)2Cr04.ZnCr04.Zn(0H)2.  When 
strongly  heated,  it  decomposes  suddenly,  evolving  nitrogen  and  water  vapour ; 
the  residue  is  a powder  consisting  of  zinc  oxide  and  chromite,  2Zn0.Cr203.  These 
salts  were  discussed  by  J.  J.  Berzelius,  C.  Freese,  J.  Priissen  and  H.  Philippona, 
C.  0.  Weber,  B.  Skormin,  and  L.  Bock.  According  to  S.  H.  C.  Briggs, 
ammonium  zinc  diamminobischromate,  (NH4)2.Zn(Cr04)2.2NH3,  is  formed  in 
lemon-yellow  crystals  by  adding  an  excess  of  ammonium  chloride  or  nitrate  to  a 
soln.  of  10  grms.  of  zinc  hydroxide  in  20  grms.  of  chromium  trioxide  in  a little 
water  and  all  diluted  to  200  c.c.  M.  Groger  obtained  it  in  prismatic  crystals  by  the 
action  of  ammonium  chromate  on  zinc  chloride  in  the  presence  of  a large  excess  of 
ammonia.  M.  Groger  also  reported  ammonium  zinc  triamminosexichromate, 
(NH4)4Zn4(Cr04)6.3NH3,  in  orange-yellow  crystals,  by  dropping  10  c.c.  of  2M-ZnCl2 
into  50  c.c.  of  a cold,  sat.  soln.  of  ammonium  chromate. 

J.  Schulze  prepared  normal  cadmium  chromate,  CdCr04,  by  heating  in  a sealed 
tube  at  200°,  a mixture  of  cadmium  dichromate  and  cadmium  hydroxide.  The 
pale  orange-coloured  powder  is  insoluble  in  water,  and  soluble  in  acids.  It  gradually 
decomposes  when  boiled  with  water.  S.  H.  C.  Briggs  obtained  it  by  heating  a 
mixture  of  3-5  grms.  cadmium  oxide,  3-6  grms.  chromium  trioxide,  and  20  c.c.  of 
water  in  a sealed  tube  at  200°  for  3 hrs.  He  said  that  the  yellow  powder  consisting 
of  prismatic  crystals  is  insoluble  in  a hot,  cone.  soln.  of  cadmium  sulphate.  G.  Viard 
said  that  the  salt  is  very  stable  and  begins  to  decompose  at  dull  redness.  When 
the  filtrate  is  allowed  to  stand  for  some  time,  it  deposits  crystals  of  the  dihydrate, 
CdCr04.2H20.  F.  J.  Malaguti  and  M.  Sarzeau  prepared  cadmium  tetrammino- 
chromate,  CdCr04.4NH3.3H20,  by  the  method  employed  for  the  corresponding 
zinc  salt.  By  adding  alcohol  to  the  acidic  soln.  of  the  oxychromate,  they  obtained  a 
crystalline  precipitate  of  cadmium  pentamminochromate,  2Cd0.3Cr03.5NH3.8H20. 
According  to  M.  Groger,  the- ammonium  salt,  (NH4)20.4Cd0.4Cr03.3H20,  can  be 
regarded  as  cadmium  hemiamminochromate,  2CdCr04.NH3.2H20  ; and  when  the 
salt  2(NH4)2Cr04.2CdCr04.NH3.3H20  is  allowed  to  stand  in  its  mother-liquor, 
for  3 weeks,  cadmium  amminochromate,  CdCr04.NH3.H20,  is  formed. 

F.  J.  Malaguti  and  M.  Sarzeau  prepared  cadmium  trioxybischromate, 
3Cd0.2CdCr04.8H20,  by  treating  a soln.  of  a cadmium  salt  with  potassium  chro- 
mate, and  boiling  the  precipitate  with  oft-removed  water  until  the  colour  no  longer 
changes.  The  orange-yellow  powder  is  very  slightly  soluble  in  water.  C.  Freese 
reported  cadmium  oxychromate,  Cd0.CdCr04.H20,  to  be  formed  from  boiling 
soln.  of  cadmium  sulphate  and  potassium  chromate.  Only  when  a large  excess 
of  chromate  is  present  is  the  product  free  from  acid.  C.  Freese  suggested  that  the 
trioxybischromate  is  really  this  salt ; while  B.  Skormin  obtained  a product 
4Cd0.3CdCr04  with  4-5  to  6-0H2O.  The  nature  of  the  product,  said  M.  Groger, 
depends  on  the  time  of  contact  of  the  precipitate  with  boiling  water.  Conse- 
quently the  nature  of  the  basic  salts  of  cadmium  chromate  is  still  sub  judice. 
B.  Skormin  described  cadmium  tetroxytrischromate,  4Cd0.3CdCr04.wH20. 
According  to  F.  Rose,  the  basic  chromate  has  been  used  as  a yellow  pigment ; but 
its  cost  limits  it  to  fine  art  work. 

According  to  M.  Groger,  cadmium  chloride  and  ammonium  chromate  in  aq.  soln. 
interact  to  form  a dark  yellow  precipitate  consisting  of  microscopic  prisms  of 
ammonium  cadmium  dihydroxyquadrichromate,  (NH4)2Cr04.3CdCr04.Cd(0H)2. 
2H20.  The  action  of  hot  water  on  this  precipitate  is  to  convert  it  into  a basic 
cadmium  chromate  ; and  when  heated,  the  salt  leaves  a green  residue — possibly 
cadmium  chromite.  If  10  c.c.  of  a soln.  of  cadmium  chloride  be  dropped  into 
50  c.c.  of  a soln.  of  ammonium  chromate,  with  constant  stirring,  deep  yellow, 
microscopic  prisms  are  precipitated.  The  composition  corresponds  with  ammonium 
cadmiumamminoquadrichromate,2(NH4)2Cr04.2CdCr04.NH3.3H20.  S.H.C. Briggs 
obtained  ammonium  cadmium  diamminochromate,  (NH4)2Cr04.CdCr04.2NH3,  by 
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dissolving  26  grms.  of  chromium  trioxide  and  13  grms.  of  cadmium  oxide  in  a little 
water,  diluting  the  soln.  to  200  c.c.  and  adding  ammonia  so  long  as  the  soln.  remained 
clear.  The  filtrate  is  allowed  to  stand  for  2 or  3 days.  The  yellow  crystals 
decompose  suddenly  when  heated  to  280°-290°.  The  potassium  cadmium  chromates 
resemble  the  corresponding  zinc  salts.  M.  Groger  reported  products  with  the  mol. 
ratios  K20  : CdO  : Cr03  : H20=1  : 7:5:3;  1:4:  4:3;  1:3:2:3^1:1:2:2; 
and  1 : 1 : 4 : 2.  G.  Kriiss  and  0.  Unger  also  prepared  the  1 : 1 : 4 : 2 complex  ; 
and  B.  Skormin,  1 : 7 : 5 : 3.  M.  Groger  observed  that  on  mixing  aq.  soln.  of 
potassium  chromate  and  pure  cadmium  chloride,  a canary-yellow,  granular  pre- 
cipitate is  formed  having  the  composition  K2Cr04.3CdCr04.Cd(0H)2.2H20.  Con- 
trary to  K.  Preis  and  B.  Rayman’s  statement,  this  same  precipitate  is  formed  by 
the  action  of  cadmium  sulphate  and  potassium  chromate.  Cadmium  potassium 
chromate  is  more  stable  to  boiling  water  than  is  zinc  potassium  chromate  ; but  is 
finally  converted  into  a lemon-yellow  powder,  84-53  per  cent,  of  which  is  cadmium 
chromate.  On  mixing  aq.  soln.  of  cadmium  chloride  and  sodium  chromate,  a yellow, 
flocculent  precipitate  is  formed  which  rapidly  becomes  granular  ; it  is  a basic 
cadmium  chromate  which  easily  loses  chromic  acid  when  washed  with  water  and 
absorbs  carbon  dioxide  when  exposed  to  air.  When  equal  vols.  of  cadmium  chloride 
and  sodium  chromate  soln.  are  mixed  hot  and  boiled  for  three  days,  during  which 
period  the  precipitate  formed  is  washed  twenty-four  times,  the  residue  obtained 
has  the  mol.  proportions  CdO  : 0-342Cr03  : 1-428H20. 

The  early  workers — L.  N.  Vauquelin,16  C.  M.  Marx,  S.  M.  Godon  de  St.  Menin, 
etc. — prepared  a basic  mercurous  chromate  by  treating  a soln.  of  mercurous  nitrate 
with  potassium  chromate.  The  presence  of  nitrous  acid  prevents  the  precipitation 
by  reducing  chromic  acid  to  chromic  oxide.  If  an  excess  of  nitric  acid  be  present, 
part  of  the  chromic  acid  forms  mercuric  oxide  and  chromic  nitrate  and  the  liquid 
becomes  amethysUblue,  but,  on  adding  more  mercurous  nitrate,  the  whole  of  the 
chromium  is  precipitated  as  mercurous  chromate.  The  same  product  is  obtained 
whether  the  soln.  be  hot  or  cold,  and,  added  P.  and  M.  M.  Richter,  statements  to 
the  contrary  are  based  on  the  use  of  mercurous  nitrate  contaminated  with  nitrite. 
The  analyses  of  L.  Gmelin,  F.  Fichter  and  G.  Oesterheld,  and  S.  M.  Godon  de  St. 
Menin  agree  with  the  assumption  that  the  basic  salt — mercurous  oxytrischromate, 
Hg20.3Hg2Cr04— is  formed.  C.  Freese,  and  F.  Fichter  and  G.  Oesterheld  also 
obtained  it  by  the  hydrolysis  of  mercurous  chromate.  The  bright  red  powder 
turns  black  when  exposed  to  light ; and  at  a red-heat  it  is  decomposed  into  chromic 
oxide,  oxygen,  and  mercury.  H.  Rose  said  that  it  dissolves  very  sparingly  in 
cold  water,  but  freely  in  boiling  water  to  form  a mercuric  salt.  A.  A.  Hayes  said 
that  hydrochloric  acid  converts  it  into  mercurous  chloride  and  chromic  acid  ; 
ammonia  converts  it  into  a black  powder  which,  together  with  the  mercurous  oxide, 
contains  about  half  the  chromium  as  chromic  oxide.  R.  H.  Brett  said  that  it  is 
slightly  soluble  in  aq.  soln.  of  ammonium  chloride  or  nitrate.  A.  A.  Hayes  added 
that  it  is  slightly  soluble  in  nitric  acid.  S.  Darby  found  that  basic  mercurous 
chromate  is  transformed  into  normal  mercurous  chromate,  Hg2Cr04,  by  boiling  it 
with  nitric  acid  ; and  F.  Fichter  and  G.  Oesterheld  obtained  it  by  dissolving  basic 
mercurous  chromate  in  boiling  5Ar-HN03,  and  cooling  ; and  also  by  treating  a 
normal  soln.  of  mercurous  nitrate  with  potassium  chromate.  C.  Freese  treated  an 
excess  of  a soln.  of  mercurous  nitrate  with  potassium  dichromate,  and  washed 
the  product  with  dil.  nitric  acid  ; L.  Schulerud  added  that  if  twice  the  proportion 
of  mercurous  nitrate  be  not  present,  some  dichromate  is  formed.  S.  Darby  found 
that  a complex  salt  is  produced  when  equimolar  parts  of  potassium  dichromate 
and  mercury  cyanide  are  mixed  in  soln.  and  enough  nitric  acid  added  to  the  boiling 
soln.  to  dissolve  the  precipitate  ; on  cooling,  mercurous  chromate  is  deposited  as  a 
crystalline  powder.  J.  A.  Atanasiu  found  that  in  the  electrometric  titration  of 
soln.  of  mercurous  nitrate  and  potassium  chromate  there  is  a break  corresponding 
with  the  formation  of  mercurous  dichromate.  Mercurous  chromate  may  form  red, 
rhombic  plates,  or  it  may  appear  as  a brown,  amorphous  precipitate  which  soon 
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becomes  red,  and  crystalline.  F.  Fichter  and  G.  Oesterheld  said  that  it  should  be 
precipitated  from  ice-cold  soln.  since  hydrolysis  occurs  at  higher  temp.,  and  basic 
salts  are  formed.  0.  D.  Swett  said  that  nitric  acid  is  a good  solvent  for  this 
chromate.  According  to  S.  Darby,  hydrochloric  acid  precipitates  mercury 
quantitatively  from  the  soln.  of  the  salt  in  nitric  acid  ; and  ammonia,  or  potassium 
hydroxide  gives  black  precipitates.  P.  and  M.  M.  Richter  found  that  potassium 
bromide,  iodide,  and  cyanide  react  similarly  ; the  iodide,  for  example,  precipitates 
green  mercurous  iodide  which,  with  more  potassium  iodide,  forms  mercury  and 
mercuric  iodide,  and  thus  dissolves  as  KHgI3  ; with  potassium  cyanide,  the  complex 
2K2Cr04.3HgCy2  is  formed.  F.  Fichter  and  G.  Oesterheld  said  that  the  salt  is 
less  soluble  in  a soln.  of  potassium  chromate  than  it  is  in  water.  A.  Naumann 
found  that  the  salt  is  insoluble  in  acetone  ; and  H.  Rose,  that  it  is  slightly  soluble 
in  dil.  nitric  acid,  very  soluble  in  cone,  nitric  acid,  soluble  in  a soln.  of  potassium 
cyanide,  and  insoluble  in  a soln.  of  mercurous  nitrate. 

F.  Fichter  and  G.  Oesterheld  observed  that  the  hydrolysis  of  normal  mercurous 
chromate  furnishes  the  oxytrischromate  [q.v.),  and  subsequently  mercurous 
oxybischromate,  Hg20.2Hg2Cr04.  This  salt  is  formed  when  freshly  precipitated 
mercurous  chromate  is  boiled  with  water  so  long  as  chromic  acid  passes  into  soln. 
If  precipitated  mercurous  chromate  be  allowed  to  stan4  under  the  mother-liquid, 
containing  an  excess  of  mercurous  nitrate  for  7 days,  or  if  it  be  boiled  with  mother- 
liquid  for  4 hrs.,  dark  red  microscopic  needles  of  the  oxybischromate  are  formed. 
P.  and  M.  M.  Richter  obtained  mercurous  dioxychromate,  2Hg20.Hg2Cr04,  by 
the  action  of  alkalies  on  mercurous  chromate.  This  salt  forms  black  crystals, 
which  when  dried  at  a high  enough  temp,  becomes  dark  green  or  brownish-black 
owing  to  the  loss  of  a little  mercury — vide  infra,  oxydimercuriammonium  chromate  ; 
for  the  properties  of  these  basic  chromates,  vide  swpra,  mercurous  oxytrichromate. 

M.  Groger  reported  potassium  mercurous  chromate,  K2Cr04.Hg2Cr04,  to  be 
formed  by  the  action  of  a soln.  of  mercurous  nitrate,  containing  as  little  free  nitric 
acid  as  possible,  on  a sat.  soln.  of  potassium  chromate.  After  shaking  for  a couple 
of  weeks,  the  solid  is  separated  by  a suction  filter,  and  dried  on  a porous  tile.  The 
brownish-yellow  product  decomposes  when  melted  ; and  when  treated  with  water 
it  furnishes  basic  mercurous  chromate. 

According  to  A.  Geuther,  and  A.  J.  Cox,  if  equimolar  parts  of  chromium  trioxide 
and  yellow  mercuric  oxide  be  boiled  with  water,  red  crystals  of  mercuric  chromate, 

HgCr04,  are  formed.  The  dark  garnet-red, 
rhombic  prisms  become  still  darker  when  heated, 
but  they  lose  no  weight  at  135°  ; at  a red-heat, 
the  salt  decomposes  yielding  mercury,  oxygen, 
and  chromic  oxide.  The  salt  is  hydrolyzed  by 
cold  water,  and  with  hot  water,  a residue 
7Hg0.2Cr03  is  formed;  the  hydrolysis  can  pro- 
ceed further  until  finally  mercuric  oxide  remains. 
If  the  cone,  of  the  chromic  acid  be  less  than 
0-46  mol  Cr03  per  litre,  the  normal  chromate  is 
unstable — Fig.  50.  Cold  cone,  nitric  acid  trans- 
forms the  salt  into  7Hg0.2Cr03  ; moderately 
cone,  nitric  and  sulphuric  acids  also  form 
7Hg0.2Cr03.  The  salt  is  completely  soluble  in  hydrochloric  acid,  and  from  this 
soln.,  alkali-lye  precipitates  mercuric  oxide.  M.  Groger  obtained  mercuric 
diamminochromate,  HgCr04.2NH3.H20,  by  dropping  a soln.  of  8-64  grms.  of 
mercuric  oxide  in  6 c.c.  of  nitric  acid  of  sp.  gr.  1-41,  and  diluted  to  20  c.c.  into 
50  c.c.  of  a soln.  of  2 mols.  of  ammonium  chromate.  A.  Naumann  said  that  the 
mercuric  chromate  is  insoluble  in  ethyl  acetate  and  in  acetone. 

A.  J.  Cox  studied  the  ternary  system  : Hg0-Cr03-H20  at  25°,  and  found  that 
under  these  conditions  only  one  basic  salt  is  formed.  The  invariant  points, 
A,  B,  E,  F,  G,  Fig.  50,  are  indicated  in  Table  IV.  where  concentrations  are  expressed 


Fig.  50. — Conditions  of  Equi- 
librium of  Mercuric  Chromates 
at  25°. 
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Table  IV. — Invariant  Points  in  the  System  Hg0-Cr03-H20  at  25° . 


Mols  Cr03. 

Mols  Hg. 

Solid  phases. 

Fig. 





HgO  + 3HgO . Cr03 

A 

0-456 

0-035 

3Hg0.Cr03+HgCr04 

B 

10-46 

0-758 

HgCr04 -f  Hg  2Cr  20  7 

E 

11-11 

— 

Hg2CraO,-f  Cr03 

F 

10-8 

— 

Cr03 

G 

in  mols  per  litre.  The  results  are  also  shown  graphically  in  Fig.  50.  It  was  also 
found  that  at  50° 


CrOa 

Hg 


0-00013  0-0047  0-705 
small  0-00015  0-0745 


0-499 

0-049 


0-620 

0-066 


0-740 

0-072 


1-006 

0-1 


HgO 


3HgO.CrOa 


labile 


stable 


HgCr04 


N.  A.  E.  Millon  boiled  yellow  mercuric  oxide  with  a soln.  of  potassium  dichromate 
and  obtained  mercuric  dioxychromate,  2Hg0.HgCr04,  or  3Hg0.Cr03.  B.  Skormin 
obtained  the  same  product  from  freshly  precipitated 
yellow  mercuric  oxide  and  an  excess  of  a soln.  of 
potassium  dichromate.  N.  A.  E.  Millon,  B.  Skormin, 

C.  Freese,  and  A.  J.  Cox  also  obtained  it  by  treating  a 
soln.  of  mercuric  nitrate  with  potassium  dichromate  or 
chromate.  The  conditions  of  equilibrium  are  illustrated 
by  Fig.  51.  N.  A.  E.  Millon  found  that  the  same  pro- 
duct is  obtained  with’  mercuric  chloride,  but  A.  Caillot 
could  not  prepare  it  with  mercuric  bromide.  A.  J.  Cox, 
and  A.  Geuther  obtained  it  by  the  hydrolysis  of  mercuric 
chromate  ;•  and  A.  Geuther,  by  pouring  a cold  solution 
of  mercuric  carbonate  in  cone,  nitric  acid  into  cold 
water — the  precipitate  is  at  first  yellow,  but  soon  be- 
comes scarlet-red.  B.  Skormin  also  prepared  this  salt. 

A.  J.  Cox  showed  that  the  minimum  cone,  of  acid  in 
which  the  salt  is  stable  is  0-00026 A7-HN 03  at  50°. 

J.  L.  Gay  Lussac  and  L.  J.  Thenard  found  that  mercuric 
chromate  is  decomposed  with  incandescence  when  heated 
with  potassium. 
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Fig.  51. — Conditions  of 
Equilibrium  in  the  Sys- 
tem : Hg0-Cr03-H„0  at 
25°. 


Several  other  basic  salts  have  been  reported  ; thus,  E.  Jager  and  G.  Kriiss,  and 
F.  W.  Clarke  and  D.  Stern  reported  6Hg0.Cr03,  but  neither  B.  Skormin,  nor  A.  J . Cox 
could  verify  its  existence  ; E.  Jager  and  G.  Kriiss  also  reported  5Hg0.Cr03,  but  A.  J.  Cox 
could  not  confirm  the  result  ; N.  A.  E.  Millon,  and  F.  W.  Clarke  and  D.  Stern,  4HgO.Cr03, 
but  neither  A.  J.  Cox,  nor  B.  Skormin  could  accept  the  evidence  : M.  Groger  stated  that 
this  compound  forms  the  ammino  compound  3(4Hg0.Cr03).2NH3.3H20,  by  extraction 
with  a soln.  of  ammonium  chromate.  A.  Geuther,  and  F.  W.  Clarke  and  D.  Stern  reported 
7Hg0.2Cr03,  but  C.  Freese,  B.  Skormin,  and  A.  J.  Cox  were  unable  to  verify  the  result  ; 
and  A.  Geuther  reported  2Hg0.Cr03,  but  A.  J.  Cox  could  not  confirm  the  result.  F.  Rose 
mentioned  the  use  of  the  basic  chromates  as  pigments — purple  red,  or  chrome  red. 

F.  M.  Litterscheid  added  ammonia  to  a soln.  of  potassium  dichromate,  mixed 
with  an  excess  of  mercuric  chloride,  in  the  cold  until  the  liquid  had  an  alkaline 
reaction ; and  obtained  dimercuriammonium  chromate,  (NHg2)2Cr04.2H20.  The 
same  product  was  obtained  by  adding  an  excess  of  ammonia  to  a cold  soln.  of 
mercuric  chloride,  and  then  adding  a soln.  of  potassium  chromate  or  dichromate. 
The  lemon-yellow  precipitate  gave  off  no  water  when  heated  for  many  hours  at 
100°  ; it  is  virtually  insoluble  in  water,  and  in  a cold  10  per  cent.  soln.  of  ammonia 
— free  from  ammonium  salts.  The  moist  salt  dissolves  in  soln.  of  ammonium  salts. 


284 


INORGANIC  AND  THEORETICAL  CHEMISTRY 


The  moist  compound  is  freely  soluble  in  10  per  cent,  hydrochloric  acid,  but  if  the 
salt  has  been  dried  it  dissolves  with  difficulty.  The  dried  salt  is  easily  soluble  in 
25  per  cent,  hydrochloric  acid ; and  is  insoluble  in  boiling,  cone,  nitric  or  sulphuric 
acid,  with  gradual  decomposition ; the  moist  salt  is  more  easily  attacked 
by  these  acids.  F.  W.  Clarke  and  D.  Stern  obtained  what  they  regarded 
as  a complex  salt,  ammonium  dimercuriammonium  chromate.  According  to 
E.  C.  Franklin,  a salt  of  this  composition  can  be  regarded  as  mercuric 
kydroxyimidochromate,  (HO.Hg.NH.Hg)2Cr04 ; or  as  oxydimercuriammonium 
chromate,  (NH2.Hg.0.Hg)2Cr04.  F.  Fichter  and  G.  Oesterheld  obtained  it  by  the 
action  of  aq.  ammonia  on  mercurous  chromate,  and  said  that  P.  and  M.  M.  Richter 
were  wrong  in  saying  that  the  product  of  the  action  is  mercurous  dioxychromate  ; 
the  action  of  alkalies  furnishes  a mixture  of  mercurous  oxide,  or  mercuric  oxide 
and  mercury.  C.  Hensgen  obtained  this  product  by  the  action  of  a hot,  cone.  soln. 
of  ammonium  chromate  on  mercuric  chloride,  and  by  boiling  the  complex  dichromate 
with  aq.  ammonia  or  potash-lye  ; C.  H.  Hirzel,  by  digesting  basic  oxydimercuri- 
ammonium chromate  ( vide  infra)  with  aq.  ammonia,  and  washing  with  hot  water  ; 
and  B.  Skormin,  by  mixing  an  excess  of  a cold,  cone.  soln.  of  ammonium  chromate 
with  mercuric  nitrate,  and  boiling  the  orange-yellow,  amorphous  precipitate  with 
water  until  it  gives  no  reaction  for  nitric  acid,  and  is  colourless.  The  yellow 
product  can  be  represented  as  an  amidochromate,  3Hg0.Hg(NH2)2Cr03 ; it 
becomes  greyish-yellow  at  100°,  and  begins  to  decompose  into  ammonia  and  a 
basic  mercuric  amidochromate,  3Hg0.Hg(NH2)2Cr03.  When  heated  in  a tube,  it 
gives  a yellowish-red  sublimate  and  mercury  ; it  glows  brightly  with  sparking 
when  heated  in  air  ; it  is  not  decomposed  by  potash-lye,  but  with  a boiled  soln. 
ammonia  is  evolved  ; it  develops  ammonia  when  heated  with  a soln.  of  potassium 
iodide  ; and  it  is  soluble  in  hydrochloric  acid,  but  nitric  and  sulphuric  acids  have 
scarcely  any  action. 

C.  H.  Hirzel  prepared  oxydimercuriammonium  mercuric  oxyquadrichromate, 

Hg0.3HgCr04(NH2.Hg.0.Hg)2Cr04.  He  said  that  a cold  soln.  of  ammonium 
dichromate  has  no  apparent  action  on  yellow  mercuric  oxide  ; but  when  the 
mixture  is  boiled  this  salt  is  formed  as  an  orange-yellow,  sandy  powder.  C.  Hensgen 
regarded  it  as  a mixture  of  mercuric  oxide  or  basic  mercuric  chromate,  and 
ammonium  oxydimercuriammonium  dichromate  ; and  E.  C.  Franklin  represented 
it  by  the  formula  3HgCr04.Hg0.(H0.Hg.NH.Hg)2Cr04.  C.  H.  Hirzel  found  that 
when  heated  in  a tube,  the  compound  darkens  in  colour  and  then  decomposes 
with  a feeble  detonation  ; or  it  may  yield  nitrous  vapours,  a yellow  sublimate  of 
mercury,  and  chromic  oxide.  Ammonia  transforms  it  into  lemon-yellow  oxydi- 
mercuriammonium chromate  ; potash-lye  makes  the  colour  paler,  but  gives  no 
ammonia  ; boiling  soln.  of  potassium  iodide  or  sulphide  liberate  the  nitrogen 
quantitatively  as  ammonia  ; cone,  nitric  acid  decomposes  it  without  its  passing 
into  soln.  ; and  it  forms  a reddish-yellow  soln.  with  hydrochloric  acid. 

S.  Lowenthal  described  mercuric  amidochromate,  Hg3NH2(Cr04)2  ; and  M.  Groger 
said  that  'potassium  mercuric  chromate  is  not  produced  by  treating  mercuric  nitrate 
or  chloride  as  in  the  analogous  process  for  the  mercurous  salt,  but  rather  yields  a 
basic  chromate  which  adsorbs  potassium  chromate. 

A.  J.  Fairrie,17  and  C.  W.  Eliot  and  F.  H.  Storer  treated  a soln.  of  potash-alum 
with  potassium  chromate,  and  obtained  a precipitate  which  after  pressing,  corre- 
sponded with  aluminium  dioxychromate,  Al202.Cr04.»iH20.  M.  Siewert,  and 
A.  Maus  also  dissolved  aluminium  hydroxide  in  a soln.  of  chromic  acid,  and  on 
evaporating  the  liquid,  obtained  aluminium  hydroxide,  and  an  acidic  soln. 
E.  Fleischer  observed  that  no  precipitate  is  produced  by  adding  potassium 
dichromate  to  a soln.  of  potash-alum  ; and  when  the  liquid  is.evaporated  alum  first 
crystallizes  out,  and  then  potassium  dichromate.  There  is  here  no  satisfactory 
evidence  of  the  formation  of  an  aluminium  chromate.  L.  Blanc,  however,  regarded 
the  formation  of  the  basic  chromate  as  proved.  According  to  M.  Groger,  the 
addition  of  aq.  potassium  chromate  to  a soln.  of  potassium-alum  precipitates  basic 
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aluminium  sulphates  ; as  the  quantity  of  the  chromate  is  increased,  the  precipitate 
becomes  mixed  with  an  increasing  amount  of  chromate  ; when  the  alum  and  potas- 
sium chromate  are  in  the  ratio  A1203  : 2Cr03,  no  precipitate  is  formed.  On  mixing 
soln.  of  aluminium  chloride  and  potassium  chromate,  a yellow  precipitate  is  formed 
which  has  the  composition  2Al203.Cr03.6H20  ; the  precipitation  of  the  aluminium 
is  not  complete  until  3 mols  of  potassium  chromate  have  been  added  for  each  mol 
of  aluminium  chloride.  Soln.  made  by  dissolving  aluminium  hydroxide  in  chromic 
acid  always  contain  A1203  and  Cr03  in  the  proportion  of  1 : 1-4  to  1-45  ; from  this 
soln.,  the  insoluble  basic  chromate  mentioned  above  separates  on  keeping.  No 
indication  was  observed  of  the  formation  of  the  compound  Al203.Cr03.7H20, 
described  by  A.  J.  Fairrie.  N.  A.  Orloff  said  that  aluminium  chromate,  like 
beryllium  chromate,  is  hydrolyzed  by  water  without  forming  any  definite  basic 
salt ; and  L.  Petrik  represented  the  reaction : Al2(S04)3+3K2Cr04+3H20 

=Al2(0H)6-f-3Cr03+3H2S04 — • vide  supra,  the  colour  of  chromic  oxide. 
S.  H.  C.  Briggs  added  a soln.  of  4 grms.  of  hydrated  aluminium  chloride  in  25  c.c. 
of  water  to  a soln.  of  15  grms.  of  sodium  chromate  in  30  c.c.  of  water,  and  heated 
the  mixture  for  an  hour  on  the  water-bath.  The  filtered  precipitate  was  washed 
with  a little  water,  and  dried  in  vacuo.  A mixture  of  2 grms.  of  chromic  trioxide, 
2 c.c.  of  water,  and  1-8  grms.  of  the  powdered  product  was  heated  irf  a sealed 
tube  at  200°  to  210°  for  4 hrs.,  and  the  crystalline,  insoluble,  lemon-yellow 
product  corresponded  with  aluminium  oxydichromate,  3Al203.2Cr03.6H20,  or 
Al203.2(A10)2Cr04.6H20.  . 

According  to  R.  E.  Meyer,18  and  C.  Winkler,  a soln.  of  a neutral  salt  of  indium 
gives  an  insoluble  precipitate  of  an  indium  chromate  when  treated  with  an  alkali 
chromate.  A soln.  of  indium  sesquioxide  in  aq.  chromic  acid,  does  not  crystallize 
when  evaporated,  or  when  allowed  to  stand  in  a desiccator.  Only  a viscid  syrup  is 
produced.  W.  Crookes 19  observed  that  thallous  chromate,  Tl2Cr04,  is  precipitated 
when  a soln.  of  a neutral  thallous  salt  is  treated  with  potassium  chromate  ; and 
also  by  digesting-  thallous  dichromate  with  ammonia.  E.  Carstanjen  obtained  it 
from  a soln.  of  thallous  carbonate  in  aq.  chromic  acid.  G.  Canneri  observed  that 
M.  Groger’s  method  for  basic  lead  chromates  yields  with  thallous  salts,  only  the 
normal  chromate.  The  action  of  dil.  acid  on  thallous  chromate  yields  thallous 
dichromate,  but  if  a quantity  of  sulphuric  acid  insufficient  to  dissolve  the  chromate 
is  employed  and  the  boiling  soln.  is  filtered  and  cone,  thallous  hydrochromate, 
TlHCr04.Tl2Cr04,  in  cinnabar-red  crystals,  and  often  in  cruciform  twins,  is  formed. 
Thallous  chromate  darkens  when  heated,  and  then  melts  without  decomposition.  At 
a higher  temp,  the  salt  decomposes.  J.  W.  Retgers  said  that  the  crystals  are  probably 
not  isomorphous  with  potassium  chromate  or  thallous  sulphate.  According  to 
G.  Canneri,  the  e.m.f.  of  the  electrode,  mercury  amalgam  against  a saturated  thallous 
chromate  soln.  varies  continuously  with  the  temp.,  the  curve  exhibiting  no  character- 
istic point  corresponding  with  the  change  in  colour  which  thallous  chromate  crystals 
undergo  when  heated  at  60°.  Similarly  the  conductivity  of  sat.  thallous  chromate 
shows  no  sudden  variation  between  25°  and  90°.  The  pale  yellow  or  lemon-yellow 
amorphous  precipitate  is  slightly  soluble  in  water.  E.  Rupp  and  M.  Zimmer  said 
that  100  parts  of  water  at  60°  dissolve  0-03  part  of  thallous  chromate  ; and 
P.  E.  Browning  and  G.  P.  Hutchins  said  that  100  grms.  of  water  at  100°  dissolve 
0-2  grm.  E.  Carstanjen  observed  that  it  is  attacked  by  dil.  hydrochloric  acid  ; 
and  W.  Crookes  found  that  it  is  dissolved  by  moderately  cone,  boiling  hydrochloric 
! acid,  and  on  cooling  vermilion-red  crystals  separate — probably  the  trichromate. 
E.  Carstanjen  added  that  with  cone,  hydrochloric  acid,  thallous  chloride  is  separated, 
and  a green  soln.  is  formed.  W.  Crookes  also  observed  the  formation  of  thallium 
chloride  by  the  action  of  cone,  hydrochloric  acid.  E.  Carstanjen  found  that  dil. 
Sulphuric  acid  attacks  thallous  chromate  slowly  in  the  cold,  and  when  the  acid  is 
heated,  E.  Willm  said  that  the  di-  or  tri-chromate  is  formed.  With  cone,  sul- 
phuric acid,  violet  thallium  chrome-alum  separates  out.  E.  Carstanjen  observed 
that  dil.  nitric  acid,  as  well  as  cone,  acetic  acid,  do  not  dissolve  thallous  chromate  in 
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the  cold,  but  with  boiling  soln.,  a little  chromate  is  dissolved.  It  also  behaves 
similarly  towards  aq.  soln.  of  ammonia  and  sodium  carbonate.  M.  Lachaud  and 
C.  Lepierre  found  that  a litre  of  boiling  iV-KOH  dissolves  3-5  grms.  of  thallous 
chromate,  and  on  cooling,  almost  all  separates  out  in  six-sided  pyramidal  crystals. 
A soln.  of  potash-lye  of  sp.  gr.  1-3  dissolves  18  grms.  of  chromate  per  litre.  Molten 
potassium  hydroxide  converts  it  into  thallic  oxide.  When  thallous  and  potassium 
chromates  are  melted  with  potassium  nitrate,  potassium  thallous  chromate, 
KTlCr04,  or  K2Cr04.Tl2Cr04,  is  formed.  M.  Hebberling,  and  W.  Strecker  observed 
that  reddish-yellow  or  brown  precipitates  are  obtained  when  soln.  of  thallic  salts 
are  treated  with  soluble  chromates  or  dichromates.  The  result  is  thallic  chromate. 
According  to  G.  Canneri,  thallic  chromate  may  be  obtained  pure  as  a golden  yellow, 
crystalline  powder  by  dissolving  freshly-precipitated  thallic  oxide  in  excess  of 
chromic  anhydride  soln.  According  to  L.  F.  Hawley,  potassium  thallic  chromate, 
KTl(Cr04)2.2H20,  is  obtained  by  adding  potassium  hydroxide  to  a soln.  of  thallic 
hydroxide  in  chromic  acid.  The  yellow.salt  is  rapidly  hydrolyzed  by  water  unless 
a large  excess  of  chromic  acid  is  present. 

L.  Haber  20  observed  no  precipitation  occurs  when  cerium,  lanthanum,  and 
didymium  salts  are  boiled  with  chromic  acid,  or  with  potassium  or  sodium 
dichromate,  but  a basic  salt  is  precipitated  when  thorium  or  zirconium  salts  are 
similarly  treated.  J.  F.  J ohn,  and  A.  Beringer  found  that  a soln.  of  cerous  carbonate 
in  aq.  chromic  acid  slowly  deposits  cerous  chromate  as  a yellow  powder,  and  when 
the  mother-liquor  is  evaporated,  crystals  of  an  acid  salt  are  formed.  According  to 
S.  John,  soln.  of  cerous  salts  also  give  precipitates  of  basic  cerous  chromates 
when  treated  with  soln.  of  potassium  chromate  or  dichromate.  F.  Zambonini 
and  G.  Carobbi  found  that  when  an  intimate  mixture  of  cerous  chloride  and 
potassium  chromate  is  heated  to  1000°,  chromic  oxide  and  cerium  dioxide  are 
formed.  M.  M.  Pattison  and  J.  Clarke  found  that  when  the  chromates  obtained 
by  evaporating  to  dryness  a soln.  of  the  mixed  oxides  of  cerium,  didymium,  and 
lanthanum  in  chromic  acid,  are  heated  to  about  110°,  only  the  cerium  chromate  is 
decomposed  to  form  an  insoluble  powder,  while  the  chromates  of  didymium  and 
lanthanum  remain  unchanged.  A.  Brauell,  and  L.  M.  Dennis  and  B.  Dales  founded 
analytical  processes  on  this  reaction ; G.  Kriiss  and  A.  Loose,  and  W.  Muthmann 
and  C.  R.  Bohm  found  that  the  fractional  precipitation  by  potassium  chromate  of 
the  ceria  earths  proceeds  in  the  order  : La,  Pr,  Nd,  Sm  ; and  of  the  yttria  earths, 
in  the  order  : Tb,  Yb,  Er,  Y,  Gd.  Processes  of  separation  have  been  devised — by 
J.  E.  Egan  and  C.  W.  Balke,  B.  S.  Hopkins  and  C.  W.  Balke,  H.  Moissan  and 
A.  fitard,  C.  R.  Bohm,  W.  Muthmann  and  C.  R.  Bohm,  L.  M.  Dennis  and  B.  Dales, 
R.  J.  Meyer  and  J.  Wuorinen,  H.  C.  Holden  and  C.  James,  and  C.  James — based 
on  this  reaction — vide  5.  38,  6.  According  to  F.  Frerichs  and  F.  Smith,  a soln.  of 
lanthanum  sulphate  and  potassium  chromate  gives  a precipitate  consisting  of 
lanthanum  chromate,  La2(Cr04)3.8H20.  Lanthanum  chromate  is  very  liable  to 
form  a sparingly  soluble  potassium  complex  salt  so  that  P.  T.  Cleve  said  that  the 
precipitate  probably  contains  the  complex  salt.  The  precipitate  is  yellow,  granular, 
and  consists  of  microscopic  crystals.  It  is  sparingly  soluble  in  cold  water  and  freely 
soluble  in  acids.  P.  T.  Cleve  obtained  the  octohydrate  by  treating  a soln.  of 
lanthanum  nitrate  with  potassium  chromate.  H.  T.  S.  Britton  also  prepared  the 
octohydrate  of  lanthanum  chromate  by  dissolving  about  2 grms.  of  the  rare  earth 
in  the  minimum  amount  of  chromic  acid  soln.  ; diluting  the  liquid  to  2 litres  ; and 
gradually  adding  Olil/-K2Cr04.  When  the  amount  of  chromic  acid  used  was  kept 
sufficiently  low,  the  quantity  of  potassium  chromate  required  was  small,  thereby 
causing  the  simple  chromate  alone  to  be  precipitated,  but  if  too  great  a quantity 
of  acid  had  been  employed  a correspondingly  large  amount  of  precipitant  was 
necessary,  and  this  often  caused  the  precipitation  of  double  chromates  together 
with  varying  amounts  of  simple  chromates.  The  salt  is  a bright  yellow  mass  of 
microscopic,  prismatic  needles.  100  grms.  of  water  at  25°  dissolve  0-020  grin, 
calculated  as  anhydrous  salt.  The  solubility  is  less  at  higher  temp.  F.  Zambonini 
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and  G.  Carobbi  obtained  the  anhydrous  salt  by  heating  the  rare  earth  chloride 
and  potassium  chromate  over  600° ; and  they  obtained  the  tnonohydrate, 
La2(Cr04)3.H20,  by  precipitation  from  cold  soln.  G.  Carobbi  studied  the  system 
La2(Cr04)3-(NH4)2Cr04-H20  at  25° — Fig.  52.  The  only  complex  salt  formed  was 
ammonium  lanthanum  hexachromate,  La2(Cr04)3.3(NH4)2Cr04.5H20.  The  study 
of  the  system  is  complicated  by  the  alteration  of  ammonium  chromate  into 
dichromate,  so  that  when  the  ammonium  chromate  is  in  excess,  ammonium 
dichromate  crystallizes  out,  and  when  lanthanum  chromate  is  in  excess,  the  salt 
La2(Cr04)3.8H20  separates.  H.  T.  S.  Britton  obtained  potassium  lanthanum 
tetrachromate,  K2Cr04.La2(Cr04)3.6H20,  as  indicated  above.  P.  T.  Cleve  found 
that  if  an  excess  of  potassium  chromate  be  employed,  there  is  formed  potassium 
lanthanum  heptachromate,  4K2Cr04.La2(Cr04)3.raH20.  G.  Carobbi  studied  the 
system  La2(Cr04)3-K2Cr04-H20  at  25°,  and  found  that  the  existence  of  the 
hydrated  complex  chromates,  1:1:2;  1:3:2;  1:4:2;  1 -4:5:2;  and 

1:5:2,  are  indicated  on  the  isothermal  curve,  Fig.  53.  F.  Frerichs  and  F.  Smith 
obtained  a precipitate  resembling  that  with  the  lanthanum  salt  when  a soln.  of 
a didymium  salt  is  treated  with  potassium  chromate.  The  precipitated  didymium 
chromate,  Di2(Cr04)3.8H20,  was  said  by  P.  T.  Cleve  to  be  contaminated  with  a 
complex  potassium  salt  which  is  obtained  by  treating  a soln.  of  didymium  nitrate 
with  an  excess  of  potassium  chromate.  H.  T.  S.  Britton  also  obtained  the  bright 
yellow  octohydrate  of  praseodymium  chromate,  Pr2(Cr04)3.8H20,  as  in  the  case  of 
the  lanthanum  salt ; 100  grms.  of  water  at  25°  dissolve  the  eq.  of  0-021  grm.  of 
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the  anhydrous  salt.  F.  Zambonini  also  prepared  the  anhydrous  salt,  as  well  as 
the  decahydrate,  Pr2(CrO4)3.10H2O,  by  the  methods  indicated  in  connection  with 
the  anhydrous,  and  the  monohydrated'  lanthanum  salts.  H.  T.  S.  Britton  likewise 
prepared  the  dull  yellow  octohydrate  of  neodymium  chromate,  Nd2(Cr04)3.8H20,  with 
a solubility  of  0-027  grm.  per  100  grms.  of  water  at  25°.  E.  Baur  said  that  this 
salt  is  olive-brown  ; and  N.  A.  Orloff,  moss-green.  As  in  the  case  of  the 
praseodymium  salt,  F.  Zambonini  and  G.  Carobbi  also  prepared  the  anhydrous  salt, 
and  the'  decahydrate.  By  adding  an  excess  of  potassium  chromate  to  the  soln. 
of  a didymium  salt,  P.  T.  Cleve  obtained  yellow  potassium  didymium  chromate, 
K2Cr04.Di2(Cr04)3.nH20.  It  is  hydrolyzed  when  washed  with  water  with  the  loss 
of  potassium  chromate.  H.  T.  S.  Britton  obtained  a mixture  of  a basic  chromate 
and  potassiurq  praseodymium  chromate  by  adding  an  excess  of  potassium  chromate 
to  a chromic  acid  soln.  of  praseodymia ; and  similarly  with  potassium  neodymium 
chromate.  H.  T.  S.  Britton  obtained  the  octohydrate  of  samarium  chromate, 
Sa2(Cr04)3.8H20,  as  in  the  case  of  the  lanthanum  salt ; 100  grms.  of  water  at  25°  dis- 
solved 0-043  grm.  of  the  salt  calculated  as  anhydrous.  F.  Zambonini  and  G.  Carobbi 
prepared  the  anhydrous  salt  and  the  enneahydrate,  Sa2(Cr04)3.9H20,  as  in  the  case 
of  the  anhydrous  and  monohydrated  lanthanum  salts.  By  adding  potassium 
chromate  to  a soln.  of  a samarium  salt,  P.  T.  Cleve  obtained  a yellow,  crystalline 
precipitate  of  potassium  samarium  chromate,  K2Cr04.Sa2(Cr03)3.6H20.  No 
precipitation  occurs  with  potassium  dichromate.  H.  T.  S.  Britton  found  that 


288 


INORGANIC  AND  THEORETICAL  CHEMISTRY 


with  an  excess  of  potassium  chromate  the  composition  of  the  yellow  flocculent 
precipitate  varied  with  the  composition  of  the  precipitant ; a complex  salt  is  probably 
formed.  The  application  of  the  phase  rule  is  required  to  establish  the  nature  of 
the  complex  salts.  In  general,  the  addition  of  a soln.  of  potassium  chromate  to  an 
aq.  salt  soln.  causes  the  precipitation  of  (a)  in  the  case  of  lanthanum,  the  simple 
chromate  if  the  excess  of  precipitant  is  small,  (b)  praseodymium,  the  simple  chromate, 
(c)  neodymium,  a mixture  of  simple  and  basic  chromates,  (d)  samarium,  a basic 
chromate  of  indefinite  composition.  H.  T.  S.  Britton  continued  : The  only  normal 
chromates  which  have  been  found  hitherto  belong  to  the  cerite-group,  the  bases  of 
which  are  believed  to  be  among  the  strongest  of  the  rare  earths.  Even  among  the 
members  of  this  group  there  is  a gradually  increasing  tendency  to  form  basic 
chromates  in  the  case  of  the  weaker  bases,  neodymia  and  samaria. 

G.  Kriiss  and  A.  Loose,  and  W.  Muthmann  and  C.  R.  Bohm  obtained  precipitates 
of  terbium  chromate,  and  of  gadolinium  chromate  by  adding  potassium  chromate 
to  soln.  of  the  corresponding  salts.  P.  B.  Sarder  obtained  the  complex  potassium 
gadolinium  chromates,  K2Cr04.Gd2(Cr04)3.?H20,and  5K2CrO4.2Gd2(CrO4)3.10H2O. 
G.  Jantsch  and  A Ohl  prepared  dysprosium  chromate,  Dy2(Cr04)3.10H20,  as  a 
sparingly  soluble  precipitate,  by  the  interaction  of  soln.  of  the  nitrate  and  of  potas- 
sium chromate.  The  greenish-yellow,  crystalline  powder  is  soluble  in  water — at 
25°,  100  c.c.  of  the  soln.  contain  1-0002  grms.  of  salt.  When  heated  to  150°,  the 
chromate  loses  3-5  mols.  of  water ; and  at  150°,  it  decomposes.  N.  J.  .Berlin  said 
that  a basic  yttrium  chromate  is  formed  when  a soln.  of  chromic  acid  is  sat.  with 
yttria.  The  brown  soln.  deposits  a brown  powder.  The  salt  was  also  obtained 
by  0.  Popp,  G.  Kriiss  and  A.  Loose,  and  W.  Muthmann  and  C.  R.  Bohm.  J.  F. John 
observed  that  a soln.  of  yttrium  carbonate  in  aq.  chromic  acid  deposits  orange- 
yellow  crystals,  of  yttrium  chromate,  Y2(Cr04)3.wH20,  easily  soluble  in  water. 
N.  J.  Berlin  said  that  the  spontaneous  evaporation  of  the  soln.  gives  yellowish-brown 
deliquescent  crystals.  P.  T.  Cleve  obtained  potassium  yttrium  chromate, 
K2Cr04.Y2(Cr04)3.»H20>  as  a yellow,  crystalline  powder,  by  the  action  of  potassium 
dichromate  on  yttrium  carbonate.  G.  Kriiss  and  A.  Loose,  and  W.  Muthmann 
and  C.  R.  Bohm  also  prepared  erbium  chromate,  and  ytterbium  chromate. 

According  to  S.  M.  Godon  de  St.  Menin,21  when  an  aq.  soln.  of  chromic  acid  mixed 
with  hydrated  silicic  acid  is  evaporated,  a reddish-yellow  powder — silicon  chromate — 
is  formed,  insoluble  in  water,  and  is  not  decomposed  at  an  elevated  temp.  It  is 
highly  probable  thnt  no  compound  is  formed.  G.  A.  Quesneville,  however,  said 
that  very  little  silicic  acid  is  taken  up  by  the  soln.,  and  that  all  the  chromic  acid 
is  removed  by  washing.  M.  Blondel  found  that  a cone.  aq.  soln.  of  chromic  acid 
dissolves  titanic  acid  in  amounts  depending  on  the  cone.,  and  temp,  of  the  soln 
and  on  the  previous  history  of  the  titanic  acid.  When  a cone.  soln.  containing  one 
part  of  titanic  oxide  and  4 parts  of  chromium  trioxide  is  diluted  with  8 parts  of 
water  at  50°  or  G parts  of  water  at  100°,  titanium  tetroxychromate,  3Ti02.2Cr03.H20, 
or  Ti02.2(Ti0)Cr04.H20,  is  precipitated  ; with  25  parts  of  cold  water,  or  8 parts  of 
water' at  100°,  titanium  trioxychromate,  Ti02.(Ti0)Cr04.2H20,  is  produced  ; while 
with  50  parts  of  cold  water  or  12  parts  of  water  at  100°,  titanium  pentoxychromate, 
2Ti02.(Ti0)Cr04.3H20,  is  formed.  On  adding  an  eq.  of  ammonia  to  the  same 
cone.  soln.  of  the  two  oxides,  Ti02.(Ti0)Cr04.2H20  is  precipitated,  and  the 
evaporation  of  the  mother-liquor  in  vacuo  yields  hexagonal  prisms  of  ammonium 
titanium  chromate,  (NH4)2Cr04.Ti(Cr04)2.H20.  All  this  has  not  yet  been  verified. 
M.  Weibull  found  that  zirconium  chromate  is  precipitated  when  a zirconium  salt 
soln.  is  treated  with  chromic  acid  or  a dichromate.  The  flocculent,  orange-red 
precipitate  is  sparingly  soluble  in  dil.  acids  ; and  when  washed  with  water  chromic 
acid  passes  into  soln.  L.  Haber  said  that  the  composition  of  the  precipitate  is 
indefinite.  F.  1*.  Venable  and  L.  V.  Giles,  however,  said  that  a definite  salt 
2Zr0(()H)2.Zr0CV04.8H20,  zirconyl  tetrahydroxychromate,  is  produced  as  a 
granular,  yellow  precipitate  by  dissolving  zirconium  hydroxide  in  a boiling  soln. 
of  chromic  acid,  diluting,  and  again  boiling  the  soln.  The  compound  obtained  loses 
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a considerable  quantity  of  its  water  at  110°,  but  the  whole  of  it  is  lost  only  at  200°. 
It  is  suggested  that  its  formation  occurs  as  follows  : first,  normal  zirconium  chromate 
is  formed,  which  is  immediately  hydrolyzed  to  ZrOCr04  ; some  of  the  zirconium 
hydroxide  is  partly  dehydrated  to  give  ZrO(OH)2.  These  two  substances  then 
combine  to  give  the  yellow  insoluble  basic  salt.  According  to  P.  Krishnamurti 
and  B.  B.  Dey,  the  addition  of  a large  excess  of  a sat.  soln.  of  potassium  dichromate 
to  a cone.  soln.  of  zirconium  oxychloride  precipitates  zirconium  octohydroxy- 
chromate,  Zr3(0H)8(Cr04)2 ; with  a dil.  soln.  of  the  zirconium  salt,  zirconium 
hexahydroxychromate,  Zr2(0H)6Cr04,  is  formed ; and  with  very  dil.,  boiling  soln. 
of  the  oxychloride,  and  only  a slight  excess  of  dichromate,  the  product  washed  with 
boiling  water  corresponds  with  zirconium  decahydroxychromate,  Zr3(OH)10CrO4. 
S.  H.  C.  Briggs  added  a soln.  of  7 grms.  of  crystalline  zirconium  nitrate  in  50  c.c. 
of  water  to  10  grms.  of  potassium  dichromate  in  80  c.c.  of  water,  after  a day,  the 
precipitate  was  filtered  off,  washed  with  a little  water,  and  dried  in  vacuo,  2-5  grms. 
of  the  dried  powder  was  heated  in  a sealed  tube  at  190°  for  3|  hrs.  with  6 grms. 
chromic  trioxide,  and  6 c.c.  of  water.  The  orange-red,  homogeneous,  insoluble, 
crystalline  powder  had  the  composition  of  zirconium  hexacosioxypentachromate, 
9Zr02.5Cr03.12H20,  or  13Zr02.5Zr(Cr04)2.24H20. 

W.  Muthmann  and  E.  Baur  22  found  that  if  a soln.  of  potassium  chromate  is 
dropped  carefully  into  a boiling  soln.  of  commercial  thorium  nitrate,  first  thorium 
will  be  precipitated  completely  as  chromate  and  afterwards  some  rare  earths  begin 
to  appear,  indicated  by  a change  in  colour  of  the  precipitate.  This  is  the  principle 
of  E.  Baur’s  method  of  separating  the  rare  earths — vide  supra.  C.  Palmer  obtained 
thorium  chromate,  Th(Cr04)2.H20,  by  allowing  a soln.  of  freshly  precipitated 
thorium  hydroxide  in  aq.  chromic  acid  to  stand  for  some  time,  or  by  mixing  boiling 
soln.  of  a mol  of  thorium  nitrate  and  2 mols  of  potassium  dichromate.  The  mono- 
hydrate appears  as  an  orange-red,  crystalline  powder.  He  also  prepared  the 
trihydrate  by  evaporating  in  vacuo  a soln.  of  freshly  precipitated  thorium  hydroxide 
in  a cold  soln.  of  chromic  acid.  L.  Haber  prepared  it  as  an  orange-yellow,  crystal- 
line powder  by  boiling  thorium  nitrate  for  some  time  with  aq.  chromic  acid,  or 
better  with  sodium  or  potassium  dichromate.  Under  similar  conditions  no  pre- 
cipitate is  formed  with  cerium,  lanthanum,  or  didymium  salts.  J.  J.  Berzelius 
said  that  the  precipitated  thorium  chromate  dissolves  in  an  excess  of  chromic 
acid.  The  orange-yellow,  rhombic  plates  lose  their  water  of  crystallization  at 
180°  ; and  they  dissolve  in  moderately  cone,  mineral  acids.  J.  Chydenius  obtained 
yellow  crystals  of  the  octohydrate  by  evaporating  over  sulphuric  acid  a soln.  of 
thorium  hydroxide  in  aq.  chromic  acid,  or  an  aq.  soln.  of  thorium  chloride  and 
chromic  acid.  The  salt  loses  its  combined  water  at  100°,  and  the  aq.  soln.  does  not 
become  turbid  when  boiled.  C.  Palmer  also  obtained  thorium  dihydroxychromate, 
Th(0H)2Cr04,  by  mixing  a soln.  of  a mol  of  thorium  nitrate  and  one  of  3 mols  of 
potassium  chromate  ; the  precipitate  first  formed  dissolves.  The  soln.  furnishes 
golden-yellow  crystals  of  the  basic  salt.  According  to  H.  T.  S.  Britton,  if  thorium 
hydroxide  is  suspended  in  a dil.  soln.  of  chromic  acid,  it  will  be  converted  gradually 
into  the  normal  chromate,  the  change  occurring  more  rapidly  on  boiling.  No  basic 
salt  of  definite  composition  has  been  found.  The  composition  varies,  gradually 
approaching  that  of  the  normal  chromate,  but  the  conversion  is  complete  only 
after  long  boiling.  Crystals  may  appear  to  be  slightly  basic  owing  to  the  adsorption 
of  normal  chromate.  The  so-called  basic  thorium  chromates  are  really  mixtures 
of  thorium  hydroxide  and  thorium  chromate.  In  other  words,  these  basic  chromates 
may  be  regarded  as  so-called  adsorption  compounds,  or,  taking  into  account  the 
slight  solubility  of  the  normal  thorium  chromate,  as  having  been  produced  by  the 
simultaneous  precipitation  of  both  the  hydroxide  and  the  chromate.  The  basic 
chromate  of  C.  Palmer  is  a special  case  of  such  a mixture.  When  soln.  of  thorium 
salts,  to  which  potassium  chromate  has  been  added  in  quantities  insufficient  to 
give  a permanent  precipitate  owing  to  the  acid  liberated  by  hydrolysis,  are  allowed 
to  stand  at  room  temp.,  if  the  cone,  is  sufficiently  great,  crystals  of  thorium  chromate 
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trihydrate  will  be  deposited  slowly  ; but  deposition  occurs  almost  immediately 
from  the  boiling  soln.  The  solubility  of  thorium  chromate  in  soln.  of  chromic  acid 
at  25°,  when  the  composition  is  represented  in  percentages  by  weight,  is  as  follows  : 

CrO.,  . 0033  13-09  39-49  40-23  52-60  61-38  61-84  62-78 

Th02  0-044  6-52  24-22  23-04  7-91  17-65  6-27  0 

v v /v v ' 

Th(Cr04)2.3H20  Th(Cr04)2.Cr03.3H20  Cr03 

The  results  are  plotted  in  Fig.  54.  The  compound  thorium  chromatobis- 
chromate,  Th(Cr04)2.GT03.3H20,  is  better  'represented  by  this  formula  than  by 

Th(Cr207)(Cr04).3H20,  because  it  can  exist 
in  equilibrium  only  with  highly  cone.  soln. 
of  chromic  acid.  It  is  decomposed  by 
water. 

* According  to  J.  J.  Berzelius,23  when 
stannous  chloride  is  added  to  an  excess 
of  a soln.  of  potassium  chromate,  and  the 
liquid  agitated,  yellow,  curdy  flocks  of 
stannous  chromate  are  precipitated;  but 
if  to  a soln.  of  stannous  chloride  a dil. 
soln.  of  potassium  chromate  be  added  in 
small  portions  at  a time,  with  constant 
agitation,  a greenish  precipitate  of  chromic 
stannate  is  formed.  If  the  soln.  of  the 
tin-salt  contains  free  acid,  no  precipitate 
is  formed,  and  the  soln.  is  green. 
P.  Grouvelle  obtained  a similar  result. 
According  to  J.  J.  Berzelius,  stannic  chloride  soln.,  not  containing  free  acid,  gives 
a yellow  precipitate  of  stannic  chromate,  when  treated  with  potassium  chromate. 
The  supernatant  liquor  acquires  an  orange-yellow  colour  in  consequence  of  the 
liberation  of  chromic  acid.  The  dried  precipitate  is  brownish-yellow,  and  when 
ignited  forms  violet  chromic  stannate.  T.  Leykauf  said  that  if  stannic  chromate 
be  heated  to  bright  redness,  a violet  mass  is  obtained  which  communicates  to 
pottery  glazes  colours  ranging  from  rose-red  to  violet.  F.  J.  Malaguti  studied 
the  mineral  lac,  or  laque  minerale,  obtained  by  igniting  50  parts  of  stannic  oxide 
with  one  part  of  chromic  oxide.  The  pink  or  crimson  colour  develops  more  easily 
if  calcium  carbonate  is  a constituent  of  the  ignited  mixture.  This  is  essentially  the 
chrome-tin  pink  pottery  colour.  The  pink  coloration  is  probably  the  colour  of 
highly  dispersed  chromic  oxide,  and  the  stannic  oxide  acts  as  a mordant.  Other 
inert  oxides  can  be  used,  but  stannic  oxide  resists  attack  by  the  pottery  glaze — 
vide  supra,  chromic  oxide.  This  subject  was  studied  by  H.  Stein,  G.  Steinbrecht, 
C.  Lauth  and  G.  Dutaillv,  H.  A.  Seyer,  A.  S.  Watts,  R.  C.  Purdy  and  co-workers, 
F.  Rhead,  W.  A.  Hall,  and  W.  A.  Lethbridge. 

The  mineral  described  by  M.  W.  LomonosofI,24  J.  G.  Lehmann,  and  P.  S.  Pallas 
as  nora  minera  plumbi  ; by  J.  G.  Wallerius,  as  minera  plumbi  rubra  ; by  A.  G.  Werner, 
as  Rothes  Bleierz ; and  L.  C.  H.  Macquart,  as  plornb  rouge,  was  found  by 
L.  N.  Vauquelin,  in  1757,  to  contain  a new  element  in  the  form  of  chromate  so  that 
R.  J.  Haiiy  called  it  plornb  chromate.  J.  F.  L.  Hausmann  proposed  the  name  kallo- 
chrom  ; W.  H.  Miller,  lehmannite  ; F.  S.  Beudant,  crocoise — from  Kpoxos,  saffron  ; 
F.  von  Kobell,  crocoisite ; and  A.  Breithaupt,  crocoite  ( Krokoit ),  which  was  after- 
wards adopted  byF.  von  Kobell  and  others.  Analyses  of  the  mineral  by  C.  H.  Pfaff,26 
J.  J.  Berzelius,  C.  Barwald,  and  A.  Liversidge  ; and  of  artificial  preparations  by 
J.  J.  Berzelius,  H.  Golblum  and  G.  Stoffella,  M.  Groger,  A.  J.  Cox,  N.  S.  Manross, 
L.  Bourgeois,  M.  Lachaud  and  C.  Lepierre,  and  C.  Liideking,  agree  that  the  product 
is  lead  chromate,  PbCr04. 

L.  N.  Vauquelin,  and  J.  J.  Berzelius  obtained  normal  lead  chromate  by  precipi- 
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Fig.  54. — Equilibrium  Diagram  of  the 
System  : Th02-Cr03— H20  at  25  . 
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tation  from  a soln.  of  lead  nitrate  or  acetate  by  the  addition  of  potassium  chromate 
or  dichromate.  The  precipitate  is  yellow,  and,  according  to  E.  F.  Anthon,  the 
colour  is  paler  when  precipitated  from  cold  soln.  than  from  hot  soln.,  since  the 
former  is  more  or  less  hydrated  ; while  L.  N.  Vauquelin  said  that  a trace  of  potas- 
sium chromate  in  the  precipitate  darkens  the  colour.  C.  0.  Weber,  and  M.  Dullo 
discussed  the  effect  of  an  excess  of  lead — vide  infra.  L.  Dede  and  P.  Bonin  said  that 
the  precipitation  is  incomplete  in  acetic  acid  soln.  if  much  chloride  be  present. 
Z.  Karaoglanoff  and  B.  Sagortscheff  found  that  with  lead  chloride  as  the  soluble 
lead  salt,  some  Pb2Cl2(Cr04)  is  formed.  The  above  mode  of  preparation,  using  the 
potassium  or  sodium  chromates  or  chromic  acid  as  precipitants,  and  soln.  of  varying 
degrees  of  concentration,  were  used  by  T.  Gobel,  F.  G.  Kidd,  P.  Jannasch,  H.  Golblum 
and  G.  Stoffella,  J.  Milbauer  and  K.  Kohn,  M.  Fraudel,  J.  G.  Gentele,  E.  Guignet, 
F.  Rose,  A.  J.  Cox,  F.  Auerbach  and  H.  Pick,  0.  Meyer,  M.  Groger,  P.  Breteau  and 
P.  Fleury,  A.  de  Schulten,  and  G.  Zerr  and  G.  Riibencamp.  J.  Massignon  and 
E.  Watel  obtained  lead  chromate  by  the  action  of  soln.  of  lead  salts  on  calcium 
chromate.  G.  N.  Ridley  showed  that  the  precipitate  formed  on  mixing  aq.  soln. 
of  lead  acetate  and  potassium  dichromate  is  finer  grained  when  the  soln.  are  more 
dilute  ; but  temp,  has  little  influence  on  the  fineness  of  grain.  Precipitated  lead 
chromate  is  amorphous.  M.  Lachaud  and  C.  Lepierre  found  that  the  amorphous 
chromate  is  readily  crystallized  by  .boiling,  say,  5 grms.  with  a soln.  of  20  grms.  of 
chromic  acid  in  70  grms.  of  water  ; L.  Bourgeois  boiled  the  precipitated  chromate 
with  dil.  nitric  acid  (1  : 5 or  6),  filtered  the  hot  decanted  liquid  through  glass-wool, 
and  allowed  it  to  cool  slowly  ; he  also  obtained  well-defined  crystals  by  heating 
the  chromate  in  a sealed  tube  at  150°.  C.  Ludeking,  and  G.  Cesaro  allowed  a soln. 
of  lead  chromate  in  potash-lye  to  stand  exposed  to  the  air.  G.  N.  Ridley  found 
that  in  alcoholic  soln.,  precipitation  is  slow  ; and  that  the  addition  of  an  alcoholic 
soln.  of  potassium  dichromate  to  a glycerol  soln.  of  lead  acetate  produces  only  a 
slight  turbidity — -but  precipitation  occurs  when  water  is  added.  No  precipitation 
occurs  in  carbon  disulphide  soln. 

Lead  chromate  was  prepared  by  J.  von  Liebig,  B.  Legg,  E.  F.  Anthon,  M.  Riot 
and  B.  Declisse,  A.  Scheurer,  H.  Hetherington  and  W.  A.  Allsebrook,  and  C.  0.  Weber 
by  the  action  of  soln.  of  the-alkali  chromates  on  lead  sulphate.  J.  A.  Atanasiu 
found  that  the  electrometric  titration  of  soln.  of  lead  nitrate  and  potassium  chromate 
gives  a curve  with  a break  corresponding  with  normal  lead  chromate.  J.  Milbauer 


Fig.  55. — Isothermal  Diagram  for  the 
System : PbSO. -i  K ,(>04^K2S04 
+ PbCr04. 


Fig.  50. — Isothermal  Diagram  for  the 
System:  PbC03  + K.)Cr04^K.,C03 
+ PbCr04. 


and  K.  Kohn  observed  that  the  reaction  : PbS04-f- KoCrO^^SC^-t-PbCrO* 
progresses  from  left  to  right  rapidly,  and  from  right  to  left,  slowly.  The  velocities 
of  the  reactions  increase  with  temp.  The  equilibrium  constant  K~ [K2Cr04]/[K»S04] 
is  0-000277  at  20°  ; 0-000365  at  40°  ; 0-000440  at  70°  ; and  0-000505  at  98-5°.“  No 
evidence  of  the  formation  of  double  salts  was  observed.  The  isothermal  diagram 
has  the  form  shown  in»Fig.  55,  where  A represents  the  solubility  of  potassium 
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action  of  potassium  chromate 
H.  Golblum  and  G.  Stoffella 


chromate  , and  D,  that  of  potassium  sulphate.  The  regions  of  stability  of  the 
solid  phases  PbCr04,  and  PbS04  are  shaded  in  the  diagram.  The  curve  AB  repre- 
sents a system  in  equilibrium  with  the  four  phases — PbCr04,  K2Cr04,  soln.  and 
vapour  ; BG,  a system  in  equilibrium  with  the  four  phases  PbCr04,  K2S04,  soln. 
and  vapour  ; and  CD,  a system  with  the  four  phases  PbS04,  K2S04,  soln.  and 
vapour  in  equilibrium.  The  four  salts  cannot  exist  side  by  side  in  the  presence 
of  their  sat.  soln.  as  the  system  would  be  invariant — 1.  9,  5.  At  the  point  C there 
are  six  phases,  PbCr04,  K2Cr04,  K2S04,  PbS04,  soln.  and  vapour,  in  equilibrium. 
Adsorption  is  very  marked  at  the  low  temp,  and  high  concentration.  It  is  inferred 
that  the  manufacture  of  chrome-yellow  can  be  carried  out  from  lead  sulphate,  and 
that  various  shades  can  be  obtained  by  varying  the  conditions,  temp.,  cone.,  and 
time.  In  the  manufacture,  an  excess  of  lead  acetate  should  be  used,  to  secure  the 
absence  of  adsorbed  potassium  chromate  in  the  product,  otherwise  this  chromate 
would  rapidly  convert  the  lead  sulphate  which  is  necessary  for  the  particular  shade, 
into  lead  chromate,  and  so  the  shade  would  ba  changed.  J.  G.  Gentele’s  theory 
which  explains  the  stability  of  chrome-yellow  by  the  existence  of  a lead  sulphato- 
chromate  is  unlikely,  since  the  present  experiments  make  the  existence  of  these 
double  salts  extremely  doubtful. 

F.  Kuhlmann,  C.  O.  Weber,  and  A.  Winterfeld  obtained  lead  chromate  by  the 

or  dichromate . on  white-lead,  or  lead  carbonate, 
studied  the  system  : PbC03+K2Cr04^PbCr04 
+ K2C03.  The  product  nearly  always  contains  a 
little  lead  carbonate.  The  isothermal  diagram 
shown  in  Fig.  56,  is  analogous  to  that  for  the 
system  indicated  in  the  preceding  diagram,  Fig.  55. 
The  mixture  on  the  right  of  the  equation  PbC03 
+K2Cr04^PbCr04-f  K2C03,  is  more  stable  than 
that  on  the  left.  The  equilibrium  constant, 
A’’=[K2C03]|[K2Cr04],  decreases  with  dilution  on 
account  of  the  disturbing  effect  of  ionization. 
No  compound  or  solid  soln.  of  potassium  chromate 
and  lead  chromate  is  formed,  but  the  solubility  of 
potassium  carbonate  decreases  as  the  amount  of 
lead  carbonate  in  the  solid  residue  and  in  soln. 
increases.  A double  compound  of  K2C03.PbC03 
appears  to  exist.  The  constant  K at  25°  is  5-46,  and  at  40°,  3-405.  The  thermal 
value  of  the  reaction  : PbC03+K2Cr04=PbCr04-f-K2C03  is  5-822  Cals.  If  the 
equilibrium  cohstant,  K,  Fig.  57,  be  represented  by  K—Oa,  and  the  soln.  of  lead 
nitrate  be  added  to  a mixed  soln.  of  potassium  carbonate  and  chromate,  when 
the  ratio  of  C03  | Cr04  is  greater  than  Oa,  lead  carbonate  alone  will  be  precipitated 
until  the  ratio  of  the  constituents  remaining  in  soln.  is  equal  to  Oa  ; and  con- 
versely if  the  ratio  be  less  than  Oa,  lead  chromate  alone  will  be  precipitated.  If 
the  ratio  be  equal  to  Oa,  and  more  than  Ob  of  lead  nitrate  be  added,  a mixture  of 
lead  carbonate  and  chromate  will  be  precipitated.  On  adding  lead  nitrate  soln. 
to  a mixed  soln.  of  potassium  chromate  and  carbonate,  the  precipitation  of  lead 
chromate  or  carbonate  does  not  take  place  in  such  a way  as  to  produce  the  pre- 
determined ratio  in  the  dissolved  potassium  salts.  Whilst  the  interaction  of  lead 
carbonate  and  potassium  chromate  proceeds  smoothly  to  an  equilibrium,  the 
interaction  of  lead  chromate  and  potassium  carbonate  presents  periodic  phenomena. 
The  curve  representing  the  amount  of  potassium  chromate  formed  oscillates  with 
decreasing  amplitude  until  the  equilibrium  is  finally  attained.  This  is  attributed 
to  the  formation  of  a basic  chromocarbonate  of  lead.  On  boiling  lead  chromate 
in  potassium  carbonate  soln.,  a rhombic,  ruby-red,  crystalline  solid  is  obtained 
with  the  composition  : 3Pb0.2Cr03.2PbC03.  0.  Ruff  and  E.  Ascher  studied  the 

joint  precipitation  of  lead  and  barium  chromates ; and  lead  sulphate  and 
chromate  ; and  0.  Ruff,  the  X-radiograms.  . 


Fig. 

of 


57.- — Mutual  Precipitation 
Lead  Chromate  and  Car- 


bonate. 
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N.  S.  Manross  obtained  crystals  of  lead  chromate  by  melting  lead  chloride  with 
potassium  chromate,  and  leaching  out  the  lead  chloride,  with  boiling  water. 
L.  Bourgeois  said  that  the  yield  is  small  because  of  the  formation  of  the  complex 
salt,  Pb0l2.PbCrO4.  A better  result  is  obtained  by  using  potassium  dichromate,  but 
even  then  the  result  is  not  satisfactory.  B.  Redlich  treated  lead  hydroxide  with 
a soln.  of  sodium  chromate  or  dichromate.  The  tint  of  the  product  is  influenced 
by  the  presence  of  acetic  acid,  sodium  sulphate,  etc.  F.  Auerbech  and  H.  Pick 
obtained  lead  chromate  by  treating  basic  lead  chromate  with  a dil.  aq.  soln.  of 
sodium  hydrocarbonate  and  chromate  ; and  M.  Groger,  by  the  action  of  water 
on  potassium  lead  chromate.  D.  G.  Fitzgerald  and  R.  C.  Molloy  roasted  chromic 
oxide  or  chromite  with  lead  oxide  ; and  J.  Milbauer  said  that  there  is  a 100  per 
cent,  conversion  to  chromate  when  a mixture  of  chromic  oxide  and  lead  oxide  or 
carbonate  is  heated  to  480°  in  oxygen  at  12  atm.  press.  G.  Chancel  obtained  lead 
chromate  by  warming  a soln.  of  chromic  oxide  in  alkali-lye  with  lead  dioxide,  and 
treating  the  filtrate  with  acetic  acid.  H.  Vohl  heated  lead  nitrate  and  chromic 
oxide  in  a crucible  ; and  K.  Toabe  treated  lea,d  with  a soln.  of  chromic  and  nitric 
acids  at  60°  to  140°.  A.  C.  Becquerel  obtained  crystals  of  the  salt  by  placing  a 
Pb-Pt-couple  in  a soln.  of  chromic  chloride  in  a sealed  tube. 

C.  Liickow  prepared  lead  chromate  by  an  electrolytic  process.  The  electrodes 
are  formed  of  soft  lead  and  the  electrolyte  is  composed  of  a 0-3  to  3-0  per  cent.  soln. 
of  sodium  chlorate  (perchlorate,  nitrate,  or  acetate)  80  parts  and  sodium  chromate 
20  parts.  The  current  density  was  0-5  amp.  per  sq.  dm.  The  colour  of  the  deposit 
varies  with  the  nature  of  the  soln.,  being  yellow  in  an  acidic  soln.,  and  inclining  to 
red  in  an  alkaline  soln.  ; electrodes  about  10  to  20  mm.  apart,  and  1-5  to  1-6  volts 
are  needed  for  weakly  acid  soln.  ; about  1-7  volts  for  neutral  soln.,  and  2 volts  for 
weakly  alkaline  soln.  M.  le  Blanc  and  E.  Bindschedler  found  that  in  the  electrolysis 
of  soln.  of  sodiupi  chlorate  and  chromate,  containing  1-5  to  12  per  cent,  of  salt — 
of  which  70  to  90  per  cent,  is  chlorate — by  means  of  a lead  anode,  lead  chromate 
is  formed  near  the  anode,  separating  from  it  by  its  own  weight,  whereas  in  soln. 
containing  a large  proportion  of  chromate  an  adherent  layer  of  chromate  and  lead 
dioxide  forms  on  the  anode.  The  yield  of  lead  chromate  is  theoretical  in  the  first 
case,  practically  zero  in  the  latter.  Sodium  nitrate,  acetate,  or  butyrate  give 
practically  the  same  result  as  chlorate.  With  the  mixed  electrolyte,  the  current  is 
mainly  transported  by  C10'3-ions,  the  chromate  ions  are  therefore  soon  removed 
almost  completely  from  the  electrolyte  in  contact  with  the  anode,  and  the  precipi- 
tation of  lead  chromate  takes  place  at  some  small  distance  from  it.  With  a more 
cone,  chromate  soln.,  this  is  not  the  case.  K.  Elbs  and  R.  Niibling  found  that  in 
the  electrolysis  of  very  dil.  soln.  of  chromic  acid  with  lead  electrodes,  lead  chromate 
alone  is  obtained ; with  more  cone.  soln. — up  to  40  or  50  per  cent. — there  is 
evidence  of  the  formation  at  the  anode  of  plumbic  chromate,  Pb(Cr04)2,  or  of  a 
mixture  of  lead  chromate  and  dioxide ; and  with  very  cone.  soln. — 130  grms.  of 
Cr03  per  100  c.c. — a soln.  is  obtained  which  evolves  oxygen  when  kept  and  deposits 
lead  dichromate.  The  quantity  of  oxygen  evolved  is  in  agreement  with  Pb(Cr207)2 
— PbCT207+2Cr03+0.  According  to  G.  Just,  the  potential  difference  between 
a lead  anode  and  a soln.  containing  bivalent  lead  ions  depends  very  much  on  the 
anodic  current  density  (probably  owing  to  local  increase  of  the  cone,  of  the  lead 
ions)  so  that  at  high  current  densities  it  may  rise  to  the  normal  value  for  lead 
dioxide.  When  this  is  the  case,  lead  dioxide  is,  of  course,  formed  on  the  anode. 
B.  Huick  electrolyzed  a 1*5  per  cent.  soln.  of  a mixture  of  sodium  chlorate  (95  parts) 
and  sodium  dichromate  (5  parts)  for  lead  chromate. 

As  pointed  out  by  E.  E.  Free,  by  using  very  dil.  soln.  of  lead  nitrate  and  potas- 
sium chromate — say  M-  to  .^-.M-soln. — -yellow  colloidal  solutions  are  obtained 
which  are  stable  for  some  days  ; and,  if  glue  be  present,  the  soln.  are  stable  for  many 
months.  J.  Milbauer  and  K.  Kohn  also  found  that  in  the  presence  of  acetic  acid, 
or  when  boiled,  the  colloidal  lead  chromate  is  flocculated.  F.  W.  O.  de  Coninck 
observed  that  when  crystalline  lead  chromate  is  boiled  for  one-half  to  one  hour 
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with  a very  cone.  soln.  of  pure  potassium  nitrate  and  immediately  filtered,  the 
filtrate  exhibits  a well-marked  red  fluorescence  and  contains  lead  chromate.  If, 
however,  the  filtrate  after  some  moments  is  refiltered,  the  filter  retains  the  lead 
chromate,  and  the  second  filtrate  is  colourless.  Sodium  nitrate  behaves  similarly 
but  much  more  slowly.  It  is  thus  inferred  that  the  lead  chromate  is  rendered 
colloidal  by  the  nitrate  soln.  but  that  the  colloidal  form  re-polymerizes  very  rapidly. 
W.  Lenze  obtained  colloidal  soln.  by  mixing  25  grms.  of  a 10  per  cent.  soln.  of  sodium 
protalbinate  (or  lysalbinate)  with  15  grms.  of  a 20  per  cent.  soln.  of  lead  acetate, 
and  treating  a soln.  of  the  precipitate  in  soda-lye  with  a cone.  soln.  of  potassium 
chromate,  and  adding  enough  acetic  acid  to  prevent  precipitation.  The  soln.  was 
dialyzed.  . It  is  greenish-yellow  in  reflected  light,  and  brown,  in  transmitted  light. 
J.  N.  Mukherjee  and  H.  L.  Ray  studied  the  adsorption  of  salts  by  precipitated  lead 
chromate. 

A.  Drevermann  obtained  crystalline  lead  chromate  by  the  very  gradual  diffusion 
of  very  dil.  soln.  of  potassium  chromate  and  lead  nitrate  into  water.  The  solids 
were  placed  in  separate  cylinders,  placed  in  a wide  dish,  and  the  dish  filled  with  water 
above  the  tops  of  the  cylinders.  If  air  is  present,  some  basic  salt  may  be  preci- 
pitated. L.  Bourgeois  said  that  besides  the  crystalline  chromate  some  amorphous 
basic  chromate  may  be  precipitated.  H.  Vohl  also  obtained  the  crystals  by  allowing 
soln.  of  a lead  salt  and  a chromate  to  diffuse  into  each  other  through  a porous 
diaphragm.  E.  Hatschek  studied  the  rhythmic  precipitation  of  lead  chromate. 
A small  quantity  of  0-5  per  cent.  soln.  of  potassium  dichromate  is  introduced  into 
a tube  containing  a one  per  cent,  agar-agar  jelly  containing  0-1  per  cent,  of  lead 
acetate.  The  diffusion  of  the  soln.  into  the  jelly  is  accompanied  by  the  formation 
of  a stratified  system.  If  a second  small  quantity  of  dichromate  is  added  when  the 
first  has  completely  disappeared,  it  is  found  that  the  diffusion  of  the  newly-added 
dichromate  gives  rise  to  a second  system  of  strata,  in  which  the  successive  bands 
are  much  broader  than  those  in  the  first  system.  The  fact  that  two  different 
systems  can  be  obtained  in  the  same  jelly  is  considered  to  be  irreconcilable  with  the 
supersaturation  theory  which  has  been  advanced  to  account  for  the  formation  of 
these  stratified  systems.  The  subject  was  investigated  by  R.  E.  Liesegang, 
E.  R.  Riegel  and  L.  Widgoff,  S.  C.  Bradford,  E.  Hatschek,  P.  B.  Ganguly, 
V.  Moravek,  A.  C.  Chatterji  and  N.  R.  Dhar,  D.  N.  Ghosh,  and  K.  Ando. 

The  mineral  crocoite  occurs  crystalline,  and  in  imperfectly  columnar  or  granular 
masses  coloured  various  shades  of  bright  hyacinth-red,  or  orange-red.  The  crystals 
are  feebly  pleochroic. . The  colour  of  the  artificial  crystals  is  also  orange-red.  When 
the  crystals  are  finely  powdered,  the  colour  is  yellow,  like  that  of  the  precipitated 
cryptocrystalline  or  amorphous  powder.  Normal  lead  chromate,  prepared  by 
precipitation,  is  a clear  yellow  and  its  use  as  a pigment  explains  why  so  many 
investigations  have  been  made  on  processes  of  manufacture  with  the  object  of 
increasing  the  purity  and  clarity  of  the  colour  of  chrome-yellow — light,  medium, 
and  dark.  Some  of  these  terms  are  also  applied  to  other  chromate  yellows,  jaune 
de  chrome,  giallo  di  cromo,  amarillo  de  cromo,  or  Chromgelb — light,  medium,  and  dark. 
It  also  has  the  trade-names  Paris  yellow,  King's  yellow,  a term  also  applied  to 
orpiment.  The  paler  tints — lemon-chrome,  and  citron-chrome — are  produced  by 
mixing  lead  chromate  with  lead  sulphate.  By  increasing  the  basicity  of  the 
chromate  the  colour  is  deepened,  and  reddened  ; so  that  an  unbroken  series  of 
colours  can  be  obtained  varying  from  the  pure  yellow  of  the  normal  chromate  to 
the  deep  orange-red  of  the  basic  salt — orange-chrome,  chrome-red,  which  also  has 
the  trade-names  chrome-cinnabar,  chrome-garnet,  chrome-ruby,  Austrian  red,  Vienna 
red,  Derby  red,  American  Vermilion,  rouge  de  Perse,  etc.  The  variations  of  colour 
among  different  samples  of  the  same  compound  may  be  greater  than  with  different 
compounds.  The  variation  in  colour  may  be  due  to  differences  in  the  basicity, 
hydration,  average  grain-size,  etc.  ; and  it  is  conditioned  by  the  temp.,  and  cone, 
of  the  soln.,  by  the  time  occupied  in  the  precipitation ; and  by  the  nature  of  the 
soln.  which  in  turn  affects  the  salts  adsorbed  by  the  precipitated  chromate.  The 
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subject  was  discussed  by  J.  Milbauer  and  K.  Kohn,  L.  Bock,  C.  0.  Weber, 
K.  Jablczynsky,  J.  W.  Bain,  F.  Rose,  G.  Zerr,.  G.  Zerr  and  G.  Rubencamp, 
E.  Guignet,  J.  G.  Gentele,  and  J.  Bersch.  E.  E.  Free  said  that  for  clear  yellow 
colours,  the  formation  of  basic  salts  must  be  avoided.  The  presence  of  a slight 
trace  of  alkali,  or  a higher  temp,  than  usual,  may  cause  a darkening  of  the  yellow 
colour.  This  darkening  is  produced  by  a number  of  unrecognized  causes,  but 
P.  Grouvelle,  and  M.  Dullo  considered  that  in  many  cases  the  alteration  of  the 
colour  is  a visible  sign  that  the  normal  chromate  has  undergone  a partial  change 
to  the  basic  condition,  produced  by  the  presence  of  alkali.  This  is  confirmed  by 
the  fact — observed  by  S.  M.  Godon  de  St.  Menin,  L.  N.  Vauquelin,  C.  0.  Weber,  and 
H.  W.  Hofmann — that  the  presence  of  small  amounts  of  free  acid  in  the  soln. 
lessens  the  tendency  for  the  colour  to  turn.  C.  0.  Weber  also  noticed  that  an  excess 
of  chromate  in  the  precipitating  soln.  favours  the  tendency  of  the  colour  to  change, 
while  an  excess  of  lead  salt  acts  in  the  converse  way  ; but  M.  Dullo  does  not  agree 
with  this  statement.  E.  E.  Free  suggested  that  in  some  cases  the  darkening  of  the 
colour  may  be  due  to  the  growth  of  the  fine  granules  into  coarser  grains.  The 
darkening  of  the  colour  may  render  the  chrome-yellow  quite  useless  for  a pigment. 

E.  E.  Free  showed  that  the  difference  in  the  colour  of  the  yellow  colour  of  the 
powder  and  the  orange  colour  of  the  crystals  is  due  to  differences  in  the  grain-size. 
The  largest  crystals  are  obtained  with  hot  dil.  soln.  The  size  of  the  precipitated 
crystals  increases  continuously  with  decrease  in  cone.  The  colours  of  the  precipi- 
tates obtained  from  the  most  cone,  and  the  most  dil.  soln.  are  lighter  than  is  the 
case  with  precipitates  from  soln.  of 
intermediate  cone.  The  curve  shows 
a maximum  depth  of  colour  at  mode- 
rate cone.  So  that  size  of  grain  alone 
does  not  suffer  to  explain  the  results. 

It  is  assumed  that’  the  basicity  as 
well  as  grain-size  were  concerned  in 
the  effects  obtained.  A.  Habich, 

T.  Gobel,  and  J.  Bersch  showed  that 
the  larger  crystals  of  the  basic  chro- 
mates correspond  with  the  deeper 
and  redder  shades  of  colour ; and 

W.  E.  Fuss  stated  that  chrome-red,  when  ground,  acquires  a yellow  tinge. 
B.  Redlich  said  that  chromates  prepared  by  the  action  of  chromate  soln.  on 
lead  hydroxide  are  redder  when  the  hydroxide  is  crystalline.  E.  L.  Nichols  and 
B.  W.  Snow  showed  that  the  reflection  spectrum  of  pigments  is  produced  by  light 
reflected  from  the  surface,  and  by  light  reflected  from  the  interior  faces.  That 
reflected  from  the  surface  is  white  ; and  that  reflected  from  the  interior  determines 
the  colour  of  the  pigment.  The  internally  reflected  light  is  that  light  which  has 
entered  at  least  one  of  the  crystals  and  been  reflected  from  the  posterior  surface  of 
that  crystal  or  from  the  surface  of  some  other  crystal  situated  more  deeply  within 
the  mass.  E.  E.  Free  continued  : with  a more  finely  powdered  pigment,  there  will 
be  obviously  more  surface  per  unit  of  mass,  and  the  first  of  these  interior  faces  will 
be  on  the  average  nearer  the  external  surface  of  the  layer,  that  is,  the  layer  of 
coloured  material  through  which  the  internally  reflected  ray  must  pass,  is  less  in 
the  finely  powdered  material.  It  must  therefore  happen  that  the  selective  absorp- 
tion which  takes  place  in  this  ray  will  be  relatively  weaker,  or  in  common  phrase 
the  “ colour  ” imparted  to  the  ray  will  be  less  marked.  Crystalline  lead  chromate, 
however,  changes  from  a reddish-orange  to  a clear  yellow  when  powdered  ; so  that 
there  appears  to  be  not  only  a weakening  of  the  colour,  but  an  actual  change  from 
red  or  orange  into  yellow.  E.  L.  Nichols  found  that  when  light  is  reflected  from 
a thin  plate  of  lead  chromate,  the  blue  and  violet,  most  of  the  green,  and  a con- 
siderable fraction  of  the  yellow  are  absorbed,  but  the  red  is  allowed  to  pass  in 
greater  degree  and  in  increasing  proportion  with  increasing  wave-length.  This  is 


Fig.  58. — The  Spectrum  of  Light  Reflected 
from  Lead  Chromate. 
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shown  by  Fig.  58,  where  the  abscissae  represent  wave-lengths,  and  the  ordinates  of 
the  intensities  of  the  reflected  light  in  terms  of  uniform  white  light.  The  green 
component  of  the  light  which  reaches  the  eye  is  masked  by  the  larger  proportion 
of  red,  and  the  apparent  colour  is  a shade  of  yellow  or  orange  tinged  with  red.  By 
increasing  the  thickness  of  the  plate,  the  area  representing  the  absorbed  light 
extends  towards  the  left,  thus  concentrating  the  red  and  reducing  the  yellow. 
Conversely  when  the  thickness  of  the  plate  is  decreased,  the  green  progressively 
weakens  the  red  and  makes  the  yellow  more  prominent  in  the  transmitted 
light.  As  the  transmitted  light  extends  into  the  blue,  a further  decrease  in 
the  thickness  of  the  plate,  the  blue  tends  to  neutralize  the  yellow,  as  the 
green  neutralizes  the  red,  and  the  yellow  becomes  paler  and  paler,  until  in  the 
limiting  case  the  colour  appears  white.  L.  Godard  studied  the  effect  of  radiant 
heat  rays  by  chrome-yellow.  Lead  chromate  belongs  to  the  class  of  substances 
which  W.  Ackroyd  called  metachromatic  because  they  change  their  colour  on 
heating.  The  colour  was  shown  by  R.  F.  Marchand,  L.  Bourgeois,  and  E.  J.  Houston 
and  E.  Thomson  to  change  from  yellow  to  orange  to  red,  and  in  this  respect,  it 
behaves  like  the  majority  of  other  substances  observed  by  C.  F.  Schonbein,  and 

E.  J.  Houston  and  E.  Thomson,  in  that  the  maximum  intensity,  with  rise  of  temp., 
moves  towards  the  red.  The  basic  chromates  also  become  a deeper  red  when 
heated.  Conversely,  as  the  yellow  chromate  is  cooled  to  — 30°  to  — 40°,  it  becomes 
yellowish-green  ; and  M.  Bamberger  and  R.  Grengg  said  that  both  the  natural 
and  artificial  crystals  are  decolorized  at  —190°. 

The  crystals  of  crocoite  are  monoclinic  prisms ; and,  according  to  H.  Dauber, 
the  axial  ratios  are  a : b : c=0-9603  : 1 : 0-9159,  and  /3=102°  27' ; E.  F.  Chirva 
gave  a : b : c=0-960293  : 1 : 0-91305,  and  /3=77°  32'  55".  The  crystals  are  usually 
prismatic,  but  the  habit  varies  so  that  the  crystals  sometimes  resemble  acute 
rhombohedra.  The  faces  are  usually  smooth  and  brilliant;  the  (110)  face  may 
be  vertically  striated.  The  (llO)-cleavage  is  distinct ; but  the  (001)-  and  (100)- 
cleavages  are  not  so  well  defined.  The  crystals  were  also  examined  by  N.  von 
Kokscharoff,  and  F.  Hessenberg.  A.  de  Schulten,  A.  Drevermann,  and  L.  Bourgeois 
also  showed  that  the  artificial  crystals  are  monoclinic  prisms.  B.  Gossner  and 

F.  Mussgnug  showed  that  the  X-radiograms  correspond  with  a=6-82  A.,  6=7-48  A., 
c= 7-16  A.,  and  /3=102°  33' ; or  a : b : c=0-912  : 1 : 0-957.  The  vol.  of  unit  cell 
is  356-5  Xl0-24  c.c.  G.  Tammann  and  Q.  A.  Mansuri  found  that  the  recrystal- 
lization of  the  powder  with  granules  less  than  0-3  mm.  begins  between  237°  and  248°. 
The  optical  character  is  positive  ; and  the  optic  axial  angle  2F=54°.  In  accord 
with  the  dimorphism  of  lead  sulphate,  discussed  by  W.  Grahmann,  P.  Groth  and 

K.  Haushofer  said  that  lead  chromate  is  probably  dimorphous  furnishing  monoclinic 
and  rhombic  crystals.  C.  Liideking  obtained  artificially  what  he  regarded  as 
rhombic  crystals — vide  supra.  According  to  F.  M.  Jager  and  H.  C.  Germs,  lead 
chromate  is  trimorphic.  The  monoclinic  or  a-form  is  stable  below  707°  ; the  /3-form 
is  stable  between  707°  and  783°  ; and  the  y-form  between'783°  and  the  m.p.  920° — 
Fig.  62.  The  transition  a-PbCr04^-PbCr04,  at  707°,  is  attended  by  a small  thermal 
change,  while  the  transition  /3-PbCr04^y-PbCr04,  at  783°,  involves  a greater 
thermal  change.  Some  varieties  of  crocoite  showed  only  one  transition  temp,  at  792°. 

C.  H.  D.  Bodeker  gave  5-951-6-004  for  the  specific  gravity  of  lead  chromate ; 

L.  Playfair  and  J.  P.  Joule,  5-653  ; and  P.  Niggli,  6-123.  H.  G.  F.  Schroder  gave 
5-965  for  the  sp.  gr.  of  crocoite  ; and  for  the  artificial  crystals,  N.  S.  Manross 
gave  6-118;  A.  de  Schulten,  6-123  at  15°;  L.  Bourgeois,  6-29;  J.  Milbauer  and 
K.  Kohn  gave  5-44  for  that  of  the  amorphous  precipitate.  B.  Gossner  and 
F.  Mussgnug  calculated  6-00  for  the  sp.  gr.  The  hardness  of  crocoite  is  2-5  to 
3-0.  P.  W.  Bridgman  found  the  linear  compressibility  at  30°,  in  the  direction 
C of  the  monoclinic  crystals,  to  be  8£/f0=0-064978p-0-0i1378jp2,  and  at  75°, 
gZ/l0  =0-065102p-0-0u422p2  for  press,  p ranging  up  to  12,000  kgrms.  per  sq.  cm. 
H.  Kopp  gave  0-0900  for  the  specific  heat  between  19°  and  50°  ; and  29-0  for  the 
mol.  ht.  T.  M.  Lowry  and  L.  P.  McHatton  observed  that  the  fineness  of  the 
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powder  produced  by  the  decrepitation  of  crocoite  depends  on  the  proportion  of 
included  water  which  the  mineral  contains.  R.  F.  Marchand  said  that  lead  chromate 
fuses  at  a red-heat  and,  on  cooling,  solidifies  to  a dark  brown  mass  which  forms  a 
brownish-yellow  powder  ; but  if  the  molten  chromate  be  poured  into  cold  water,  it 
forms  a red  mass  which  yields  a red  powder.  F.  M.  Jager  and  H.  C.  Germs  found 
that  the  melting  point  of  lead  chromate  is  844° — and  fusion  is  attended  by  a little 
decomposition ; while  crocoite  melts  at  835°  to  839°.  R.  F.  Marchand  said  that 
when  heated  above  its  m.p.,  it  gives  off  about  4 per  cent,  of  oxygen  forming  lead 
dichromate  and  chromic  oxide.  The  amount  of  oxygen  evolved  is  only  a fractional 
part  of  that  which  would  be  evolved  if  the  decomposition  were  complete. 
R.  F.  Marchand  represented  the  reaction:  4PbCr04=2Pb20(Cr04)-|-Cr203d-30 ; 
C.  Schubert,  and  W.  Hempel  and  C.  Schubert  found  that  the  evolution  of  gas 
begins  at  about  600°,  and  he  observed  rather  more  oxygen  is  given  off  up  to  1150° 
than  is  required  by  this  equation.  If  re-heated  in  oxygen  gas,  the  chromate  is  not 
reformed  ; but  if  a mixture  of  chromic  oxide  and  lead  oxide  be  heated  in  oxygen, 
14-9  parts  of  oxygen  are  taken  up  for  100  parts  of  chromic  oxide.  W.  Hempel  and 
C.  Schubert  found  that  dissociation  begins  at  about  600°,  and  is  completed  at 
1150°.  R.  Lorenz  and  W.  Herz  studied  some  relations  between  the  b.p.  and  the 
critical  temp.  H.  C.  Sorby  gave  2-730  for  the  index  of  refraction  of  crocoite  ; 
C.  Biirwald  gave  2-203  and  2-667  for  red-light,  and  2-437  and  2-933  for  green-light ; 
while  A.  des  Cloizeaux  gave  2-42  for  yellow-light.  A.  de  Gramont  examined  the 
spark  spectrum  of  crocoite.  G.  H.  Hurst  found  that  chrome-yellow  reflects  a 
large  proportion  of  the  yellow  and  green  rays,  with  a small  quantity  of  orange  and 
blue  rays,  Fig.  59.  G.  I.  Pokrowsky  studied  the  polarization  of  light  by  finely 
divided  lead  chromate  suspended  in  water.  W.  W.  Coblentz  gave  for  the  diffuse 
reflecting  power : 
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59. — Reflection  Spectrum  of  Chrome- 
yellow. 


T.  W.  Case  said  that  the  electrical  resistance  of  crocoite  exceeds  one  megohm,  and 
is  not  affected  by  light.  The  sp.  electrical  conductivity  of  a sat.  soln.  at  18°  was 
found  by  F.  Kohlrausch  to  be  of 
the  order  0-1  X 10~6  mhos.  According 
to  J.  Rosenthal,  the  electrical  con- 
ductivity of  the  compressed  powder 
increases  with  temp.,  being  0-110 
mho  at  208°,  and  0-385  mho  at  331°. 

The  precipitated  powder  is  a better- 
conductor  than  that  obtained  by 
grinding  the  fused  chromate.  R.  Labes 
studied  the  electrical  charges  on  the 
surface  of  lead  chromate  in  soln.  of 
electrolytes. 

E.  Rutherford  and  F.  Soddy  observed  that  red-hot  lead  chromate  has  no  action  on 
radium  or  thorium  emanation.  R.  F.  Marchand  observed  that  when  lead  chromate 
is  heated  in  hydrogen,  water  is  formed  and  the  mass  becomes  incandescent  before 
the  temp,  of  the  vessel  had  attained  a red-heat.  The  reaction  is  symbolized 
2PbCr04-|-5H2=5H204-Cr203+2Pb.  jj.  Mennicke  found  that  hydrogen  in  statu 
mscendi—iiom  hydrochloric  acid  and  zinc  in  the  presence  of  platinum — reduces 
lead  chromate  quickly  and  completely.  J.  Milbauer  and  K.  Kohn  said  that  when 
the  yellow  chromate  is  warmed  with  water  it  becomes  red,  but  on  cooling  the  yellow 
colour  is  restored  ; and  A.  J.  Cox  found  that  at  25°,  the  chromate  is  hydrolyzed 
so  that  the  water  contains  about  0-02  millimol  of  chromic  acid  per  litre. 
J.  F.  G.  Hicks  and  W.  A.  Craig  studied  the  progressive  hydrolysis  of  lead  chromate 
by  water  at  100°  at  ordinary  press.,  and  in  sealed  tubes  i and  found  that  the 
reaction  is  complete  in  about  3 hrs.  A basic  lead  chromate  is  formed.  The  older 
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chemists  thought  that  lead  chromate  is  insoluble  in’  water,  but  A.  Drevermann 
found  that  1000  parts  of  water  dissolve  0-02  part  of  salt ; and  P.  Harting  said  that 
lead  nitrate  is  precipitated  as  chromate  when  one  part  is  present  in  70,000  parts 
of  water.  G.  von  Hevesy  and  F.  Paneth  gave  for  the  solubility  1-2  X 10~5  grm. 
per  litre  at  25°  ; G.  von  Hevesy  and  E.  Rona  gave  2 x 10~7  mol  per  litre  at  20° ; 
F.  Kohlrausch  and  F.  Rose,  0-0002  grm.  per  litre  at  18°  ; F.  Kohlrausch,  0-0001 
grm.  per  litre  at  18°;  K.  Beck  and  P.  Stegmiiller,  3xl0-7  mol  per  litre  at  25°. 
F.  Auerbach  and  H.  Pick  gave  for  the  solubility  product,  [Pb"][CrO4"]=2xl0-14 
at  18°;  and  [Pb"]2[CrO4"][OH']2=6xl0-35.  P.  Schiitzenberger  observed  that 
when  heated  in  a porous  crucible  over  a gas-flame,  lead  chromate  adsorbs  moisture 
which  is  expelled  only  at  a red  heat.  K.  B.  Lehmann  observed  that  conductivity 
water  dissolves  more  than  distilled  water.  According  to  L.  N.  Vauquelin,  lead 
chromate  dissolves  completely  in  a soln.  of  potassium  hydroxide  ; and  F.  Wohler 
and  J.  von  Liebig  added  that  the  soln.,  sat.  while  hot,  deposits  after  a few  days 
yellowish-red  laminae  of  a basic  salt.  A.  Drevermann  also  said  that  a soln.  of 
potassium  hydroxide  makes  the  crystals  opaque,  and  darker,  and  they  are  then 
slowly  dissolved.  M.  Lachaud  and  C.  Lepierre  found  that  a litre  of  22V-KOH 
dissolves  11-9  grms.  of  lead  chromate  at  16°  ; 16-2  grms.  at  60°  ; 26-1  grms.  at 
80°  ; and  38-5  grms.  at  102°,  forming  K2Pb(Cr04)2.  Cone,  potash-lye — say  45  per 

cent.  KOH,  sp.  gr.  1-47 — -forms  oxychro- 
mate,  or  lead  monoxide  ; but  2N-KOH 
forms  only  the  oxychromate.  Molten  po- 
tassium hydroxide  forms  crystals  of  the 
oxychromate — vide  infra,  basic  salts. 
R.  Eberhard  observed  that  the  salt  is 
soluble  in  an  alcoholic  soln.  of  potassium 
hydroxide.  According  to  F.  Brandenburg, 
when  lead  chromate  is  boiled  with  a soln. 
of  potassium  carbonate,  a basic  oxy- 
chromate is  formed,  and  then  lead  car- 
bonate ; the  liquid  takes  up  much  chromic 
and  lead  oxides,  and  when  treated  with 
sulphuric  acid,  lead  chromate  is  precipi- 
tated. The  observations  of  H.  Golblum 
and  G . Stoffella  on  the  equilibrium  PbCr04 
-f  Na2C03^PbC03+Na2Cr04  have  been 
summarized  in  Fig.  60.  K.  B.  Lehmann 
found  that  a dil.  soln.  of  sodium  carbonate  readily  dissolves  lead  chromate  and  a 
state  of  equilibrium  is  inaugurated  with  the  oxychromate  : 2PbCr04-j-2Na2C03 
4-H2CMPb0.PbCr04-{-2NaHC03+ Na2Cr04.  With  increasing  dilution  and  rise 
in  temp,  the  equilibrium  is  displaced  towards  the  right-hand  side  of  the  above 
equation.  When  the  equilibrium  is  approached  from  the  side  of  the  basic  lead 
chromate,  exactly  the  same  results  are  not  obtained  as  from  the  side  of  the  normal 
lead  chromate.  The  reversible  reaction  expressed  by  the  equation : PbCr04 
-f  Na2C03^PbCr03+Na2Cr04,  only  takes  place  in  the  presence  of  considerable 
quantities  of  hydrocarbonate  in  soln.,  otherwise  basic  lead  chromate  is  formed. 
For  soln.  with  the  total  sodium  cone,  from  0-052V-  to  0-lAr-Na2CO3,  at  18°,  the 
equilibrium  constant,  for  the  reaction  2PbCr04+2C03"-|-Ho0^Pb0.PbCr04 
+Cr04+2HC03'  is  [Cr04''][HC03']2/[C03"]2=0-057— CQ',  Fig.  60 ; for  2PbC03 
+Cr04''+H2CM2HC03'+Pb0.PbCr04,  it  is  [HC03']2/[Cr04''l=l-95 — Q'B,  Fig.  60 ; 
and  for  PbCr04+ C03"^Cr04''+PbC03,  it  is  [Cr04'']/[C03"]=0-2— AQ’,  Fig.  60; 
and  if  carbonic  acid  be  present,  [H2C03][Cr04"]/[HC03]2=4  X 10-5.  Lead  chromate 
enters  into  reversible  reaction  with  a soln.  of  sodium  hydrocarbonate  according  to 
the  equation  : PbCr04+2NaHC03->PbC03-f  Na2Cr04+C02-f-H20  ; equilibrium 
is  attained  at  a much  lower  press,  of  carbon  dioxide  than  is  the  case  with  lead 
sulphate.  The  equilibrium  conditions  for  the  ternary  system  : Na2C03-NaHC03- 


Fig.  60. — Equilibrium  between  Lead 
Chromate  and  0-lfV-Sodium  Carbonate 
Solutions  at  18°. 
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Na2Cr04  in  the  presence  of  lead  chromate,  oxychromate  and  carbonate,  are  shown  in 
Fig.  60.  The  region  where  lead  carbonate  is  stable  is  very  small,  and  the  trans- 
formation Pi  Jr04+Na2C03^PbC03+Na2Cr04  occurs  only  in  the  presence  of 
hydrocarbonate.  The  regions  of  stability  of  the  two  lead  chromates  are  very 
wide. 

H.  Moissan  observed  that  hydrogen  chloride  decomposes  lead  chromate  forming 
red  fumes  of  chromyl  chloride ; and  H.  Schwarz,  that  hot  hydrochloric  acid  dis- 
solves the  chromate  with  the  formation  of  chlorine,  lead  chloride,  and  chromic 
chloride.  M.  Groger  said  that  hot,  dil.  hydrochloric  acid  decomposes  the  chromate 
completely  forming  lead  chloride  which,  if  not  filtered  off,  and  water  be  added, 
re-forms  lead  chromate.  K.  Beck  and  P.  Stegmuller  found  the  solubility,  S 
millimols  per  litre,  to  be  : 
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so  that,  as  indicated  by  K.  B.  Lehmann,  the  solvent'  action  is  greater,  the  more 
cone,  the  acid.  A cone.  soln.  of  sodium  chloride  dissolves  traces  of  the  chromate  ; 
and  M.  Lachaud  and  C.  Lepierre  stated  that  molten  sodium  chloride  converts  the 
chromate  into  basic  chromates.  J.  F.  G.  Hicks,  and  J.  F.  G.  Hicks  and  W.  A.  Craig 
found  that  reactions  in  fused  salts  can  be  brought  about  to  yield  products  analogous 
to  those  obtained  with  the  same  initial  substances  in  aq.  soln.,  the  chief  difference 
being  the  slowness  of  the  reactions  in  the  fused  medium  at  870°.  The  reaction 
with  fused  sodium  chloride  represents  a true  state  of  equilibrium.  A basic  chromate 
is  the  main  product  of  the  reaction.  J.  Milbauer  and  K.  Kohn  found  that  lead 
chromate  reacts  quantitatively  with  potassium  iodide  : Cr04"+ 8H'+3l'=Cr  ' 
-f-4H20+3I.  M.  le  Blanc  and  E.  Bindschedler  found  lead  chromate  to  be  insoluble 
in  contact  with  a 1-5  per  cent.  soln.  of  sodium  chlorate  for  4 hrs.  at  room  temp. 
H.  H.  Willard  and  J.  Kassner  found  that  the  solubility  of  lead  chromate  in  per- 
chloric acid,  S grm.  per  100  c.c.  at  25°;  is  : 
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The  solubility  is  reduced  if  lead  perchlorate  or  sodium  dichromate  be  present. 

J.  B.  Senderens  said  that  the  chromate  is  not  altered  when  boiled  for  a week  with 
water  and  sulphur.  The  presence  of  free  sulphur,  or  sulphides,  gradually  darkens 
chrome-yellow  owing  to  the  formation  of  lead  sulphide.  E.  F.  Anthon  heated  in  a 
glass  tube  a mixture  of  lead  chromate  with  one-eighth  of  its  weight  of  sulphur,  and 
found  that  the  product  takes  fire  with  incandescence  on  exposure  to  air,  forming 
sulphur  dioxide,  and  chromic  and  lead  oxides.  H.  Moissan  and  P.  Lebeau  said  that 
sulphur  hexafluoride  is  not  decomposed  by  molten  lead  chromate.  .Hot  sulphuric 
acid  decomposes  lead  chromate,  forming  lead  sulphate,  and  H.  Schwarz  found  that 
for  complete  decomposition  an  excess  of  4 to  5 mols  of  sulphuric  acid  is  necessary  ; 
M.  Groger  found  that  the  decomposition  with  boiling  dil.  sulphuric  acid  is  incom- 
plete ; the  cold  cone,  acid  acts  slowly  while  the  hot  acid  acts  quickly,  forming 
chromic  acid.  J.  Milbauer  and  K.  Kohn’s  observations  on  the  reaction  with 
potassium  sulphate  soln.  are  summarized  in  Fig.  55.  G.  Chancel  said  that  lead 
chromate  is  insoluble  in  a soln.  of  sodium  thiosulphate. 

E.  C.  Franklin  and  C.  A.  Kraus  found  that  lead  chromate  is  insoluble  in  liquid 
ammonia  ; and  W.  E.  Garrigues  that  it  is  insoluble  in  aq.  ammonia.  C.  L.  Parsons 
found  that  lead  chromate  favours  the  oxidation  of  ammonia  by  air.  R.  H.  Brett 
said  that  the  salt  is  insoluble  in  a soln.  of  ammonium  chloride.  A.  Drevermann, 
J.  von  Liebig,  and  A.  Baumann  observed  that  lead  chromate  is  insoluble  in  nitric 
acid.  E.  Duvillier  stated  that  boiling  cone,  nitric  acid  dissolves  98-79  per  cent. 
Cr03  and  only  1-21  per  cent.  PbO,  while  the  remaining  lead  separates  as  lead 
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nitrate.  When  water  is  added  to  the  mixture,  lead  chromate  is  reformed.  K.  Beck 
and  P.  Stegmiiller  gave  for  the  solubility  S millimols  Pb  per  litre,  at  18°, 

HN03  • • 0-1 N-  0-2  N-  0-3  N-  0-4AT-  0-5N-  0-6  N- 

S . 0 129  0-227  0-312  0-401  0-488  0-598 

II.  H.  Willard  and  J.  L.  Kassner  found  the  solubility  of  lead  chromate,  S grm.  per 
100  c.c.  at  25°,  in  nitric  acid,  to  be  : 

M-HNO3  . 0-1  0-5  1-0  2-0  3-0  4-0  6-0 

S . . 0-0063  0-0177  0-0385  0-0889  0-1701  0-2812  0-4367 

The  solubility  is  reduced  if  lead  nitrate,  or  sodium  dichromate  be  present.  C.  Marie 
said  that  0-5  grm.  of  lead  chromate  dissolves  in  a mixture  of  nitric  acid  with 
2 grms.  of  ammonium  nitrate.  F.  Wohler  and  J.  von  Liebig  found  that  molten 
potassium  nitrate  converts  lead  chromate  into  the  oxychromate ; and  M.  Lachaud 
and  C.  Lepierre  observed  the  formation  of  the  complex  salts  K2Pb(Cr04)2 
and  2Pb0.K2Pb(Cr04)2.  Similarly  also  with  sodium  and  lithium  nitrates. 
J.  F.  G.  Hicks,  and  J.  F.  G.  Hicks  and  W.  A.  Craig  studied  the  reaction  with  an 
equimolar  mixture  of  fused  sodium  and  potassium  nitrates  at  various  temp,  up  to 
230°.  The  reaction  at  different  temp,  represents  states  of  equilibrium  analogous 
to  hydrolysis.  The  product  of  the  reaction  is  a basic  chromate.  F.  W.  O.  de 
Coninck  studied  the  peptizing  action  of  a boiling  soln.  of  potassium  nitrate  on  lead 
chromate — vide  supra.  K.  Jellinek  and  H.  Ens  found  that  3 drops  of  a one  per 
cent.  soln.  of  silver  nitrate  are  coloured  reddish-brown  owing  to  the  formation  of 
silver  chromate. 

H.  Moser  observed  that  when  heated  with  carbon,  lead  chromate  is  reduced 
to  lead  and  chromic  oxide.  E.  Berger  and  L.  Delmas  found  that  the  combustion 
of  carbon  in  air  is  facilitated  by  the  presence  of  lead  chromate.  M.  Tarugi  found 
that  at  400°,  calcium  carbide  reduces  the  chromate  to  a calcium  lead  alloy  and 
chromium.  A.  Kutzelnigg  observed  that  lead  chromate  exerted  an  oxidizing  action 
on  a soln.  of  potassium  ferrocyanide  ; and  J.  R.  Campbell  and  T.  Gray,  that  the 
salt  exerts  an  oxidizing  action  on  methane  and  ethylene.  K.  B.  Lehmann  found  that 
cone,  acetic  acid  dissolves  very  little  lead  chromate  ; and  A.  Baumann,  that  acetic 
acid  dissolves  no’  chromate.  Lead  chromate  is  almost  insoluble  in  a soln.  of 
ammonium  acetate ; and,  according  to  I.  M.  Kolthoff,  in  a soln.  of  sodium  acetate. 
H.  C.  Bolton  found  that  a boiling  cone.  soln.  of  citric  acid  decomposes  crocoite. 
J.  Spiller  said  that  lead  chromate  is  not  precipitated  in  the  presence  of  alkali 
citrates  ; and  A.  Naumann,  that  it  is  insoluble  in  acetone.  J.  B.  Charcot  and 
P.  Yvon  said  that  saliva  dissolves  perceptible  amounts  of  lead  chromate.  L.  Yignon 
stated  that  fabrics  are  usually  dyed  with  lead  chromate  by  passing  the  material 
through  the  aq.  soln.  of  a soluble  lead  salt  and  then  through  a soln.  of  potassium  or 
sodium  chromate.  Dyeing  also  occurs  if  the  material  is  agitated  in  a suspension 
of  precipitated  lead  chromate  in  water  ; equally  good  results  are  obtained  with 
silk,  wool,  or  cotton.  The  lead  chromate  does  not  combine  chemically  with  the 
material  dyed.  Dyeing  also  takes  place  if  the  lead  chromate  is  suspended  in 
alcohol  or  benzene,  but  the  resulting  colours  are  not  so  deep  as  those  obtained 
when  water  is  the  medium  of  suspension.  The  reaction  was  studied  by  M.  A.  Iljinsky 
and  V.  V.  Kozloff. 

P.  Jannasch  observed  that  natural  silicates  are  decomposed  when  heated 
strongly  with  lead  chromate.  L.  Kahlenberg  and  W.  J.  Trautmann  found  that  when 
mixed  with  silicon  and  heated  by  a bunsen  burner  a sudden  reaction  occurs  with  the 
evolution  of  heat  and  light.  There  is  a strong  reaction  at  a “ cherry  ” red-heat 
and  when  heated  in  the  electric  arc.  E.  Lay  found  that  silicon  hydrotriiutride 
reduces  lead  chromate  at  a high  temp.  M.  Lachaud  and  0.  Lepierre  found  that 
a soln.  of  chromic  acid  causes  amorphous  lead  chromate  to  crystallize,  or,  according 
to  K.  Preis  and  B.  Rayman,  to  be  transformed  into  lead  dichromate  ; but,  according 
to  W.  Autenrieth,  a hot,  cone.  soln.  of  chromic  acid  does  not  dissolve  the  chromate. 
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J.  Coneybeare  said  that  lead  chromate  dissolves  sparingly  in  water  containing 
potassium  chromate.  F.  Paneth  and  co-workers,  G.  M.  Schwab  and  E.  Pietsch,  and 
A.  Eisner  studied  the  adsorption  of  radioactive  substances  by  crystals  of  lead 
chromate.  J.  N.  Mukherjee  and  H.  L.  Ray  found  that  a precipitate  of  lead  chromate 
in  contact  with  various  salts  becomes  negatively  charged  in  contact  with  water, 
this  being  due,  probably,  to  the  adsorption  of  chromate  ions  or,  alternatively,  to 
the  adsorption  of  hydroxyl  ions  from  the  water.  The  velocity  of  electrical- osmosis 
shows  that  when  the  lead  chromate  is  in  contact  with  soln.  of  potassium  chromate, 
iodate,  nitrate,  iodide,  sulphate,  and  chloride, 
lead  nitrate,  barium  chloride,  and  calcium 
chloride  of  cone,  varying  between  0-000067 N 
and  0-004 A’,  the  order  of  adsorbability  of  the 
cations  is  Pb">Ba">Ca">K',  whilst  with  a 
constant  cation,  K‘,  the  order  of  adsorption  of 
the  anions  is  that  given  above.  The  constituent 
ions  of  a precipitate  are  very  strongly  adsorbed 
by  it,  those  of  lead  being  so  largely  adsorbed  as 
to  reverse  the  charge  at  a cone,  of  0-00005A. 

These  observations  cannot  be  explained  on  the 
type  of  adsorption  assumed  by  F.  Paneth ; and 
the  suggestion  of  K.  Fajans  and  K.  von  Becke- 
rath  that  there  is  a parallelism  between  the 
intensity  of  adsorption  of  the  anion  and  the 
solubility  of  the  salt  of  the  adsorbed  ion  with 
opposite  sign  in  the  precipitate  is  not  tenable,  since  the  nitrate  is  more  strongly 
adsorbed  than  the  iodide  or  sulphate,  whereas  the  order  of  increasing  solubility 
of  the  lead  salts  is  Cr04''<I03'<I'<S04''<Cl'<N03'.  F.  M.  Jager  and 
H.  C.  Germs  studied  the  binary  system : lead  sulphate — and  lead  chromate,  and 
obtained  the  diagram,  Fig.  61,  which  is  largely  conjectural  because  of  the  decom- 
position at  the  higher  temp.  There  is  a gap  in  the  solid  soln.  between  30  and  40 
per  cent.  PbCr04.  The  mixed  crystals  have  transition  points  at  934°,  874°,  and 
748°. 

A number  of  basic  lead  chronjates  has  been  reported.  C.  Liickow,  and 
J.  J.  W.  Watson  and  T.  Slater  obtained  basic  salts  by  the  electrolysis  of  a soln.  of 


Fig.  61. — Freezing-point  Curves  of 
the  Binary  System  : 
PbSOj-PbCrOj. 
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Fig.  62.  Freezing-point  Curves  of  the  Fig.  63. — Equilibrium  Diagram  of  the  Ternary 
Binary  System : PbO-PbCr04.  System  : Pb0-Cr03-H,0  at  25°. 

sodium  chlorate  and  chromate  with  lead  electrodes  ; S.  Ganelin,  by  the  action  of 
potassium  chromate  and  magnesia  on  lead  sulphate  ; A.  C.  Becquerel,  by  the 
action  of  a zinc  plate  and  water  on  lead  chromate  ; E.  Toelle  and  M.  von  Hofe,  and 
J.  Kronen,  by  the  action  of  a paste  of  lead  chromate  on  lead  oxide  ; H.  N.  Holmes, 
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by  the  action  of  potassium  chromate  on  soln.  of  lead  salts  ; and  A.  Prinvault 
observed  transient  violet  compounds  of  apparently  high  basicity.  The  equilibrium 
conditions  of  fused  mixturesof  lead  oxide  and  chromate  were  studied  byH.  C.  Germs, 
F.  M.  Jager  and  H.  C.  Germs,  J.  F.  G.  Hicks.  The  f.p.  curve  of  the  binary  system 
by  F.  M.  Jager  and  H.  C.  Germs  is  shown  in  Fig.  62.  The  compound  Pb5Cr08,  or 
Pbl0Cr2O16,  has  no  real  m.p.  and  is  stable  only  below  815°.  The  eutectic  between 
PbCr04  and  Pb2Cr05  occurs  at  820°,  but  this  part  of  the  diagram  could  not  be 
accurately  explored  because  of  decomposition.  The  other  basic  salt  was  Pb7Cr2013. 
J.  F.  G.  Hicks  obtained  Pb2Cr05,  as  well' as  Pb4Cr07  ; Pb3Cr06 ; and  Pb3Cr209 
on  his  f.p.  curve  ; but  the  results  were  obtained  by  a cruder  method.  The  com- 
pounds obtained  by  the  f.p.  process,  are  not  necessarily  the  same  as  those  obtained 
by  wet  processes.  The  results  of  A.  J.  Cox’s  examination  of  the  ternary  system  : 
Pb0-Cr03-H20  at  25°,  are  summarized  in  Fig.  63.  Here,  the  basic  salts  Pb3Cr06 
and  PbCr05  were  obtained — a vide  supra,  mercury  chromates. 

F.  M.  Jager  and  H.  C.  Germs  observed  that  lead  tetroxychromate,  5Pb0.Cr03 ; 
4Pb0.PbCr04  ; Pb5Cr08  ; or  Pb10Cr2O16,  is  formed  from  mixtures  of  lead  chromate 
with  82-5  to  89  molar  per  cent,  of  lead  oxide,  Fig.  62.  The  compound  is  stable 
below  815°.  It  decomposes  with  the  evolution  of  oxygen  above  its  m.p.  ; and  at 
a temp,  exceeding  615°,  it  decomposes  into  a liquid  and  solid  /J-Pb7Cr2013. 
J.  F.  G.  Hicks  obtained  lead  trioxychromate,  4Pb0.Cr03  ; 3Pb0.PbCr04 ; or 
Pb4Cr07,  from  a molten  mixture  of  lead  oxide  and  chromate,  but  F.  M.  Jager  and 
H.  C.  Germs  did  not  find  it — Fig.  62.  D.  Stromholm  added  the  calculated  amount 
of  0-lAr-K2CrO4  to  lead  hydroxide,  and  as  soon  as  equilibrium  was  established  ; 
there  remained  an  ochre-yellow  mass  of  small  needles  of  the  monohydrate  of  lead 
trioxy chromates,  Pb4Cr07.H20.  F.  M.  Jager  and  H.  C.  Germs  observed  the 
formation  of  lead  pentoxybischromate,  7Pb0.2Cr03;  5Pb0.2PbCr04;  or  Pb7Cr2013, 
by  melting  lead  chromate  with  68  to  82-5  molar  per  cent,  of  lead  oxide,  Fig.  62. 
It  melts  at  854°‘with  feeble  dissociation.  At  774°,  there  is  a reversible  transfor- 
mation with  a small  thermal  change.  It  forms  with  lead  oxychromate  a eutectic 
at  841°  and  68  molar  per  cent.  PbO.  They  consider  that  the  mineral  melanochroite 
from  Beresowsk,  Urals,  is  probably  this  compound — vide  infra.  At  830°,  this 
melanochroite  decomposes  with  the  separation  of  lead.  J.  F.  G.  Hicks  reported 
lead  dioxychromate,  3Pb0.Cr03 ; 2Pb0.PbCr04 ; or  Pb3Cr06,  to  be  formed 
from  fused  mixtures  of  lead  oxide  and  chromate,  but  F.  M.  Jager  and  H.  C.  Germs 
did  not  find  it.  On  the  other  hand,  A.  J.  Cox  observed  its  formation  under  the 
conditions  indicated  in  Fig.  63.  This  salt  can  be  regarded  as  a derivative  of  the 
hypothetical  orthochromic  acid,  H6Cr06  ; just  as  PbO.PbCr04  can  be  regarded  as  a 
derivative  of  parachromic  acid,  H4CrOfl. 
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J.  F.  G.  Hicks,  however,  does  not  favour  this  hypothesis,  since  it  does  not  explain 
the  constitution  of  3Pb0.PbCr04. 

P.  L.  Dulong  prepared  lead  oxychromate,  2Pb0.Cr03 ; PbO.PbCr04 ; or 
Pb2Cr05,  by  boiling  lead  oxide  or  carbonate  with  an  aq.  soln.  of  potassium  chromate. 
M.  Rosenfeld,  F.  Auerbach  and  H.  Pick,  T Gobel,  and  J.  G-  Gentele  employed 
modifications  of  this  process- — cf.  Figs.  62,  and  63.  L.  N.  Vauquelin,  and  M.  Faraday 
exposed  to  the  air  a dil.  soln.  of  lead  nitrate  and  potassium  chromate  in  dil.  potash- 
lye,  and  obtained  small  crystals  which  was  thought  were  the  normal  chromate,  but 
which  were  shown  by  F.  Wohler  and  J.  von  Liebig  to  be  the  oxychromate. 
C.  Reichard  obtained  the  oxychromate  by  the  action  of  potassium  chromate  . on  a 
soln.  of  lead  sulphate  in  an  aq.  soln.  of  ammonium  tartrate  ; R.  Weinland  and 
F.  Paul,  by  the  action  of  potassium  chromate  on  a hot  soln.  of  potassium  hydroxy- 
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chlorate  ; and  A.  A.  Hayes,  by  the  slow  action  of  carbon  dioxide  on  a soln.  of  lead 
oxide  and  potassium  chromate  in  potash-lye.  As  the  soln.  becomes  sat.  with 
carbon  dioxide,  orange-yellow  needles  of  lead  oxychromate  are  formed.  F.  M.  Jager 
and  H.  C.  Germs  observed  that  this  compound  is  formed  by  the  fusion  of  mixtures 
of  lead  chromate  with  15  to  68  molar  per  cent.  PbO — Fig.  62.  J.  F.  G.  Hicks 
obtained  it  in  a similar  manner  ; and  R.  F.  Marchand,  by  heating  the  neutral 
chromate  to  redness  for  some  time.  A.  A.  Hayes,  J.  F,  G.  Hicks,  W.  E.  Fuss, 
J.  F.  G.  Hicks  and  W.  A.  Craig, F.  Wohler  and  J.  von  Liebig,  M.  Groger,  L.  Bourgeois, 
and  M.  Lachaud  and  C.  Lepierre  obtained  it  by  fusing  lead  chromate  with  an  alkali 
nitrate,  and  leaching  out  the  soluble  salt  with  water.  M.  Lachaud  and  C.  Lepierre, 
and  J.  F.  G.  Hicks  and  W.  A.  Craig,  by  fusing  a mixture  of  lead  oxide  and  chromate, 
and  sodium  chloride.  Lead  oxychromate  is  also  a product  of  the  hydrolysis  of  the 
normal  chromate  with  water  or,  according  to  E.  F.  Anthon,  P.  Grouvelle, 
J.  F.  G.  Hicks,  C.  0.  Weber,  A.  Habich,  M.  Lachaud  and  C.  Lepierre,  with  dil. 
alkali-lye ; or,  according  to  F.  Auerbach  and  H.  Pick,  with  0-12V-Na2C03. 
P.  L.  Dulong,  and  E.  Guignet  obtained  the  same  basic  salt  by  boiling  lead  chromate 
and  carbonate  with  water ; M.  Rosenfeld,  T.  Gobel,  P.  Grouvelle,  and  J.  Badams, 
by  boiling  lead  chromate  and  oxide  with  water  ; and  J.  J.  Berzelius,  by  boiling 
lead  oxide  with  potassium  chromate  and  water.  R.  Weinland  and  R.  Stroh 
prepared  the  basic  chromate  lead  dihydroxychromate,  [Pb(0H)2]Cr04,  by  double 
decomposition  with  lead  perchlorate  and  a soluble  chromate.  The  equilibrium 
conditions  were  studied  by  A.  J.  Cox — Fig.  63.  Analyses  were  reported  by 
D.  Stromholm,  M.  Groger,  J.  F.  G.  Hicks,  M.  Lachaud  and  C.  Lepierre,  F.  Auerbach 
and  H.  Pick,  J.  Badams,  etc.  The  colour  of  this  basic  chromate  varies  from  a deep 
fiery  red,  cochineal-red,  scarlet-red,  orange-red,  vermilion,  etc.  Orange-chrome 
— vide  supra— is  mainly  this  compound.  It  may  be  formed  as  an  amorphous, 
or  eruptic  crystalline  powder  ; and  the  crystals  were  described  by  M.  Lachaud  and 
C.  Lepierre  as  prismatic  needles,  which,  according  to  L.  Bourgeois,  are  isomorphous 
with  lanarkite.  F.  M.  Jager  and  H.  C.  Germs  said  that  it  furnishes  no  polymorphic 
transformation,  and  that  it  melts  at  920°.  The  eutectic  with  lead  chromate  is  at 
820°  with  about  15  molar  per  cent,  of  lead  oxide.  M.  Lachaud  and  0.  Lepierre 
said  that  it  is  insoluble  in  water;  and  F.  Auerbach  and  H.  Pick  gave  6xl0-35 
for  the  solubility  product  at  18°.  M.  Lachaud  and  C.  Lepierre  found  that  a litre 
of  2IV-KOH  at  15°  dissolves  10-1  grms. ; at  60°,  13-5  grms. ; at  80°,  21-9  grms. ; 
and  at  102°,  32-1  grms.  Dil.  acids  transform  it  into  lead  chromate.  Observations 
on  the  action  of  sodium  hydrocarbonate  soln.,  by  F.  Auerbach  and  H.  Pick,  are 
summarized  in  Fig.  56.  J.  Badams  said  that  acetic  acid  extracts  half  the  contained 
lead  oxide. 

R.  Hermann  reported  the  occurrence  of  a basic  lead  chromate  in  the  limestone  of 
Beresowsk,  Urals,  and  he  called  it  melanochroite — from  /xc'Aa?,  black  ; and  ^poa, 
colour — but  since  the  colour  of  the  mineral  is  red,  not  black,  E.  F.  Glocker  changed 
the  name  to  phoenicochroite — from  ^oiWKfoy,  deep-red ; and  xpoa,  colour— and 
this  term  was  adopted  by  J.  F.  L.  Hausmann,  and  J.  D.  Dana.  W.  Haidinger’s 
term  phanicite  is  more  portable,  so  to  speak,  but  it  is  too  much  like  phenacite  for 
use.  R.  Hermann’s  analysis  corresponds  with  lead  oxybischromate,  3Pb0.2Cr03, 
Pb0.2PbCr04,  or  Pb3Cr209.  W.  E.  Dawson  gave  4Pb0.3Cr03  for  a variety 
obtained  from  Pretoria,  Transvaal.  Analyses  of  the  artificial  chromate  in  agree- 
ment with  this  were  reported  by  C.  Liideking,  R.  Weinland  and  F.  Paul,  and 
M.  Lachaud  and  C.  Lepierre.  A.  Drevermann  obtained  it  together  with  the  normal 
chromate  by  the  slow  mixing  by  diffusion  of  soln.  of  potassium  chromate  and  lead 
nitrate.  R.  Weinland  and  F.  Paul  obtained  it  by  the  action  of  sodium  chromate 
soln.  on  a hot  soln.  of  lead  hydroxychlorate.  A.  C.  Becquerel  obtained  it  by  elec- 
trolysis, through  a connecting  capillary  tube,  of  soln.  of  potassium  dichromate 
and  plumbate  ; by  the  electrocapillary  action  qf  the  same  two  soln.  separated 
by  a collodion  or  paper  partition  ; by  the  long  continued  action  of  a soln.  of  potas- 
sium chromate  on  chalk  previously  boiled  with  a cone.  soln.  of  lead  nitrate  ; and 
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by  the  action  for  several  years  of  a Pt-Pb-couple  on  a cone.  soln.  of  chromic  chloride 
and  china  clay.  N.  S.  Manross,  and  M.  Lachaud  and  C.  Lepierre  obtained  it  by 
heating  at  a red-heat  a mixture  of  lead  chromate  and  molten  sodium  chloride ; 
S.  Meunier,  by  the  action  of  a soln.  of  potassium  dichromate  on  galena  ; and 
C.  Liideking,  by  allowing  a soln.  of  lead  chromate  in  cone,  potash-lye  to  stand 
for  some  months  exposed  to  air.  F.  M.  Jager  and  H.  C.  Germs  observed  no  sign 
of  this  compound  in  their  study  of  the  system  PbO-PbCr04 ; nor  was  A.  J.  Cox 
more  successful  in  his  study  of  the  system : Pb0-Cr03-H20.  J.  F.  G.  Hicks, 
however,  said  that  he  obtained  it  from  fused  mixtures  of  lead  oxide  and  chromate 
in  a molten  equimolar  mixture  of  potassium  and  sodium  nitrates.  According  to 
R.  Hermann,  melanochroite  is  coloured  hyacinth-red  or  cochineal-red,  and  it 
becomes  lemon-yellow  on  exposure  to  air.  It  occurs  in  massive,  and  also  in  tabular 
crystals  thought  to  be  rhombic.  The  sp.  gr.  is  3-0  to  3-5,  and  the  hardness  5-75. 
A.  Drevermann  described  it  as  forming  rhombic  plates  coloured  like  potassium 
ferricyanide  ; A.  C.  Becquerel,  as  orange-red,  doubly  refracting  needles  ; and 
N.  S.  Manross,  as  deep  red,  hexagonal  prisms.  M.  Lachaud  and  C.  Lepierre  said 
that  the  red,  rhombic  crystals  have  a sp.  gr.  5-81  ; A.  Drevermann  found  that 
the  salt  does  not  dissolve  as  readily  as  the  normal  chromate  in  a soln.  of  potassium 
hydroxide.  Cone,  nitric  acid  changes  it  into  chrome-yellow. 

M.  Groger  reported  ammonium  lead  chromate,  (NH4)2Pb(Cr04)2,  by  dropping 
50  c.c.  of  a cold,  sat.  soln.  of  ammonium  chromate  into  10  c.c.  of  a- cone.  soln.  of 
lead  acetate,  and  allowing  the  voluminous,  yellow,  amorphous  precipitate  to  stand 
for  some  weeks  in  contact  with  the  mother-liquor.  M.  Lachaud  and  C.  Lepierre 
obtained  microscopic,  hexagonal  plates  of  lithium  lead  chromate,  Li2Pb(Cr04)2, 
by  heating  freshly  precipitated  lead  chromate  with  a very  cone.,  neutral  soln.  of 
lithium  chromate  for  8 hrs.  in  a sealed  tube  at  140°  ; and  by  melting  lead  chromate 
with  lithium  nitrate  when  some  lead  oxychromate  is  formed  at  the  same  time. 
A basic  salt  could  not  be  prepared.  Normal  sodium  lead  chromate,  Na2Pb(Cr04)2, 
was  obtained  in  a similar  way.  The  yellow  prisms  or  plates  are  soluble  in  water. 
By  heating  lead  chromate,  lead  oxychromate  and  sodium  chromate  in  molten 
sodium  nitrate,  orange,  microscopic  prisms  of  sodium  lead  dioxybischromate, 
2Pb0.Na2Pb(Cr04)2,  are  produced.  M.  Barre  obtained  potassium  lead  chromate, 
K2Pb(Cr04)2,  from  soln.  of  potassium  chromate  and  lead  chromate  ; L.  Bourgeois, 
and  M.  Lachaud  and  C.  Lepierre,  obtained  it  by  heating  lead  chromate,  or  a mixture 
of  lead  chromate  and  potassium  chromate  in  molten  potassium  nitrate  for  3 hrs.  ; 
and  M.  Groger,  by  shaking  50  c.c.  of  an  almost  sat.  soln.  of  potassium  chromate 
with  10  c.c.  of  a cone.  soln.  of  potassium  acetate- — with  lead  nitrate  some  hydroxy- 
nitrate  is  formed  as  well.  The  yellow,  hexagonal  plates  melt  in  a crucible  over  the 
bunsen  flame.  The  salt  is  insoluble  in  water  and  in  alcohol ; and  with  dil.  acids, 
lead  chromate  is  formed.  According  to  M.  Barre,  the  salt  is  decomposed  by  water, 
potassium  chromate  passing  into  soln.,  but  with  the  following  proportions  of  potas- 
sium chromate  in  100  parts  of  water,  the  salt  is  insoluble  at  the  temp,  indicated  : 

10°  27-5°  37-5°  50°  70°  100° 

K2Cr04  . . 8 950  S-077  7-629  7-160  6-145  4-940 

C.  Immerwahr  said  that  the  electrode  potential  of  lead  against  lead  chromate 
suspended  in  2M-K2Cr04  is  0-536  volt.  M.  Groger  said  that  the  monohydrale, 
K2Pb(Cr04)2.H20,  is  formed  by  the  action  of  lead  chromate  on  potassium  acetate 
soln.,  or  of  potassium  chromate  on  lead  acetate  soln.  M.  Lachaud  and  C.  Lepierre 
obtained  potassium  lead  dioxychromate,  2Pb0.K2Pb(Cr04)2,  in  orange  prisms  by 
the  method  used  for  the  sodium  salt.  M.  Lachaud  and  C.  Lepierre  also  prepared 
barium,  strontium,  and  calcium  lead  chromates  by  the  method  used  for  the  alkali 
salts.  For  copper  lead  chromate,  vide  infra,  vauquelinite.  A.  Breithaupt  described 
a mineral  from  Berezoff,  Urals,  as  occurring  in  orange-yellow  crystals — possibly  zinc 
lead  chromate.  The  mineral  was  called  jossoite.  Its  sp.  gr.  is  5-2  ; and  its 
hardness  3. 
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S.  H.  C.  Briggs  20  heated  3-5  grms.  of  antimony  oxychloride,  2Sb0Cl.Sb203, 
with  6 grms.  of  chromic  trioxide  and  6 c.c.  of  water  in  a sealed  tube  for  4 hrs.  at 
200°.  The  tube  contained  a straw-yellow  sublimate,  and  an  orange-yellow  deposit 
in  spherical,  crystalline  aggregates,  insoluble  in  water,  and  slowly  soluble  in  nitric 
acid — vide  supra,  antimony  chromite.  The  composition  approximated  antimony 
telroxybischr ornate,  3Sb02.2Cr03,  or  Sb304(Cr04)2.  Although  normal  bismuth 
chromate,  Bi2(Cr04)3,  has  not  been  prepared,  K.  Preis 
and  B.  Rayman  obtained  what  they  regarded  as 
potassium  bismuth  chromate,  4K2Cr04.Bi2(Cr04)3, 
by  mixing  a soln.  of  2 mols  of  bismuth  nitrate  with 
a soln.  of  9 mols  of  potassium  chromate.  The  pre- 
cipitate is  non-crystalline.  J.  Milbauer  obtained  only 
a 6-3  per  cent,  conversion  to  chromate  when  a mix- 
ture of  bismuth  oxide  or  carbonate  and  chromic 
oxide  was  heated  to  480°  in  oxygen  at  12  atm.  press. 

A number  of  basic  salts  has  been  reported,  with 
Bf,03  : Cr03  : HoO  = 3:  1:0;  3:2:0;  1:1:0; 

1 : 2 : 1 ; 5 : 11  : 6 ; and  3 : 7 : 0.  Of  these,  A.  J.  Cox 
recognized  only  the  1:2:  1 -compound — the  1:4:1- 
compound  may  be  a basic  dichromate.  The 
5 : 11  : 6-compound,  reported  by  M.  M.  P.  Muir  to 
be  formed  by  the  protracted  boiling  of  the  1:4:1- 
compound  with  dil.  nitric  acid,  is  considered  by  g^m  rfth^SSSsJstem: 
A.  J.  Cox  to  be  an  impure  1:2:  1-compound  ; and  Bi  .Oj-CrOj-H.O  at  25°. 
a similar  remark  applies  to  the  3:7: 0-compound 

reported  by  M.  M.  P.  Muir  to  be  formed  by  heating  the  1:4:  1-compound  with 
cone,  nitric  acid.  The  other  basic  salts  are  supposed  to  be  impure  1:2:1  or 
1:4:  1-compounds  or  mixtures  of  these.  The  results  of  A.  J.  Cox’s  exami- 
nation of  the  ternary  system : Bi203-Cr03-H20  at  25°  are  summarized  in 
Fig.  64.  If  the  soln.  at  25°  has  a smaller  cone,  than  7-80  mols  of  Cr03  per  litre, 
the  1:4:  1-compound  is  hydrolyzed  and  it  passes  into  the  1:2:  1-compound, 
which  is  stable  even  when  the  soln.  is  almost  pure  water.  S.  H.  C.  Briggs  did  not 
succeed  in  making  a bismuth  chromate — vide  supra,-  bismuth  chromite. 

W.  Schmid  reported  the  3:1:  0-compound  or  3Bi203.Cr03,  which  may  be 
bismuthyl  orthochromate,  (Bi0)6Cr06.  It  is  said  to  be  formed  by  boiling  bismuthyl 
hydroxide  with  a cone.  soln.  of  potassium  chromate.  The  heavy,  pale  orange 
powder  is  washed  with  boiling  water.  It  can  be  heated  to  redness  without  decom- 
position. J.  Lowe  prepared  the  3:2:  0-compound — possibly  bismuthyl  paradi- 
chromate,  (BiO)3=Cr0-O-CrO=(BiO)3 — by  pouring  a soln.  of  bismuth  nitrate, 
containing  as  little  free  nitric  acid  as  possible,  into  an  excess  of  a soln.  of  potassium 
chromate,  and  washing  the  product  with  hot  water.  W.  Schmid  obtained  it  by 
heating  the  1:2:  1 -compound  with  molten  potassium  nitrate,  and  leaching  the 
soluble  salts  from  the  cold  product  with  water  ; and  M.  M.  P.  Muir,  by  boiling  the 
5:  11  : 6-  or  the  3:7:  0-compound  with  potash-lye.  A.  J.  Cox  regarded  this 
product  as  a mixture  of  bismuth  oxide  and  the  1:2:  1 -compound.  J.  Lowe  said 
that  the  lemon-yellow,  micro-crystalline  powder  contains  only  one  per  cent,  of 
water  when  dried  at  110°.  It  can  be  heated  to  redness  without  melting  or  without 
decomposition.  It  is  insoluble  in  cold  or  hot  water  ; it  is  freely  soluble  in  an  excess 
of  dil.  hydrochloric  or  nitric  acid,  but  if  the  acid  be  not  in  excess,  the  1:2:1- 
compound  is  formed.  When  boiled  with  dil.  soda-lye,  it  forms  a bright  red  basic 
salt.  “ Bismuth  chromate,”  said  A.  Naumann,  “ is  insoluble  in  acetone.” 

M.  M.  P.  Muir  reported  the  1:1:  0-compound,  bismuthyl  chromate,  Bi203.Cr03, 
or  (BiO)2Cr04,  to  be  formed  by  treating  a soln.  of  bismuth  nitrate  with  an  excess 
of  potassium  chromate  or  dichromate,  and,  after  the  addition  of  a few  drops  of  nitric 
acid,  boiling  the  mixture  for  a few  hours  until  it  is  transformed  into  a red  powder. 
The  product  is  washed  with  hot  water,  and  dried  at  100°.  It  is  also  obtained  by 
VOL.  XI.  X 
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boiling  the  1:2:  1-compound  with  a soln.  of  potassium  dichromate  and  hydroxide. 
The  vermilion-coloured  powder  consists  of  microscopic  needles.  It  does  not 
decompose  when  heated  in  a crucible  over  the  bunsen-flame,  but  when  strongly 
heated  it  becomes  dark  brown  ; it  is  insoluble  in  water,  soluble  in  dil.  hydrochloric 
acid,  but  not  so  soluble  in  dil.  nitric  or  sulphuric  acid.  Boiling  soda-lye  converts 
part  of  it  into  the  3:1:  0-compound,  and  part  is  dissolved. 

J.  Lowe  poured  a nearly  neutral  soln.  of  bismuth  nitrate  into  an  excess  of  a 
warm  soln.  of  potassium  dichromate  and  boiled  the  mixture  for  some  time.  The 
product,  washed  with  water  and  dried  at  140°,  consisted  of  Bi203.2Cr03,  or 
Bi203.2Cr03,  that  is,  bismuthyl  dichromate,  (Bi0)2Cr207,  or  bismuth  hydroxy- 
chromate,  Bi(0H)Cr04.  M.  M.  P.  Muir,  W.  Schmid,  and  K.  Preis  and  B.  Rayman 
also  prepared  this  salt.  R.  W.  Pearson  obtained  a product  by  a similar  process, 
but  regarded  it  as  the  1:1:  0-compound.  F.  Nolle  also  prepared  a similar  salt. 
A.  J.  Cox  showed  that  this  compound  is  produced  by  the  hydrolysis  of  the  1:4:0- 
compound — Fig.  64.  At  25°,  the  salt  Is  stable  in  the  presence  of  water  containing 
not  less  than  0-00001  mol  of  chromic  acid  per  litre.  J.  Lowe  obtained  it  by  the 
action  of  mineral  acids  on  the  1:1:  0-compound  ; W.  Schmid,  by  boiling  bismuthyl 
hydroxide  with  an  excess  of  a soln.  of  chromic  acid  ; and  M.  M.  P.  Muir,  by  the 
action  of  dil.  nitric  acid  on  the  1:4:  1-compound.  J.  Lowe,  W.  Schmid,  and 
A.  J.  Cox  supposed  the  salt  to  be  anhydrous  ; and  M.  M.  P.  Muir,  hydrated. 
The  anhydrous  salt  consists  of  minute,  orange-yellow  scales,  which  decompose 
at  a red-heat ; and  are  insoluble  in  hot  or  cold  water,  but  soluble  in  dil.  mineral 
acids. 

M.  M.  P.  Muir  prepared  the  1:4:1  compound — bismuth  hydroxydichromate, 
Bi203.4Cr03.H20,  or  else  bismuthyl  quaterochromate,  Bi0.0.Cr02.0.Cr02.0. 
Cr02.0.Cr02.0.Bi0,  without  combined  water — by  boiling  the  1:1:  0-compound 
with  a little  cone,  nitric  acid.  A.  J.  Cox  obtained  it  by  the  action  of  chromic 
acid  on  bismuth  oxide  provided  the  soln.  contains  at  least  7-8  mols  of  Cr03  per  litre 
at  25°; — Fig.  64.  The  salt  is  washed  with  a similar  soln.  of  chromic  acid.  The 
salt  prepared  by  A.  J.  Cox  was  not  hydrated  ; M.  M.  P.  Muir’s  product  was  said 
to  be  the  monohydrate  when  dried  at  100°  ; but  A.  J.  Cox  said  that  it  was  not  com- 
pletely dried.  M.  M.  P.  Muir  found  that  the  water  is  expelled  at  200°-250°.  The 
small  ruby-red  crystals  are  monoclinic  prisms  which  decompose  when  strongly 
heated,  forming  a reddish  vapour  and  a green  residue.  It  is  insoluble  in  hot  and 
cold  water  ; but  it  dissolves  freely  in  mineral  acids  ; with  cone,  hydrochloric  acid, 
chlorine  is  evolved.  It  forms  a pale  orange  product  when  boiled  for  a long  time 
with  dil.  nitric  acid. 

The  vanadium  chromates  have  been  discussed  in  connection  with  the  chromium 
vanadates.  According  to  C.  W.  Blomstrand,27  an  aq.  soln.  of  columbium  oxy- 
chloride gives  a yellow,  granular  precipitate  of  columbium  chromate  when  it  is 
treated  with  potassium  chromate. 

The  so-called  chromium  chromates  have  been  discussed  in  connection  with 
the  oxides  Cr509,  or  2Cr203.Cr03 ; Cr8015,  or  3Cr203.2Cr03 ; Cr02,  or 
Cr203.Cr03 ; Cr4O0,  or  Cr203.2Cr03 ; Cr5012,  or  Cr203.3Cr03 ; and  Cr6012,  or 
Cr203.4Cr03.  H.  J.  S.  King  prepared  chromic  hydroxypentammino- 
chromate,  [Cr(NH3)5(0H)]Cr04,  by  the  action  of  the  chloride  of  the  base  in 
ammoniacal  soln.  on  ammonium  chromate.  O.  T.  Christensen  28  prepared  chromic 
nitritopentamminochromate,  [Cr(NH3)5(N02)]Cr04,  by  treating  the  corresponding 
chloride  with  a cold,  sat.  soln.  of  potassium  chromate.  The  salt  forms  small, 
yellow  crystals,  sparingly  soluble  in  water  ; and  they  explode  like  gunpowder 
when  heated.  A.  Hiendlmayr  prepared  chromic  fluopentamminochromate, 
[Cr(NH3)5F]Cr04,  by  the  action  of  potassium  chromate  on  a soln.  of  the  chloride  of 
the  series.  S.  M.  Jorgensen  prepared  chromic  chloropentamminochromate, 
[Cr(NH;!)5Cl]Cr04,  by  treating  the  corresponding  chloride  or  nitrate  with  potassium 
chromate,  and,  after  filtration,  washing  the  product  with  cold  water.  The  mic.-j- 
scopic,  rhombic  plates  are  soluble  in  water.  P.  T.  Cleve  obtained  chromic  aquo- 
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chlorotetramminochromate,  [Cr(NH3)4)H20)Cl]Cr04,  from  a soln.  of  the  corre- 
sponding chloride  by  the  addition  of  potassium  chromate.  The  brownish-black 
powder  decomposes  when  heated.  S.  M.  Jorgensen  obtained  chromic  bromopentam- 
minochromate,  [Cr(NH3)5Br]Cr04,  from  a cold  sat.  soln.  of  the  nitrate  by  the 
addition  of  2V-K2Cr04.  The  brownish-red  product  forms  the  chloride  when  treated 
with  hydrochloric  acid.  He  also  prepared  chromic  oxyaquotrihydroxyhexammino- 
chromate,  [Cr2(O4H5)(NH3)0]2(CrO4)3.5H2O,  or 


(NH3)2  (NH3)4 

(H20)  Cr-O-Cr(OH) 
.(HO), 


(Cr04)3,5H20 

2 


by  the  action  of  potassium  chromate  in  excess  on  a soln.  of  the  chloride.  The 
microscopic,  reddish-brown,  rhombic  plates  are  sparingly  soluble  in  water. 
P.  Pfeiffer  and  W.  Vorster  prepared  chromic  hexaethylenediaminohexahydroxy- 
chromate,  [Cr4(OH)0(en)0](CrO4)3.5H2O,  from  a soln.  of  the  chloride  and  a cone, 
soln.  of  potassium  chromate.  The  brownish-red  compound  is  decomposed  by  a 
prolonged  boiling  with  water.  W.  J.  Sell  prepared  chromic  hexacarbamido- 
chromate,  [Cr(CON2H4)0](CrO4)3.4H2O. 

J.  J.  Berzelius  29  obtained  a basic  molybdenum  chromate  by  adding  potassium 
chromate  to  a soln.  of  molybdenum  chloride  ; and  another  basic  salt  as  a pre- 
cipitate by  adding  ammonia  to  a soln.  of  the  dichromate.  The  pale  yellow  soln. 
when  spontaneously  evaporated  furnishes  white  or  yellowish-white  acicular  or  scaly 
crystals  which  are  efflorescent.  A.  Atterberg  prepared  molybdous  tetrabromo- 
chromate,  [Mo3Br4]Cr04.  If  a soln.  of  molybdous  tetrabromodihydroxide  in 
alkali-lye  be  treated  with  potassium  dichromate,  no  precipitate  is  formed  ; but  if 
an  acid,  say  acetic  acid,  be  also  added,  the  soln.  becomes  dark  red,  and  a dark 
purple-brown  powder  is  precipitated.  The  compound  decomposes  when  heated. 
It  is  insoluble  in  dil.  acids,  but  soluble  in  hot,  cone,  hydrochloric  acid.  It  is 
decomposed  by  alkali-lye  ; and  it  is  insoluble  or  sparingly  soluble  in  soln.  of 
alkali  chromates.  For  tungsten  chromates,  see  chromium  tungstates. 

According  to  H.  Moser,  and  J.  J.  Berzelius,  potassium  chromate  gives  an  ochre- 
yellow  precipitate  with  uranyl  nijtrate  ; and  C.  F.  Rammelsberg  obtained  a precipi- 
tate with  uranium  tetrachloride  and  potassium  chromate — vide  supra,  uranium 
chromite ; while  J.  F.  John  observed  that  a soln.  of  yellow  uranic  carbonate  in 
chromic  acid  deposits  red,  cubic  and  dendritic  crystals,  which  fuse  with  partial 
decomposition  at  a red-heat.  According  to  N.  A.  Orloff,  a sat.  soln.  of  uranium 
trioxide  in  chromic  acid,  yields,  on  evaporation,  yellow  needles  of  normal  uranyl 
chromate,  (U02)Cr04.3H20.  At  15°,  100  parts  of  water  dissolve  7-52  parts  of  the 
trihydrate  forming  a pure  yellow  soln.,  which,  on  evaporation  at  100°,  gives  an 
amorphous,  brown  mass,  soluble  in  water  to  a brown  soln.  Uranyl  chromate  dis- 
solves slowly  in  alcohol  at  the  ordinary  temp.  ; this  soln.  decomposes  on  boiling, 
also  when  exposed  to  the  action  of  sunlight,  with  the  separation  of  a brown  precipi- 
tate. The  filtrate  from  this  precipitate  when  evaporated  to  dryness  yields  an 
amorphous,  brown  mass,  partially  soluble  in  water  ; it  probably  consists  of  a 
mixture  of  uranyl  chromate  and  chromous  uranate.  According  to  J.  Formanek, 
the  henahydrate,  (U02)Cr04.llH20,  obtained  by  dissolving  the  hydroxide  in  an 
aq.  soln.  of  chromic  acid  and  concentrating  the  filtered  soln.  on  the  water-bath, 
l crystallizes  from  boiling  water  in  yellow  needles,  effloresces  on  exposure  to  the  air, 
and  loses  the  whole  of  its  water  at  200°  ; only  silver,  lead,  mercurous,  and  bismuth 
salts  produce  precipitates  in  its  aq.  soln.  In  precipitating  chromic  acid  as  mercurous 
chromate,  in  presence  of  uranium  salts,  the  mercurous  nitrate  employed  must  be 
free  from  oxide3  of  nitrogen,  and  the  soln.  must  be  slightly  acidic  ; otherwise  some 
of  the  uranium  salt  is  also  precipitated.  J.  Aloy  gave  — 6-3  Cals,  for  the  heat  of  soln. 
of  a mol  of  this  salt  in  1000-2500  mols  of  water  at  18°-20°.  According  to 
; N.  A.  Orloff,  when  potassium  chromate  is  added  to  an  aq.  soln.  of  uranyl  chromate, 
the  basic  salt,  yellow  uranyl  oxybischromate,  U03.2U02Cr04.8H20,  or 
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(U02)30(Cr04)2.8H20,  is  formed  ; and  if  uranyl  acetate  is  similarly  treated,  uranyl 
oxychromate,  U03.U02Cr04.6H20,  or  (U02)20(Cr04).6H20,  is  formed.  He 
added  that  the  formation  of  the  basic  salts  indicates  that  in  soln.  uranyl  chromate 
behaves  like  a mixture  of  uranic  and  chromic  acids.  S.  H.  C.  Briggs  obtained  a 
complex,  2UO3.3CrO3.2Py,  with  pyridine. 

J.  Eormanek  observed  that  yellow  plates  ot  ammonium  uranyl  chromate, 
(NH4)2Cr04.2(U02)Cr04.6H20,  are  produced  by  mixing  a soln.  of  a mol  of  uranyl 
nitrate  with  a soln.  of  a mol  of  ammonium  chromate,  and  evaporating  the  liquor 
over  sulphuric  acid  ; the  same  salt  is  obtained  by  treating  ammonium  uranate 
with  a warm,  cone.  soln.  of  chromic  acid,  and  evaporating  the  filtered  liquid  over 
sulphuric  acid.  The  yellow,  monoclinic  crystals  of  the  hexahydrate  have  the  axial 
ratios  a : b : e=0-8016  : 1 : 1-0196,  and  jS=72°  31'.  The  salt  is  partially  decom- 
posed by  boiling  water.  In  some  cases,  probably  owing  to  a variation  of  temp., 
o-range-red  crystals  of  a trihydrate  were  formed.  J.  Eormanek  obtained  potassium 
uranyl  chromate,  K2Cr04.2U02Cr04.6H20,  by  a process  analogous  to  that  employed 
for  the  ammonium  salt.  The  axial  ratios  of  the  yellow,  monQclinic  plates  or  prisms 
were  a : h : c=0-7566  : 1 : 0-9714,  and/S=107°  22'.  The  salt  is  soluble  in  acidulated 
water,  and  it  is  decomposed'  by  boiling  water.  J.  Wiesner  reported  a number  of 
complex  potassium  salts  are  formed  by  precipitation  from  mixtures  of  uranyl  nitrate 
and  potassium  chromate,  viz.,  K4(U02)3(Cr04)5.7H20 ; K6(U02)4(Cr04)7.7H20 ; 
K2(U02).(Cr04)2.H20  ; and  K2Cr207.3(U02)Cr04.14H20.  J.  Eormanek,  H.  Burger, 
and  E.  Rimbach  obtained  yellow  crystals  of  sodium  uranyl  chromate, 
Na2CrO4.2UO2CrO4.10H2O,  by  a process  analogous  to  that  employed  for  the 
ammonium  salt.  The  salt  is  freely  soluble  in  water,  without  decomposition. 
J.  Eormanek  obtained  silver  uranyl  chromate  as  a vermilion  precipitate  by  treating 
a soln.  of  uranyl  chromate  with  silver  nitrate.  Unlike  J.  Formanek,  B.  Szilard  was 
unable  to  detect  any  decomposition  of  silver  uranyl  chromate  in  light  even  after 
several  days’  exposure.  J.  Formanek  prepared  mercurous  uranyl  chromate  in  a 
similar  manner ; so  also  lead  uranyl  chromate  ; and  bismuth  uranyl  chromate. 

According  to  J.  F.  John,30  an  aq.  soln.  of  chromic  acid  slowly  dissolves  man- 
ganese with  the  evolution  of  hydrogen ; manganous  oxide  and  carbonate  are  also 
dissolved  by  the  acid  forming,  presumably,  soln.  of  manganous  chromate.  The 
soln.  has  an  acidic  reaction  and  a pungent,  metallic  taste,  and  after  repeated  evapora- 
tion it  deposits  nearly  all  the  manganese  in  a higher  state  of  oxidation.  T.  Thomson 
said  that  potassium  chromate  or  dichromate  does  not  give  a precipitate  with 
manganous  salts  immediately,  but  after  some  time,  especially  with  the  chromate,  a 
brownish-black  precipitate  is  produced.  According  to  U.  Antony  and  U.  Paoli, 
if  excess  of  alkali  hydroxide  be  added  to  a soln.  containing  a chromium  and  a 
manganese  salt  in  the  proportion  Mn  : 8Cr(0=16),  no  precipitate  is  obtained,  but 
the  liquid  is  coloured  emerald  green  and  must  be  regarded  as  a colloidal  soln.  of 
the  hydroxides  of  chromium  and  manganese,  since  this  behaviour  is  exhibited  only 
when  the  salts  are  present  in  exactly  the  above  ratio.  Chromium  being  tervalent 
and  having  both  an  acid  and  basic  function,  whilst  manganese  is  bivalent  and 
decidedly  metallic  in  its  properties,  it  is  inferred  that  they  exist  in  this  soln.  in  the 
form  of  a salt,  an  electrolyte,  which  must  be  either  a manganous  chromite  or 
polychromite.  When  this  liquid  is  exposed  to  the  air,  or,  better,  when  oxygen  is 
passed  through  it,  it  quickly  turns  brown  but  remains  free  from  precipitate.  The 
element  undergoing  the  oxidation  is  the  manganese  which  becomes  quadrivalent ; 
the  roles  of  the  two  elements  thus  become  interchanged  and  a more  or  less  basic 
chromium  manganite  is  formed.  The  chromium  hydroxide  now  begins  to  undergo 
oxidation  and  the  amount  of  chromate  formed  in  the  soln.  increases  until  about 
60  per  cent,  of  the  chromium  has  been  converted.  Continued  action  of  oxygen  has 
now  no  further  effect  on  the  liquid  which,  after  a time,  deposits  a dark  precipitate 
of  constant  composition,  the  proportion  Mn  : Cr  having  the  value  1:3;  when  this 
compound  is  treated  with  cold  dil.  sulphuric  acid,  the  chromium  dissolves  as  sul- 
phate whilst  the  manganese  remains  in  soln.  as  the  hydrate  of  manganese  dioxide. 
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If  now  to  this  liquid  is  added  an  alkaline  soln.  of  chromium  hydroxide,  the  latter 
undergoes  immediate  and  complete  oxidation.  U.  Antony  and  U.  Paoli  also 
measured  the  speed  of  the  oxidation.  R.  Warington  observed  that  manganous 
salts  are  coloured  yellowish-brown  by  potassium  chromate,  and  in  time  a dark 
brown  precipitate  is  formed  ; which,  with  dil.  soln.,  may  be  crystalline  manganous 
oxychromate,  Mn0.MnCr04.2H20,  in  agreement  with  the  analyses  of  R.  Warington, 
and  H.  Reinsch.  C.  Freese  obtained  a similar  salt  from  a boiling  soln.  of  manganous 
sulphate  and  potassium  chromate  ; and  A.  J.  Fairrie,  using  manganous  chloride, 
obtained  what  he  regarded  as  3Mn2O3.Cr2O3.3CrO3.6H2O.  E.  Schulze  was  unable 
to  obtain  a manganous  chromate  from  a cold  soln.  of  manganous  carbonate  and 
chromic  acid.  C.  Freese  said  that  the  oxychromate  loses  half  its  water  at  180° 
and  the  remainder  at  300°  ; P.  Grouvelle,  that  the  salt  is  slightly  soluble  in  water  ; 
and  R.  Warington,  that  with  potash-lye  it  furnishes  potassium  chromate  ; with 
hydrochloric  acid  it  gives  chlorine  ; and  dissolves  in  sulphuric  or  nitric  acid  forming 
an  orange-yellow  liquid.  E.  Doilath  described  the  use  of  manganese  chromate  as  a 
pigment  chrome-brown.  C.  Hensgen  prepared  ammonium  manganous  chromate, 
(NH4)2Cr04.2MnCr04.4H20,  as  a precipitate  from  a mixed  soln.  of  manganous  and 
ammonium  sulphates.  It  can  be  crystallized  from  a soln.  of  chromic  acid.  The 
bluish-black  crystals  resemble  iodine.  It  decomposes  at  200°,  and  if  the  salt  be 
rapidly  heated,  a slight  explosion  occurs.  The  corresponding  ammonium  man- 
ganous trischromate,  K2CrO4.2MnCrO4.2H2O,  was  obtained  in  a similar  way,  and 
by  varying  the  proportions  of  the  component  salts  used  in  the  preparation,  inter- 
mediate compounds  are  formed.  M.  Groger  obtained  potassium  manganous 
bischromate,  K2CrO4.MnCrO4.2H2O,  from  4iV-K2Cr04  mixed  with  an  equal  vol. 
of  JV-MnCl2.  F.  Breinl  and  J.  Klaudy  supposed  the  salt  to  be  monohydrated. 
According  to  M.  Groger,  the  salt  is  decomposed  by  water,  with  the  separation  of  a 
brown  precipitate.  It  gives  an  orange-red  soln.  with  sulphuric  acid.  No  definite 
compound  was  obtained  by  using  a greater  excess  of  the  chromate  soln.,  and  with 
boiling  soln.  chromium  manganite  is  formed. 

It  is  scarcely  to  be  expected  that  ferrous  chromate  could  be  prepared  in  aq. 
soln.  because  of  the  strongly  oxidizing  properties  of  the  chromates  and  chromic 
acid  ; L.  N.  Vauquelin  31  obtained  a yellowish-brown  precipitate  on  adding  potas- 
sium chromate  to  a soln.  of  ferrous  sulphate.  The  precipitate  gave  up  no  chromic 
acid  to  alkali-lye,  and  formed  a green  soln.  with  nitric  acid.  C.  Lepierre  found 
that  the  product  of  the  action  is  a basic  complex  ferric  salt — vide  infra.  Neither 
A.  Maus,  nor  C.  W.  Eliot  and  F.  H.  Storer,  were  able  to  prepare  normal  ferric 
chromate.  According  to  A.  Maus,  if  a soln.  of  a ferric  salt  be  treated  with  alkali 
chromate,  a brown  powder  is  formed  which  is  resolved  by  water  into  soluble  chromic 
acid,  and  insoluble  ferric  oxide.  A brown  soln.  is  obtained  when  hydrated  ferric 
oxide  is  digested  with  chromic  acid.  The  soln.  is  not  rendered  turbid  by  dilution 
with  water,  or  by  boiling  ; and,  on  evaporation,  it  yields  a brown  mass  soluble 
in  water  and  in  alcohol.  L.  A.  Weis  found  the  magnetic  susceptibility  of  potassium 
ferric  chromate,  K[Fe(Cr04)2].2H20,  to  be  39-44  xlO-6  mass  unit.  The  brown 
product  obtained  by  the  action  of  potassium  chromate  on  a soln.  of  a ferric  salt 
was  found  by  V.  Kletzinsky,  and  C.  W.  Eliot  and  F.  H.  Storer  to  have  the  composi- 
tion of  ferryl  chromate,  (FeO^CrC^.  L.  Blanc  also  prepared  the  basic  chromate. 
S.  H.  C.  Briggs  obtained  ferric  oxybischromate,  2Fe2O3.4CrO3.H2O,  or 
(FeCr04)20.iH20,  by  treating  5 grms.  of  ferric  chloride  as  in  the  case  of  the 
aluminium  salt.  The  shining  black  crystals  were  mixed  with  a highly  coloured, 
more  basic  substance.  According  to  C.  Hensgen,  ammonium  ferric  chromate, 
(NH4)2Cr04.Fe2(Cr04)3.4H20,  is  obtained  when  the  precipitate,  produced  by 
mixing  cone.  soln.  of  ammonium  chromate  and  ferric  chloride,  is  dissolved  in  hydro- 
chloric acid,  and  the  soln.  slowly  evaporated.  The  dark  red,  leafy,  crystalline  mass 
is  rapidly  washed  with  cold  water,  or  with  alcohol  and  ether.  It  decomposes 
when  heated,  or  when  left  in  contact  with  water.  U.  Lepierre  obtained  the 
same  salt  in  red  crystals  by  evaporating  a cold  soln.  of  ferric  chloride  and 
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ammonium  dichromate.  C.  Hensgen  obtained  potassium  ferric  chromate, 
K2Cr04.Fe2(Cr04)3.4H20,  by  a process  analogous  to  that  used  for  the  ammonium 
salt ; it  is  decomposed  slowly  by  water.  According  to  R.  Weinland  and 
E.  Mergenthaler,  when  a mixed  soln.  of  ferric  nitrate,  chromic  acid,  and  ammonia  is 
heated  on  a water-bath,  carmine  red,  insoluble  ammonium  ferric  chromate, 
NH4[Fe(Cr04)2],  separates  ; and  likewise,  under  analogous  conditions,  potassium 
ferric  chromate,  K[Fe(Cr04)2].2H20,  as  a sparingly  soluble,  dark  orange-red, 
microcrystalline  powder.  With  pyridine  under  similar  conditions,  there  is  formed 
pyridine  ferric  chromate, 

[Fe(Cr04)6]H«(CsH5N)3 

C.  Lepierre  found  that  C.  Hensgen’s  salt  is  produced  by  the  action  of  ferric  chloride  with 
a large  excess  of  potassium  dichromate  ; if  ferric  chloride  be  in  excess,  potassium  chloro- 
chromate  is  one  of  the  products  ; if  neither  salt  is  in  excess,  ruby-red  crystals  of  the  basic  salt 
potassium  ferric  oxyseptieschromate,  2K2Cr04.Fe2(Cr04)3.Fe0(Cr04)2.7H20,  are  formed ; 
and  if  the  one  soln.  is  allowed  to  diffuse  into  the  other,  anhydrous  crystals  of  potassium 
ferric  trioxysexieschromate,  3K2Cr04.Fe203.Fe2(Cr04)3,  are  produced.  A sat.  soln.  of  potas- 
sium chromate  when  added  to  an  excess  of  a sat.  soln.  of  ferric  chloride  yields  ruby-red  hex- 
agonal crystals  of  potassium  ferric  dioxyundecieschromate,  4K2CrO4.2Fe2(CrO4)3.(FeO)2Cr04  ; 
with  an  excess  of  chromate,  an  orange-yellow  precipitate  of  potassium  ferric  trioxynovies- 
chromate,  6K2Cr04.Fe203.Fe2(Cr04)3.nH20,  is  formed — hexahydrate,  if  washed  with  alcohol, 
and  the  decahydrate  if  washed  with  water  ; with  oidy  a slight  excess  of  ferric  salt,  potassium 
ferric  pentoxydecieschromate,  6K2Cr04.Fe203(Fe0)2Cr04.Fe2(Cr04)3.  In  all  cases,  in  hot 
soln.,  the  products  are  mixtures.  If  a soln.  of  6 mols  of  ferrous  sulphate  and  2 mols  of 
potassium  chromate  be  allowed  to  react  at  0°,  potassium  ferric  enneadecaoxybischromate, 
3K20.6Fe203.2Cr03,  is  formed.  It  is  washed  with  water,  alcohol,  and  ether  at  0°  ; when 
moist,  it  is  brown,  and  when  dried,  black.  After  drying  in  the  air,  it  retains  about  30  per 
cent,  of  water.  The  action  of  ferrous  sulphate  on  potassium  chromate  at  higher  temp, 
yields  only  basic  ferric  sulphates.  The  action  of  excess  of  potassium  chromate  on  ferrous 
sulphate  yields  a yellowish-brown,  micro-crystalline  precipitate  of  potassium  ferric 
enneaoxyqucUerchromate,  4K2Cr04.3Fe203,  which  retains  22-7  per  cent,  of  water  when  dried 
in  air.  If  ammonium  ferrous  sulphate  be  employed,  the  precipitate  is  potassium  ferric 
pentadecaoxydecieschromate,  7K2Cr04.Fe2(Cr04)3.5Fe203.  If  ferric  chloride  be  employed 
with  sodium  chromate,  sodium  ferric  oxyquinquieschromate,  4Na2Cr04.6Fe203.(Fe0)2Cr04, 
is  formed  ; and  with  ammonium  chromate,  ammonium  ferric  pentadecaoxysexieschromate, 
6(NH4)2Cr04.5Fe203.  If  ammonium  and  sodium  dichromates  are  employed,  immediate 
oxidation  occurs  without  forming  basic  chromates.  It  is  not  to  be  supposed  that  these 
basic  salts  are  all  chemical  individuals. 

Potassium  chromate  with  soln.  of  cobalt  salts  gives  a reddish-brown  precipitate 
which  is  probably  a basic  salt.  F.  J.  Malaguti  and  M.  Sarzeau  32  represented  it  as 
cobaltous  dioxychromate,  2Co0.CoCr04.4H20,  or  3CoO.Cr03.4H20.  S.  H.  C.  Briggs 
obtained  cobaltous  chromate,  CoCr04,  by  heating  a soln.  of  the  carbonate  in  chromic 
acid  in  a sealed  tube  at  260°  for  several  hrs.  The  greyish-black  crystals  are  readily 
soluble  in  dil.  nitric  acid.  The  dihydrate,  CoCr04.2H20,  is  obtained  in  bronze 
coloured  prisms  or  leaflets,  when  soln.  of  cobalt  acetate  and  potassium  chromate 
are  mixed.  The  salt  is  always  contaminated  with  some  double  chromate.  F.  de 
Boer  studied  the  X-ray  spectrum.  N.  Parravano  and  A.  Pasta  obtained  yellow 
needles  of  cobaltous  bisethylenediaminochr ornate,  CoCr04.2C2H4(NH2)2.  C.  Freese 
said  that  cobaltous  oxychromate,  CrO.CoCrO4.2H2O,  appears  as  a reddish-brown 
precipitate  when  boiling  soln.  of  a cobaltous  salt  and  potassium  chromate  are 
mixed.  One  mol.  of  water  is  expelled  at  about  220°,  and  the  other  at  about  300°. 
The  dehydrated  salt  slowly  takes  up  water  again  from  moisture.  M.  Groger  dis- 
solved cobalt  carbonate  in  the  cold  soln.  of  an  eq.  amount  of  2V-Cr03.  The  filtrate 
is  evaporated,  and  when  the  residue  is  taken  up  with  water  there  remains  the 
brownish-black  monohydrate  of  cobaltous  oxychromate.  F.  J.  Malaguti  and 
M.  Sarzeau  found  that  when  the  dioxychromate  is  treated  with  ammonia  it  forms 
orange-yellow  needles,  and  an  amorphous,  ruby-red  product. 

O.  W.  Gibbs  and  F.  A.  Genth,  and  C.  D.  Braun  treated  cobaltic  hexammino- 
nitrate  with  potassium  chromate  and  obtained  a yellow  precipitate  of  cobaltic 
hexamminochromate,  [Co(NH3)6]2(Cr04)3.5H20.  0.  W.  Gibbs  and  F.  A.  Genth, 
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C.  D.  Braun,  and  T.  Klobb  also  prepared  cobaltic  hexamminochlorochromate, 

[Co(NH3)6]Cl(Cr04)  with  If  and  with  3 mols.  of  water.  G.  Vortmann  treated  an 
aq.  soln.  of  cobaltic  chloroaquotetramminochloride  with  potassium  dichromate 
and  obtained  cobaltic  octamminochromate,  Co2(NH5)8(Cr04)3.4H20.  The  brown 
precipitate  furnishes  bronze  brown  plates  of  the  tetrahydrale  when  recrystallized 
from  dil.  acetic  acid.  If  potassium  chromate  be  used  as  precipitant,  the  olive- 
green  decahydrate  is  formed.  According  to  S.  H.  C.  Briggs,  if  a cobaltic  diaquote- 
trammino-salt  is  added  to  a large  excess  of  neutral  sodium  chromate,  dark  chocolate- 
brown  cobaltic  octamminochromate,  Co2(Cr04)3.8NH3.2|H20,  is  formed,  and  this 
furnishes  the  monohydrate,  if  kept  in  vacuo.  A.  Hiendlmayr  prepared  cobaltic 
fluopentamminochromate,  [Co(NH3)5F]Cr04,  by  the  action  of  potassium  chromate 
on  a soln.  of  the  fluoride  of  the  series.  0.  W.  Gibbs  prepared  cobaltic  nitrito- 
pentamminochromate,  [Co(NH3)5N02]Cr04.H20,  as  a yellow  precipitate  by  adding 
potassium  chromate  to  the  corresponding  nitrate.  J.  N.  Bronsted  and  A.  Petersen 
found  its  molar  solubility  at  20°  to  be  /S=0-000258  and  in  the  presence  of  various 
salts  of  molar  cone.  C, 
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They  also  studied  cobaltic  isothiocyanatopentamminochromale,  [Co(NH3)5SCy]Cr04  ; 
and  cobaltic  tetrathiocyatiatodiamminochromates ; P.  R.  Ray  prepared  cobaltic 
thiosulphatopentamminochromate,  [Co(NH3)5(S203)]2Cr04,  by  adding  potassium 
chromate  to  the  corresponding  chloride.  S.  M.  Jorgensen  obtained,  in  an  analogous 
manner,  yellow,  microscopic  needles  of  cobaltic  cis-dinitritotetramminochromate, 
[Co(NH3)4(N02)2]2Cr04,  and  0.  W.  Gibbs,  cobaltic  trans-dinitritotetramminochro- 
mate.  S.  M.  Jorgensen  likewise  obtained  cobaltic  nitratopentamminochromate, 
[Co(NH3)5N03]Cr04,  in  ochre-yellow  or  brick-red  octahedral  crystals  ; also  brick-red, 
microscopic  crystals  of  cobaltic  chloropentamminochromate,  [Co(NH3)5Cl]Cr04 ; 
and  likewise  greyish-brown,  rosetted  needles  of  cobaltic  chloroaquotetrammino- 
chromate,  [Co(NH3)4(H20)Cl]Cr04 ; and  brown,  six-rayed  aggregates  of  cobaltic 
bromopentamminochromate,  [Co(NH3)5Br]CrO}. 

S.  H.  C.  Briggs  added  a soln.  of  a cobaltic  diaquotetrammino-salt  to  a large 
excess  of  an  alkali  chromate  and  obtained  a series  of  alkali  bischromatotetrammino- 
eobaltiates,  M'[Co(Cr04)2(NH3)4].  A green  form  corresponds  with  the  trans- 
configuration,  and  a brown  form  with  the  cis-configuration  of  the  chromate  radicles. 
The  formation  of  the  brown  form  is  favoured  by  the  presence  of  a large  proportion ' 
of  dichromate  in  the  soln.  The  salts  obtained  were  lithium  cis-bischromatotetram- 
minocobaltiate,  Li[Co(Cr04)2(NH3)4].l|H20 ; sodium  trans-bischromatotetram- 
minocobaltiate,  Na[Co(Cr04)2(NH3)4],  as  a green,  microcrystalline  powder  ; and 
the  corresponding  sodium  cis-bischromatocobaltiate,  Na[Co(Cr04)2.(NH3)4],H20,  in 
greenish-brown  crystals  ; and  potassium  trans-bischromatotetramminocobaltiate, 
K[Co(Cr04)2(NH3)4].  Ifmagnesiumchromatebeemployed,magnesiumcisbischrorna- 
totetramminocobaltiate,Mg[Co(Cr04)2(NH  i)4]2.2H,0,is  formed  inbrown  crystals,  and 
also  magnesium  trans-bischromatotetramminocobaltiate,  Mg[Co(NH3)4(Cr04)2]2. 
8H20,  which,  when  dehydrated  in  vacuo  over  sulphuric  acid,  gives  the  hexa- 
hydrate.  The  octohydrale  is  thought  to  be  Mg[Co(NH3)4(Cr04)2(H20)2]2.4H20,  in 
which  the  co-ordination  number  of  the  cobalt  atom  is  eight.  If  a cobaltic  diaquo- 
tetrammino-salt  be  added  to  a large  excess  of  neutral  ammonium  chromate, 
dark  reddish-brown  crystals  of  ammonium  chromatopentamminobischromate, 


312 


INORGANIC  AND  THEORETICAL  CHEMISTRY 


(NH4)2[Co(Cr04)(NH3)5](Cr04)2,  are  formed.  With  sodium  chromate,  the  octammine 
is  formed  as  indicated  above. 

M.  Groger  prepared  ammonium  cobaltous  oxyquaterochromate,  (NH4)2Cr04. 
Co0.3CoCr04.3H20,  by  the  action  of  2 vols.  of  IV-CoCl2  on  on.e  vol.  of  A-(NH4)2Cr04. 
On  allowing  the  precipitate  to  stand  in  contact  with  the  mother-liquor  for  some 
time,  dark  brownish-red  microscopic  crystals  are  formed.  The  composition  is 
different  if  other  proportions  of  the  constituent  salt  soln.  are  mixed.  S.  H.  C.  Briggs 
prepared  ammonium  cobaltous  chromate,  (NH4)2Cr04.CoCr04.6H20,  in  brownish- 
yellow  prisms,  by  adding  a soln.  of  30  grms.  ammonium  chromate  in  60  c.c.  of 
water  to  a soln.  of  40  grms.  crystallized-  cobalt  acetate  in  120  c.c.  of  water  and 
cooled  by  ice  and  salt.  The  salt  can  be  kept  for  some  days  at  8°,  but  it 
gradually  darkens  in  colour,  and  loses  water ; decomposition  is  rapid  at 
20°.  M.  Groger  prepared  ammonium  cobaltous  diamminoquaterochromate, 
(NH4)2Cr04.3CoCr04.2NH3.3H20,from  cobaltous  chloride  and  ammonium  chromate. 
The  dark  brown  product  is  decomposed  by  water  and  by  heat.  M.  Groger  prepared 
brown  potassium  cobaltous  chromate,  K2Cr04.CoCr04.2H20,  from  a soln.  of 
one  vol.  of  3N-CrCl2  and  3 vols.  of  3N-K2Cr04 ; and  the  basic  salt  potassium 
cobaltous  oxyquaterochromate,  K2Cr04.Co0.3CoCr04.3H20,  or  HO.Co.Cr04.Co. 
KCr04(H20),  by  mixing  2 vols.  of  A'-CoC12  and  one  vol.  of  IV-K2Cr04  ; or  one  vol. 
of  the  former  and  2 vols.  of  the  latter.  The  dark  reddish-brown  product  consists 
of  microscopic  crystals,  which  are  soluble  in  cold,  dil.  sulphuric  acid,' and  are  decom- 
posed by  water  forming  cobaltous  dioxychromate.  S.  H.  C.  Briggs  prepared  caesium 
cobaltous  chromate,  Cs2Cr04.CoCr04.6H20,  as  a brown  crystalline  powder,  by 
mixing  2 grms.  of  caesium  chromate  in  6 c.c.  of  cold  water  with  a soln.  of  1-2  grms. 
of  crystalline  cobalt  acetate  cooled  to  about  —5°. 

S.  H.  C.  Briggs  prepared  a series  of  chromatocobaltammines — e.g.  cobaltic 
chromatopentamminonitrate,  [Co(NH3)5(Cr04)]N03,  by  the  action  of  potassium 
chromate  on  the  aquopentamminonitrate.  The  salt  is  moderately  soluble  in  cold 
water,  and  the  freshly  prepared  soln.  is  not  precipitated  by  silver,  barium,  or  lead 
salts,  but  precipitation  occurs  at  once  in  the  boiling  soln.  Similarly,  cobalt  aquo- 
pentamininochloride  furnishes  brownish-red  crystals  of  cobaltic  chromatopentam- 
minochloride,  [Co(NH3)5(Cr04)]Cl.  If  the  mother-liquor  is  heated  to  50°  and  treated 
with  more  potassium  chromate,  on  cooling,  it  furnishes  yellowish-brown  prisms  of 
cobaltic  chloropentamminochromate,  [Co(NH3)5Cl)]Cr04.2|H20.  If  cobaltic 
chromatopentamminochloride  in  water  at  60°  be  treated  with  silver  chromate, 
cobaltic  chromatopentamminochromate,  [Co(NH3)5(Cr04)]2Cr04.3H20,  is  formed 
in  scaly  crystals  the  colour  of  silver  chromate.  P.  R.  Ray  and  P.  V.  Sarkar  repre- 
sented it  as  a dihydrate,  and  obtained  it  by  the  action  of  ammonium  dichromatc 
and  aq.  ammonia  on  freshly  precipitated  cobalt  hydroxide.  By  treating  cobaltic 
diaquotetramminonitrate  with  a dil.  soln.  of  potassium  chromate,  cobaltic  chroma- 
totetramminonitrate,  [Co(NH3)4(Cr04)2]N03AH20,  was  formed  as  a dark  reddish- 
brown  crystalline  mass,  soluble  in  water  ; if  an  excess  of  potassium  chromate  is 
used,  cobaltic  chromatotetramminochromate,  [Co(NH3)4(Cr04)2]Cr04.3H20,  is 
formed  as  a brown  crystalline  powder.  The  corresponding  dichromate  (q.v.) 
was  also  prepared.  By  treating  cobalt  diaquotetramminonitrate  with  a cone.  soln. 
of  potassium  chromate,  a greenish  precipitate  of  cobaltic  trichromatotetrammine, 
[Go(NH3)4(Cr04)2lCr04.5H20, 


Co 


(Cr04) 

(NH3), 


-CrO.- 


(C’r04) 

(NH3)4 


Coj.5H20 


was  obtained  ; and  by  treating  cobalt  trinitratotriammine  with  a soln.  of  potassium 
chromate,  cobaltic  hydroxychromatotriammine,  [Co(NH3)3(0H)(Cr04)2].2H20,  was 

formed — for  the  dichromate,  vide  infra. 

According  to  R.  Tupputi,33  a soln.  of  chromic  acid  dissolves  nickel  hydroxide 
or  carbonate  forming  a yellow  soln.  which  deposits  a powder  soluble  in  a large 
excess  of  the  acid.  The  soln.  deposits  a non-deliquescent  mass  of  red  crystals, 
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which,  according  to  J.  F.  John,  are  resolved  at  a red-heat  into  chromic  and  nickel 
oxides.  If  the  soln.  be  treated  with  nickel  carbonate,  or  with  alkali-lye,  R.  Tupputi 
observed  that  a reddish -yellow  insoluble  powder  of  a nickel  oxychromate  is 
deposited  ; and  H.  Stokes,  and  F.  J.  Malaguti  and  M.  Sarzeau  observed  that  a basic 
salt  is  deposited  when  a soln.  of  nickel  sulphate  is  mixed  with  potassium  chromate. 
C.  Freese  added  that  the  yellowish-brown  product  is  scarcely  attacked  by  cold 
potash-lye,  but  all  the  chromium  is  extracted  by  boiling  lye.  F.  J.  Malaguti  and 
M.  Sarzeau  represented  its  composition  by  4Ni0.Cr03.6H20 ; C.  Freese, 
by  3Ni0.Cr03.3H20  ; and  E.  A.  Schmidt  obtained  precipitates  ranging  from 
3Ni0.Cr03.6H20  to  2Ni0.Cr03.6H20  by  varying  the  cone,  of  the  soln.  employed. 
S.  H.  C.  Briggs  said  that  while  nickel  chromate  is  insoluble  in  water,  it  is  not 
precipitated  from  nickel  salt  soln.,  and  it  must  therefore  be  polymerized.  It  is 
formed  by  heating  nickel  carbonate  and  a soln.  of  chromic  acid  in  a sealed  tube 
at  260°.  The  black  crystals  of  nickel  chromate,  NiCr04,  are  washed  with  water, 
alcohol,  and  ether.  They  are  insoluble  in  hot  dil.  nitric  acid,  and  are  slowly  attacked 
by  cone,  nitric  acid  or  aqua  regia.  G.  L.  Clark  found  that  nickel  hexammino- 
chromate,  Ni(NH3)6Cr04,  has  a vap.  press,  of  760  mm.  at  408°. 

S.  H.  C.  Briggs  obtained  ammonium  nickel  chromate,  (NH4)2Cr04.NiCr04.6H20, 
by  adding  a soln.  of  ammonium  chromate  to  a soln.  of  a nickel  salt ; and  M.  Groger 
obtained  it  by  adding  32V-(NH4)2Cr04  to  half  its  vol.  of  A-NiCl2,  and  allowing 
the  mixture  to  stand  for  some  time.  The  green  crystals  can  be  recrystallized  from 
water  at  40°  without  change.  G.  L.  Clark  studied  the  relations  between  the  at.  vol. 
and  the  stability.  S.  H.  C.  Briggs  showed  that  when  treated  with  ammonia, 
ammonium  nickel  diamminochromate,  (NH4)2Cr04.NiCr04.2NH3,  is  formed. 
The  product  loses  water  and  ammonia  when  it  is  heated,  and  it  decomposes  suddenly 
between  200°  and  300°.  M.  Groger  obtained  the  basic  salt,  ammonium  nickel 
dihydroxyquaterchromate,  3(NH4)2Cr04.Ni(0H)2.NiCr04>  from  a mixture  of 
a cold,  sat.  soln.  of  ammonium  chromate  with  a fifth  of  its  vol.  of  32V-NiCl2. 
The  yellowish-brown  crystals  are  stable  in  air  ; they  are  decomposed  by  water 
with  the  separation  of  a basic  nickel  chromate  ; and  form  with  water  a yellowish- 
green  soln.  which  when  evaporated  at  a low  temp,  yield  ammonium  chromate, 
and  ammonium  nickel  chromate.  M.  Groger  mixed  3Ar-Na2Cr04  with  half  its  vol. 
of  Ar-NiCr04  and  obtained  a brown,  amorphous  precipitate,  probably  a basic  sodium 
nickel  chromate  ; and  by  mixing  3A-K2Cr04  with  half  its  vol.  of  iV-NiCr04,  a 
reddish-brown  precipitate  is  formed  which,  when  allowed  to  stand  under  its  mother- 
liquor,  becomes  crystalline  potassium  nickel  chromate,  K2Cr04.NiCrG4.2H20. 
This  dihydrate  is  stable  in  air,  and  loses  no  water  on  the  water-bath.  It  is  decom- 
posed by  water  with  the  separation  of  a basic  salt.  S.  H.  C.  Briggs  obtained  the 
hexahydrate  by  adding  8 grms.  of  potassium  chromate  in  14  c.c.  of  water  to  8 grms. 
of  nickel  acetate  in  27  c.c.  of  water  at  —6°.  The  yellowish-green  crystals  dissolve 
in  water  with  decomposition.  The  hexahydrate  forms  isomorphous  mixtures  with  the 
corresponding  sulphate.  S.  H.  C.  Briggs  also  prepared  rubidium  nickel  chromate, 
Rb2Cr04.NiCr04.6H20  ; and  caesium  nickel  chromate,  Cs2Cr04.NiCr04.6H20,  in 
an  analogous  way.  Both  salts  are  decomposed  by  water. 

The  normal  chromates  of  the  platinum  metals  have  not  been  prepared. 
According  to  T.  Thomson,34  a soln.  of  hydrochloroplatinic  acid,  when  treated  with 
potassium  chromate  furnishes  a dark  red  precipitate  containing  potassium  chloro- 
platinate.  P.  T.  Cleve,  and  G.  B.  Buckton  found  that  an  ammoniacal  soln.  of 
platinous  tetramminodichromate  furnishes  a yellow  powder  consisting  of  micro- 
scopic tablets  of  platinous  tetramminochromate,  [Pt(NH3)4]Cr04.  The  same  salt 
is  formed  by  precipitation  from  a soln.  of  platinous  chloride  by  potassium  chromate. 
P.  T.  Cleve  prepared  platinic  dinitratotetramminochromate,iPt(NH3)4(N03)2]Cr04, 
by  treating  the  corresponding  chloride  with  potassium  chromate  and  drying  the 
product  at  100°.  The  lemon-yellow  product  detonates  sharply  when  heated  ; 
it  is  insoluble  in  water.  He  also  prepared  platinic  dichlorotetrammino- 
chromate,  [Pt(NH3)4Cl2]Cr04,  in  an  analogous  manner  from  the  correspond- 
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ing  nitrate.  So  also  with  platinic  hydroxysulphatotetramminochromate, 

[Pt(NH3)4(0H)(S04)]Cr04.2H20 ; and  with  platinic  hydroxycMorotetrammino- 
chromate,  [Pt(NH3)4(0H)Cl]Cr04.  S.  G.  Hedin  prepared  platinic  sulphatotetra- 
pyridinochromate,  [Pt(C5H5N)4(S04)]Cr04.6H20 ; and  C.  Enebuske,  platinic 
chromatobisethylsulphide,  Pt{(C2H5)2S}2Cr04. 
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§ 16.  The  Dichromates 

H.  Moser,1  Y.  T.  Gerassimoff,  and  others  obtained  ammonium  dichromate, 
(NH4).2Cr207,  by  evaporating  a soln.  of  chromic  acid  half  sat.  with  ammonia. 
Y.  T.  Gerassimolf  said  that  double  decomposition  with  ammonium  chloride  and 
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sodium  dichromate  gives  an  impure  product.  S.  Darby,  J.  S.  Abel,  and  J.  S.  Abel 
and  H.  Richmond  showed  that  if  the  chromic  acid  is  contaminated  with 
sulphuric  acid,  that  salt  is  easily  freed  from  that  contamination  by  recrystallization. 

R.  Segalle  obtained  ammonium  dichromate  by  heating  an  ammoniacal  soln.  of  a mol 
of  potassium  dichromate  until  the  liquid  has  a garnet-red  colour ; and  then 
evaporating  for  crystallization.  F.  A.  H.  Schreinemakers’  observations  on  the 
equilibrium  conditions  are  summarized  in  Fig.  29.  Analyses  were  reported  by 

S.  Darby,  M.  Groger,  M.  Siewert,  J.  Schabus,  and  J.  S.  Abel  and  H.  Richmond. 

The  yellowish-red  crystals  were  found  by  C.  F.  Rammelsberg  to  be  monoclinic 

prisms  with  the  axial  ratios  a :b  : c— 1-0271  : 1 : 1-7665,  and  j8=93°  42'.  The  (101)- 
cleavage  is  clear,  and  the  (OlO)-cleavage  incomplete.  Observations  on  the  crystals 
were  also  made  by  H.  J.  Brooke,  J.  Schabus,  and  A.  J.  Weiss.  G.  N.  Wyrouboff 
noted  some  resemblances  between  the  crystals  and  those  of  triclinic  potassium 
dichromate ; but  the  two  salts  are  not  isomorphous.  B.  Gossner  and  F.  Mussgnug 
found  that,  the  X-radiograms  showed  that  the  monoclinic  crystals  have  a cell 
with  a= 7-78  A.,  5=7-54  A.,  and  c=13-27  A.,  with  )5=93°  42'.  Unit  cell  contains 
4 mols.  A.  Duffour  said  that  the  crystals  are  isomorphous  with  the  mono- 
clinic form  of  potassium  dichromate.  H.  Schiff  gave  2-367  for  the  sp.  gr. ; 
F.  W.  Clarke,  and  G.  N.  Wyrouboff,  2-150 ; and  E.  Moles  and  F.  Gonzalez,  2-16 
at  25°.  K.  F.  Slotte  found  the  sp.  gr.  of  soln.  of  ammonium  dichromate  with 
6-85,  13-0,  and  19-93  per  cent,  of  the  dichromate  to  be  respectively  1-0393,  at  12°, 
1-0782  at  10-5°  and  1-1258  at  12°  ; and  the  viscosities  (water  100)  to  be  respectively 
98-9,  99-1,  and  100-6  at  10°  ; 76-8,  78,  80-2,  at  20°  ; 62-5,  63-9  and  66-4  at  30° ; 
and  51-9,  53-3,  and  55-7  at  40°.  H.  Moser,  and  E.  Jager  and  G.  Kriiss  said  that  the 
salt  is  stable  in  air  ; and  J.  S.  Abel  and  H.  Richmond,  that  it  is  stable  at  100°. 
A.  Maus,  R.  Bottger,  E.  Moles  and  F.  Gonzalez,  and  A.  A.  Hayes  found  that  the 
salt  decomposes  at  a temp,  below  redness  leaving  a residue  of  chromic  oxide.  The 
reaction  is  attended  by  the  emission  of  light,  and  may  be  by  a feeble  detonation, 
especially,  as  shown  by  M.  Siewert,  if  it  be  quickly  heated  in  a test-tube.  The 
gaseous  products  of  the  reaction  were  found  by  J.  S.  Abel  and  H.  Richmond, 
and  A.  Levy  to  be  nitrogen  and  water,  but  S.  Darby  observed  that  some  ammonia 
gas  may  be  produced  ; and  M.  Siewert,  and  W.  M.  Hooton,  some  nitric  oxide  and 
oxygen.  0.  N.  Hinshelwood  and  E.  J.  Bowen  studied  the  rate  of  decomposition 
at  219°.  W.  C.  Ball  said  that  at  185°-205°  the  salt  darkens  in  colour,  and  decom- 
poses slowly  with  the  evolution  of  water,  nitrogen,  and  ammonia  ; and  after  six 
days’  heating,  there  remains  a black  residue  approximating  3Cr02.H20  ; and  if  the 
heating  be  interrupted  when  the  salt  is  half  decomposed,  an  insoluble  black  product, 
approximating  Cr203.2Cr03.2NH3.H20,  is  obtained.  W.  M.  Hooton  found  that 
if  ammonium  dichromate  be  heated  in  air,  below  the  inflammation  temp.  190°, 
the  end-product  has  the  composition  2Cr02-H20  ; arid  if  heated  in  the  absence 
of  oxygen,  H2Cr204 — vide  supra  for  E.  Maumene’s  observations  on  ammonium 
chromate.  E.  Moles  and  F.  Gonzalez  observed  that  tranquil  decomposition  occurs 
at  about  225°,  and  that  the  oxidation  of  the  “ ammonium  ” to  nitrogen  is  most  com- 
plete where  the  reaction  occurs  most  rapidly.  The  black  residue  thereby  obtained 
is  chiomium  peroxide.  Y.  T.  Gerassimoff  found  that  the  aq.  soln.  is  slightly 
decomposed  when  it  is  boiled. 

R.  Bottger  said  that  if  an  intimate  mixture  of  the  dichromate  with  -half  its 
weight  of  picric  acid  be  brought  in  contact  with  a glowing  splint,  it  decomposes  with 
sparking  forming  pale  green,  flocculent  chromic  oxide.  0.  N.  Hinshelwood  and 
E.  J.  Bowen  studied  the  rate  of  the  thermal  decomposition  of  ammonium  dichromate. 
With  the  explosive  decomposition  of  the  salt,  M.  Berthelot  found  that  7-8  Cals, 
are  developed ; and  he  gave  for  the  heat  of  formation : 2H2CrO4(800liq.) 

+2NH4OH(1600a(1.)=(NH4)2Cr2O7a(,.+ 24  Cals  at  12°  ; E.  Moles  and  F.  Gonzalez, 
23-275  Cals.,  and  F.  Morges,  26-988  Cals,  at  19-5°.  M.  Berthelot  gave  for  the  reaction 
(NH4)..Cr..07l„,  -f-2NH,OH.U|  — 2(NH4).,Cr04aq  +20-4  Cals. ; for  precipitated  chromic 
oxide,”  2Cr(OH)3-f-2N H40Haq.-t-30--(N  H4)2Cr204uq,-|-34-6  Cals,  at  12°;  and  47 
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Cals,  with  the  solid  dichromate ; (NH4)2Cr048oiid+Cr03Soijd=(NH4)2Cr207Soiid 
+11-300  Cals.  For  the  heat  of  decomposition,  (NH4)2Cr207==Cr203+N2+4H20 
+(78-000+Q)  cals.,  where  Q denotes  the  heat  of  transformation  of  chromic  oxide. 
For  the  reducing  action  of  ammonia  on  chromium  trioxide  : 2Cr03+2NH3=Cr203 
+3H2Oga3+N2+146-6  Cals. ; the  heat  of  soln.  of  a mol  of  the  salt  in  560  mols  of 
water  at  13°  is  -- 12-44  Cals. ; E.  Moles  and  F.  Gonzalez  gave  — 12-904  Cals.  ; 
P.  Sabatier  gave  —5-8  Cals,  for  the  heat  of  soln.  of  a mol  of  the  salt  in  200  mols  of 
water.  P.  Sabatier  measured  the  absorption  spectrum.  S.  Schlivitch  observed  a 
photovoltaic  effect  with  soln.  of  ammonium  dichromate  and  platinum  electrodes. 
H.  Moser  said  that  the  aq.  soln.  has  a saline  taste,  and  reddens  litmus.  The  salt 
is  less  soluble  than  ammonium  chromate.  E.  Moles  and  F.  Gonzalez  gave  for  the 
solubility  23-88  per  cent,  at  16°,  and  28-63  per  cent,  at  25°.  F.  A.  H.  Schreinemakers 
found  that  100  grins,  of  water  at  30°  dissolve  47-17  grms.  of  ammonium  dichromate. 
The  salt  in  aq.  soln.  is  less  hydrolyzed  than  the  monochromate,  and  Y.  T.  Gerassimoff 
found  that  the  solubilities  of  ammonium  dichromate,  S grms.  of  salt  per  100  grms. 
of  water,  working  on  cooling  and  heating  systems,  are  : 

0°  20°  40°  60°  80°  100° 

r.  J Cooling  . 18-40  36-0  58-7  86-0  — — 

" l Heating  . 18-13  35-3  58-4  86-0  115-0  155-6 


and  the  disturbance  is  probably  due  to  undercooling.  The  solubility  curves  for 
the  system  (NH4)2Cr207-(NH4Cl)2-H20  at  different  temp.,  are  summarized  in 
Fig.  65 — mols  of  salt  per  1000  mols  of  water  ; 
confer  Fig.  1,  1.  11,  1.  A.  Naumann  and 

A.  Rucker  calculated  that  in  a iV-soln.  at 
the  b.p.,  0-0108  per  cent,  is  hydrolyzed. 

B.  Reinitzer  said  that  the  salt  is  soluble  in 
absolute  alcohol.  W.  P.  Jorissen  discussed 
the  limits  of  the  reaction  of  ammonium  di- 
chromate  with  potassium  chloride  and  sul- 
phate. 

According  to  C.  F.  Rammelsberg,2  if 
chromic  acid  or  nitric  acid  be  added  to  a 
soln.  of  lithium  chromate'  the  liquid  fur- 
nishes deliquescent  crystals  of  lithium  di- 

chromate,  Li2Cr207.2H20.  The  conditions  of  Fl+  , 65 —The  Effect  1 of  Ammonium 
equilibrium  are  illustrated  by  Fig.  31.  The 
black  plates  have  curved  surfaces.  L.  Schu- 
lerud  found  that  the  water  of  crystallization  is  completely  lost  at  130°,  and  the 
salt  melts  at  a higher  temp,  with  the  evolution  of  oxygen.  The  salt  can  be  re- 
crystallized  from  water  without  decomposition ; and  F.  A.  H.  Schreinemakers 
observed  that  100  grms.  of  water  at  30°  dissolve  130-4  grms.  of  Li2Cr207. 
A.  Heydweiller  found  the  sp.  gr.,  and  eq.  conductivity,  at  18°,  to  be  : 


Chloride  on  the  Solubility  of  Am- 
monium Dichromate. 


Sp.  gr. 
A . 


0-2jV- 

1-01581 

73 


O'TtN- 

1-03928 

66-1 


■AT- 

I-0780 

58-7 


. 2N- 
1-1540 
47-7 


The  preparation  of  sodium  dichromate,  Na2Cr207.2H20,  is  effected  by  methods 
similar  to  those  employed  for  the  potassium  salt.  J.  d’Ans  and  J.  Loftier  3 observed 
it  amongst  the  products  of  the  action  of  sodiuni  hydroxide  on  chromic  oxide. 
M.  Siewert  said  that  it  is  not  produced  by  partially  saturating  sodium  chromate 
with  nitric  acid,  but  it  is  produced  by  dissolving  sodium  chromate  in  a slight  excess 
of  chromic  acid,  and  evaporating  the  liquid  over  sulphuric  acid  in  vacuo.  G.  Bessa 
discussed  the  manufacture  of  sodium  dichromate.  R.  Kissling  found  that  com- 
mercial samples  contained  83-79  to  92-84  per  cent.  Na2Cr202  ; and  with  seven 
different  samples,  23  days’  exposure  resulted  in  the  absorption  of  60  per  cent,  of 
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water  in  each  case.  B.  Neumann  and  C.  Exssner  discussed  the  conversion  of 
sodium  chromate  to  dichromate  in  aq.  soln.  by  carbon  dioxide  under  press. 


Nd2Crz07 


Fig.  66. — The  Effect  of  Sodium  Clilo- 
ride  on  the  Solubility  of  Sodium 
Dichromate. 


Fig.  67. — The  Effect  of  Ammonium 
Dichromate  on  the  Solubility  of 
Sodium  Dichromate. 


E.  Midler  and  E.  Sauer  found  that  in  the  conversion  of  soln.  of  sodium  chromate 
to  dichromate  and  hydroxide  by  electrolysis,  if  the  anolyte  is  a soln.  of  sodium 

chromate  and  the  catholyte  one  of  sodium 
hydroxide  the  yield  is  less  than  if  sodium 
chromate  is  used  in  both  compartments.  A.  Lot- 
termoser  and  K.  Falk  found  that  better  yields 
are  obtained  with  three  compartment  cells  with 
sodium  chromate  in  all  three  compartments 
rather  than  with  sodium  hydroxide  as  catholyte 
and  sodium  chromate  in  the  other  two  com- 
partments. This  is  because  in  the  former  case 
circumstances  are  least  favourable  for  the  mi- 
gration of  HO-ions  into  the  anode  compartment. 
I.  StsherbakofT  studied  the  electrolysis  of  soln. 
of  sodium  chromate  using  a mercury  cathode. 
T.  W.  Richards  and  G.  L.  Kelley  found  that 
sodium  dichromate  can  be  readily  purified  from 
potassium  salts  and  sulphates  by  recrystah 
lization  from  water  a number  of  times.  The 
conditions  of  equilibrium,  worked  out  by 
F.  A.  H.  Schreinemakers,  are  illustrated  by 
Fig.  34.  F.  Mylius  and  R.  Funk  gave  83°  for 
the  transition  temp,  from  the  dihydrate  to  the 
anhydrous  salt.  The  solubility,  S per  cent.,  of 
sodium  dichromate  in  water  is : 


(m\crzo} 


zNaCl 


Na2Crz07 


Fig.  68. — The  Quaternary  System 
(NH4)2Cr207-Na2Cr207-Na2Cl2- 
(NH4C1)2  at  0°. 


0° 

S . 62-0 


10°  20° 

630  64-3 


40°  60° 

68-8  73-9 


80°  83° 

79-4  80-7 


93°  98° 

81-20  81-24 


Solid  phase 


V 

Na2Cr207.2H20 


V 

Na3Cr207 


A.  Stanley  found  that  100  parts  of  water  dissolve  107-2  parts  of  Na2Cr207  at  0° ; 
109-2  parts  at  15°  ; 116-6  parts  at  30°  ; 142-8  parts  at  80°  ; 162-8  parts  at  100° ; 
and  209-7  parts  at  139°.  F.  A.  H.  Schreinemakers  found  that  at  30°  water  dis- 
solves 66-4  per  cent,  of  Na2Cr207.  Y.  I.  Gerassimofi  found  that  the  solubility 
curves  for  the  system  Na2Cr207-NaCl-H20,  at  different  temp.,  are  summarized  in 
Fig.  66- — mols  of  salt  per  100  mols  of  water — confer  Fig.  1,  1.  11,  1.  The  solubility 
curves  for  the  system  (NH4)2Cr207-Na2Cr207-H20,  at  different  temp.,  are 
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summarized  in  Fig.  67 — mols  of  salt  per  1000  mols  of  water — confer  Fig.  1, 
1.  11,  1.  The  equilibrium  diagrams  for  the  quaternary  systems  (NH4)2Cr207- 
Na2Cr207-Na2Cl2-(NH4Cl)2,  at  0°  and  75° 
are  indicated  in  Figs.  68  and  69. 

The  dihydrate  furnishes  hyacinth-red, 
thin,  six-sided,  prisms  which,  according  to 
M.  Siewert,  are  triclinic,  but,  according  to 
L.  Miinzing,  are  monoclinic.  G.  N.  Wyrou- 
boff  gave  for  the  axial  ratios  of  the  mono- 
clinic crystals  a : b : c=0-5698  : 1 : 1-824, 
and  /?=94°  55'  ; while  L.  Miinzing  gave 
0-5912  : 1 : 0-5698,  and  £=85°  5'.  The  optic 
axial  angle  2F=83°  54';  and  the  optical 
character  is  positive.  The  deliquescent 
crystals  were  found  by  A.  Stanley  to  have 
a sp.  gr.  2-5246  at  13°.  According  to 
A.  Stanley,  the  sp.  gr.  of  the  aq.  soln.  is  : 

Na,Cr207  . 1 5 10  20  30  40  50  per  cent. 

Sp.  gr.  . . 1-007  1-035  1-071  1-141  1-208  1-280  1-343 

while  H.  C.  Jones  and  H.  P.  Basset  gave  at  18°, 

Na2Cr2Ov  . 1-31  2-59  5-09  7-60  9-83  18-40  26-90  per  cent. 

Sp.gr.  . . 1-0096  1-0190  1-0377  1-0568  1-0756  1-1491  1-2285 

L.  J.  Simon  measured  the  viscosities  of  soln.  of  sodium  dichromate — vide  supra, 
potassium  chromate.  F.  Mylius  and  R.  Funk  observed  that  a soln.  sat.  at  18° 
contains  63-92  per  cent,  of  Na2Cr207,  and  has  a sp.  gr.  1-745  ; F.  Riidorff  found 
that  the  salt  does  not  decompose  when  in  aq.  soln.  I.  Traube  found  the  drop- 
weight  of  the  molten  anhydrous  salt  to  be  262-0  mgrms.  A.  Stanley  found  that  the 
dihydrate  becomes  anhydrous  above  303°  ; it  melts  at  320°,  and  decomposes  at  400° 
with  the  evolution  of  oxygen.  P.  L.  Robinson  and  co-workers  observed  no  tran- 
sition phenomenon  when  the  salt  is  cooled  between  300°  and  70°.  H.  C.  Jones 
and  H.  P.  Bassett  found  that  soln.  with  0-1,  0-2,  and  0-4  mols  per  litre  lower 
the  f.p.  of  water  respectively  0-490°,  0-946°,  and  1-872°.  A.  Stanley  said  that  the 
sat.  aq.  soln.  boils  at  139°.  J.  Thomsen  gave  for  the  heat  of  formation : 
2H2Cr04(800aq.)+2NaOH(400pq )— Na2Cr207aq -f  26-268  Cals,  at  18°  ; and 
F.  Morges,  2H2Cr04aq.-f  2NaOHaq.=Na2Cr2O7+26-076  Cals,  at  19-5°. 

H.  Dufet  found  the  indices  of  refraction  of  the  crystals  of  the  dihydrate  to  be 
a=l-7510,  jS=l-6994,  and  y==l-6610  for  the  ZMine.  P.  Walden  measured  the 
electrical  conductivity  of  aq.  soln.  at  25° ; while  H.  C.  Jones  and  co-workers  found 
for  the  molar  conductivity,  p mho,  and  for  the  percentage  ionization,  a,  calculated 
from  pjp x , with  a mol  of  the  salt  in  v litres  of  water  : 


V 

8 

16 

32 

128 

512 

I °°  • 

92-18 

96-57 

101-26 

106-8 

106-1 

15°  . 

. 136-5 

143-5 

148-4 

158-3 

158-3 

f*  j 25°  . 

— 

176-3 

182-7 

194-7 

194-4 

( 35°  . 

. — 

211-4 

219-5 

233-5 

234-6 

a J 0°  . 

87-5 

91-3 

95-7 

100-0 

100-0 

( 35°  . 

— 

89-9 

93-3 

100-0 

100-0 

H.  C.  Jones  calculated  from  the  sp.  gr.,  f.p.,  and  conductivity  data  that  soln.  with 
M mols  per  litre  have  H mols  of  water  in  combination  with  a mol  of  the  salt,  when 
M is  0-1,  0-2,  0-3,  and  0-4,  H is  respectively  20-5,  9-7,  6-5,  and  7-9.  A.  Poirot  found 
that  the  emission  of  anodic  rays  with  purified  sodium  dichromate  is  regular  and 
stable.  The  emission  starts  suddenly  below  the  m.p.  of  the  salt.  The  anode  is 
surrounded  by  a yellowish  glimmer.  There  is  an  intense  yellow  spot  on  the  cathode 
where  it  is  hit  by  the  anodic  rays.  The  spectra  of  the  anodic  and  cathodic  lights 


2NH4CL 


Fig.  69. — The  Quaternary  System  : 
(NH,),Cr207-Na2Cr207-Na2Cl2- 
(NH4C1)2  at  75°. 
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were  examined.  H.  Ollivier  studied  Verdet’s  constant,  and  the  paramagnetism 
of  the  salt.  E.  C.  Franklin  and  C.  A.  Kraus  said  that  the  salt  is  insoluble  in  liquid 
ammonia;  A.  Naumann,  that  it  is  insoluble  in  acetone;  and  B.  Reinitzer  that 
100  c.c.  of  a soln.  in  alcohol  contain  5-13  grm.s.  of  Na2Cr207.2H20.  The  alcoholic 
soln.  decomposes  rapidly.  V.  K.  la  Mer  and  C.  L.  Read  found  that  the  reaction 
between  sodium  hydroxide  and  diehromate  is  unimolecular  with  respect,  to  the 
dichromate  and  the  velocity  constant  is  529  per  min.,  and  the  heat  of  reaction 
15,320  cals,  per  mol  of  dichromate.  The  results  are  best  interpreted  as  involving 
the  reactions  : Cr207"-{-H2CM)2HCr04'  (slow),  with  Q - — 13,640  cals,  per  mol 
Cr.,0"7  ; HCr04'^H‘ -f-Cr04"  (rapid),  with  Q=780  cals,  per  mol  HCr()4' ; and 
H -f  OH' — H20  (rapid). 

The  manufacture  of  potassium  dichromate,  K2Cr207,  has  been  discussed  in 
connection  with  the  extraction  of  chromium  from  chromite,  etc.  F.  Tassaert 4 
obtained  it  by  mixing  soln.  of  chromic  acid  and  potassium  hydroxide  in  such 
proportions  that  the  soln.  reacts  neither  acidic  nor  alkaline,  and  evaporating  the 
liquid.  The  dichromate  first  separates  out,  and  the  mother-liquid,  then  reacting 
alkaline,  furnishes  the  monochromate.  It  is  also  obtained  from  acidified  soln.  of 
potassium  chromate.  E.  Gray,  and  V.  S.  Yatloff  also  described  its  preparation. 
The  conditions  of  equilibrium  have  been  studied  by  F.  A.  H.  Schreinemakers, 
F.  Flottmann,  and  I.  Koppel  and  E.  Blumenthal,  and  the  results  arc  summarized 
in  Figs.  36  to  41.  Y.  R.  Goldstein,  and  H.  Pincass  discussed  the  transformation 
from  chromate  to  dichromate  by  carbon  dioxide  ; and  I.  ObreimofT  and  W.  J.  de 
Haas,  the  colour  changes  at  low  temp.  The  bright-red,  rectangular,  four-sided 
tabular  or  prismatic  crystals  are  triclinic  pinacoids  which,  according  to  J.  Schabus, 
have  the  axial  ratios  a : b : c= 0-5575  : 1 : 0-5511,  and  a=82°  O',  jS= 90°  51',  and 
y= 83°  47'.  The  (OlO)-cleavage  is  perfect ; and  the  (100)-  and  the  (OOl)-cleavages 
are  distinct.  G.  N.  Wvrouboff  also  made  some  crystallographic  observations. 
B.  Gossner  and  F.  Mussgnug  showed  that  the  X-radiograms  of  the  triclinic  salt 
correspond  with  a unit  cell  having  4 mols.,  and  o=7-50A.,  6=7-38  A.,  and 
c=13-40  A.,  whilst  a=82°  O',  )3=96°  13',  andy=90°  51'.  H.  Dufet  observed  that 
the  optical  character  is  positive  ; and  that  the  optic  axial  angles  2F=98°  58' 
and  2F=51°  53'  for  the  D-line  ; and  2F=52°  24'  for  the  Li-line.  A.  Beer 
observed  that  the  crystals  are  pleochroic.  H.  Baumhauer  studied  the  corrosion 
figures.  A.  Schubnikoff  showed  that  a crystal,  suspended  in  a slighly  super- 
saturated soln.  rotating  on  a horizontal  axis,  grows  so  that  the  (OOl)-face  is  bright 
and  smooth,  while  the  (OOl)-face  is  dull  and  rough,  while  the  other  parallel  faces 
are  not  the  same  size  or  are  absent.  This  is  taken  to  show  that  the  crystals  of  the 
dichromate  belong  to  the  asymmetric  class  of  the  triclinic  system.  A.  Hettich  and 
A.  Schlecde  made  observations  on  the  crystals.  E.  Pietsch  and  co-workers  found 
that  the  attack  on  the  crystals  by  sulphuric  acid  begins  at  the  corners  and  edges. 
1).  N.  Artemeeff,  R.  Marc,  M.  le  Blanc  and  W.  Schmandt,  H.  Jeannel,  M.  Kimura, 
and  0.  Tomlinson  studied  the  growth  of  crystals  in  supersaturated  soln.  The 
rate  of  growth  of  the  crystals  is  not  solely  a diffusion  phenomenon  as  is  the  case 
with  the  speed  of  dissolution — vide  ivfru.  H.  A.  Miers  said  : 

If  a drop  of  strong  soln.  of  potassium  dieliromate,  placed  upon  a microscope-slide,  bo 
observed  under  the  microscope  as  it  crystallizes,  and  if  the  drop  be  sullieiently  thin,  it  will 
generally  be  found  that  the  following  events  take  place:  The  first  crystals  make  their 
appearance  at  the  edges  of  the  drop  and  after  growing  rapidly  for  a short  period  as  branching 
fibres,  they  begin  to  grow  quietly  in  the  form  of  plates  or  flattened  rods  presenting  the 
characteristic  form  of  the  crystals  of  this  substance.  These  crystals  continue  to  grow 
uniformly,  but  after  a short  period,  at  a distance  from  the  growing  crystals,  and  at  some 
spot  when;  the  drop  is  thin,  a fresh  crystalline  growth  starts  suddenly  from  a point,  and 
extends  with  great  rapidity  in  all  directions  in  the  form  again  of  branching  needles  and 
iibres.  After  a short  period  this  rapid  growth  ceases  and  each  of  the  fibres  swells  out  at 
t he  cm!  into  a well-defined  crystal  and  continues  to  grow  slowly  and  uniformly  as  a single, 
regular  plate.  The  process  may  be  repeated  by  the  sudden  development  of  ft  new  spon- 
taneous growl  h in  another  portion  of  the  drop,  and  the  same  succession  of  events  may  bo 
repeated  again  and  again.  .Sometimes  these  successive  growths  constitute  a series  of 
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rings  approximately  parallel  to  the  edges  of  the  drop  which  follow  one  another  till  tho 
centre  of  the  drop  is  reached. 

An  illustration  of  a drop  of  the  dichromate  in  the  act  of  crystallization  is  shown 
1.  11,  3,  Fig.  11.  The  phenomenon  connected  with  crystallizations  in  labile  and 
mctastable  soln. — 1.  9,  6,  Fig.  14 — gave  a possible  explanation  for  the  periodic 
crystallization  of  soln.  of  potassium  dichromate.  E.  Pietsch  and  co-workers 
studied  the  attack  at  the  corners  and  edges  of  the  crystals  by  cone,  sulphuric  acid, 
and  by  an  ethereal  soln.  of  hydrogen  dioxide.  W.  von  Behren  and  J.  Traube 
studied  the  phenomenon  attending  the  dissolution  and  crystallization  of  the  salt. 
E.  S.  Hedges  obtained  spiral  forms  of  rhythmic  crystallization  ; and  E.  N.  Gapon 
studied  the  rate  of  crystallization. 

Crystals  appear  at  the  edge  of  the  drop  where,  owing  to  evaporation  or  cooling,  the  soln. 
is  sufficiently  strong  to  be  in  the  labile  condition,  and  proceed  as  rapidly  growing  fibres  ; 
but  so  soon  as  these  have  by  their  growth  reduced  the  strength  of  the  soln.  in  their  neigh- 
bourhood to  the  metastable  state  they  continue  to  grow  quietly  and  uniformly  ; presently, 
however,  at  some  point  sufficiently  distant  from  the  growing  crystals  to  be  also  in  the 
labile  state,  crystallization  starts  afresh,  either  spontaneously  or  perhaps  through  inocu- 
lation by  a crystalline  speck  falling  into  the  drop  from  the  air.  This  again  proceeds  as  the 
rapid,  fibrous  growth,  characteristic  of  the  labile  condition,  until  again  the  liquid  passes 
into  the  metastablo  state  and  the  growth  is  slow. 

Soln.  with  17-266  (28-5°),  20-00  (32-2°)  and  29-09  (43-5°)  grms.  of  salt  in  100 
parts  of  water,  and  sat.  at  the  temp,  named,  were  labile  respectively  at  18-5°,  22°, 
and  34°.  M.  Volmer  and  A.  Weber  discussed  the  formation  of  nuclei  in  undercooled 
soln.  0.  Decharne  observed  the  crystallization  of  the  dichromate  from  a soln. 
mixed  with  gum,  when  under  the  influence  of  a strong  magnetic  field.  G.  Briigel- 
mann  said  that  potassium  dichromate  forms  isomorphous  mixtures  with 
pentahydrated  cupric  sulphate,  but  J.  C.  G.  de  Marignac  did  not  agree. 
S.  F.  Schemtschuschny  studied  the  formation  of  isomorphous  mixtures  with 
potassium  chloride  ; and  C.  F.  Rammelsberg,  P.  Groth,  L.  Stibing,  A.  Sella,  A.  Fock, 
H.  le  Chatelier,  and  C.  von  Hauer,  solid  soln.  with  potassium  pyrosulphate. 
C.  von  Hauer  observed  that  the  crystals  of  the  dichromate  take  up  potassium 
sulphate  when  that  salt  is  present  in  the  liquid  during  the  crystallization. 

Triclinic  potassium  dichromate  may  be  called  the  a-form  ; there  is  also  a mono- 
clinic /3-form.  E.  Mitscherlich  observed  that  when  the  molten  dichromate  is  slowly 
cooled,  crystals  are  formed  which  afterwards  decrepitate  ; 0.  Lehmann  showed 
that  the  change  is  reversible  ; G.  Tammann  found  that  there  is  a large  change  in 
vol.  at  240°,  accompanied  by  an  imperceptible  thermal  change;  G.  Tammann 
and  Q.  A.  Mansuri  measured  the  rate  of  crystallization  of  the  powdered  salt  and 
found  that  it  commences  at  160°  with  particles  over  1 mm.  diam.,  at  166°  with 
particles  between  1-0  and  0-3  mm.,  .and  at  158-5°-163°  with  particles  smaller  than 
0-3  mm.,  and  G.  N.  Wyrouboff  concluded  that  potassium  dichromate  exists  in  three 
forms  : (i)  a monoclinic  form  stable  near  the  m.p.  ; (ii)  a triclinic  form  stable  at  the 
ordinary  temp.  ; and  (iii)  a second  triclinic  form  stable  in  a narrow  range  of  temp, 
between  the  other  two  forms.  S.  F.  Schemtschuschny  added  that  the  transition 
temp.,  a-K2Cr207=j8-K2Cr207,  is  236°  ; and  P.  L.  Robinson  and  co-workers  gave 
236-8°.  P.  L.  Robinson  and  co-workers  added  that  the  salt  separates  from  the 
fused  state  in  a compact  mass  of  dark  brownish-red,  tabular  crystals  with  marked 
reduction  in  volume.  On  further  cooling,  the  crystals  change  to  a loose,  orangc- 
i red  powder.  The  existence  of  G.  N.  Wyrouboff’s  second  triclinic  form  has  not 
| been  confirmed,  so  that  the  crystals  which  first  separate  from  the  cooling  liquid  are 
doubly  refracting — probably  monoclinic,  and  at  about  236°  these  crystals  pass  into 
(he  ordinary  triclinic  form.  0.  Hauser  and  H.  Herzfeld  observed  that  when  hot, 
cone.  soln.  of  potassium  dichromate  and  hot  potassium  thiocyanate  arc  mixed,  the 
dichromate  crystallizes  on  cooling  in  yellowish-brown,  doubly-refracting,  mono- 
clinic plates.  The  sp.  gr.  of  this  form  is  2-10,  whereas  that,  of  t he  ordinary  triclinic 
| variety  is  2-67.  The  monoclinic  dichromate  is  unstable,  and  is  transformed  into 
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the  triclinic  salt  when  kept  in  contact  with  its  sat.  soln.,  or  in  moist  air.  It  seems 
probable  that  this  form  of  the  potassium  salt  is  isomorphous  with  monoclinic 
ammonium  dichromate.  A.  Duffour  also  observed  that  if  a considerable  excess  of 
aluminium  sulphate  is  added  to  a soln . of  potassium  monochromate,  some  aluminium 
hydroxide  is  precipitated,  and  when  the  soln.  is  concentrated  by  heat,  potassium 
dichromate  separates  out  in  monoclinic  and  triclinic  crystals.  The  monoclinic 
crystals  are  isomorphous  with  those  of  rubidium  and  ammonium  dichromates. 
P.  L.  Stedehouder  and  P.  Terpstra  found  for  the  monoclinic  form  a :b : c 
—1-0123  : 1 : 1-7675,  and  )3=88°  4-5' ; and  the  optic  axial  angle  of  the  pleochroic 
crystals  2F=66°  14'.  The  X-radiograms  gave  a— 7-42  A.,  6=7-35  A.,  c=12-97  A., 
and  /?=91°  55°,  with  4 mols.  per  unit  cell  which  is  face-centred  on  the  (lOO)-side. 
According  to  A.  Duffour,  the  axial  ratios  for  the  three  forms  are  a : 6 : c 
=1-0167  : 1 : 1-7716,  and  £=91°  55'  for  K2Cr207 ; 1-0202:1:1-8081,  and 
0=98°  28-5'  for  Rb2Cr207  ; and  1-0271  : 1 : 1-7663,  and£=93°  42'  for  (NH4)2Cr207. 
Although  the  monoclinic  crystals  of  the  dichromate  are  the  unstable  form,  they 
exhibit  false  equilibrium,  and  can  be  kept  in  contact  with  triclinic  crystals  in  the 
cold  without  any  appreciable  change.  They  dissolve  in  a soln.  saturated  with 
respect  to  triclinic  crystals  at  12-5°,  whereas  triclinic  crystals  are  unaffected  under 
the  same  conditions.  On  heating,  the  monoclinic  crystals  decrepitate,  and  then 
behave  like  the  triclinic  crystals.  The  following  description  of  potassium 
dichromate  refers  to  the  stable,  triclinic  forms  unless  stated  otherwise.  A.  Duffour, 
and  A.  F.  Hallimond  discussed  the  isodimorphism  of  potassium  and  ammonium 
dichromates  ; H.  E.  Buckley,  the  effect  of  dichromates  on  the  crystallization  of 
sodium  chlorate. 

C.  J.  B.  Karsten  gave  2-603  for  the  sp.  gr.  of  potassium  dichromate  ; J.  Schabus, 
2-689 ; L.  Playfair  and  J.  P.  Joule,  2-692  at  3-9° ; and  H.  Schiff,  2-721. 
H.  G.  F.  Schroder  gave  2-702  for  that  which  had  been  melted,  2-751  for  that  which 
had  been  melted  and  disintegrated,  and  2-702  for  the  powdered  salt.  P.  Kremers, 
and  G.  T.  Gerlach  gave  for  the  sp.  gr.  of  soln.  at  19-5°/19-5° : 

K2Cr207  .1  3 5 7 9 11  13  15  per  cent. 

Sp.  gr.  . 1-867  1 022  1 037  1-050  1-065  1-080  1-097  1-110 

F.  Flottmann  gave  for  the  sp.  gr.  at  15°,  20°,  and  25°,  respectively,  1-0635,  1-0768, 

and  1-0916.  For  A.  Heydweiller’s  observations,  vide  infra.  J.  A.  Ewing  and 

J.  G.  MacGregor  gave  for  soln.  with  0-99,  2-44,  4-76,  and  7-69  per  cent.  K2Cr207 
the  respective  values  1-0069,  1-0172,  1-0345,  and  1-0561  at  10°/4°  ; and  F.  Fouque 
gave  for  soln.  with  5-9  grms.  of  K2Cr207  per  1000  grms.  of  water  1-0045  at  0°/4° ; 
1-0037  at  16-4°/4°  ; 1-9812  at  75-5°/4°  ; and  1-9651  at  99°/4°.;  for  soln.  with  37-3 
grms.  of  salt  per  1000  grms.  of  water,  1-0257  at  0°  ; 1-0234  at  19-6°  ; 1-0030  at 
69-6°  ; and  0-9843  at  99°  ; and  for  soln.  with  89-2  grms.  of  salt  per  1000  grms.  of 
water,  1-0635  at  16°  ; 1-0349  at  79°  ; and  1-0221  at  99-5°.  Observations  on  the 
sp.  gr.  were  also  made  by  E.  F.  Anthon,  R.  L.  Datta  and  N.  R.  Dhar.  R.  Lorenz 
and  W.  Herz  studied  the  critical  density  of  this  and  related  salts.  J.  N.  Rakshit 
studied  the  contraction  which  occurs  when  potassium  dichromate  is  dissolved  in 
water,  and  in  ethyl  alcohol.  K.  F.  Slotte  found  the  sp.  gr.  of  soln.  of  potassium 
dichromate  with  4-71  and  6-97  per  cent.  K2Cr207  to  be  respectively  1-0325  at  11°, 
and  1-0493  at  10-6°;  and  the  viscosities  (water  100)  respectively  98-9,  and  98-6 
at  10°  ; 76-2  and  76-9  at  20°  ; 61-7  and  62  at  30°  ; and  51-1  and  51-4  at  40°. 
A.  Kanitz  gave  for  2 N-,  4 N-,  and  82V-soln.  the  respective  viscosities  1-0061,  1-0034, 
and  0-9999  (water  unity)  at  25°.  L.  J.  Simon  measured  the  viscosity  of  soln.  of 
the  salt — vide  supra,  potassium  chromate.  I.  Traube  gave  235-9  mgrms.  for  the 
drop-weight  of  the  molten  salt.  R.  Lorenz  and  W.  Herz  gave  123-6  for  the  surface 
tension  at  the  b.p.,  and  140-6  at  the  m.p.  R.  Lorenz  and  H.  T.  Kalmu3  gave  for 
the  viscosity  r)  in  C.G.S.  units  : 

397°  417°  437°  457°  477°  497°  507° 

■n  . 0-1339  0-1187  0-1059  0-0938  0-0823  0-0715  0-0664 
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F.  Riidorff  found  that  the  salt  in  aq.  soln.  diffuses  through  a membrane  without 
dissociation.  According  to  T.  Sabalitschka  and  G.  Kubisch,  when  soln.  of  potassium 
dichromate  are  dialyzed,  the  ratio  K : Cr  outside  the  dialyzer  is  not  constant  but 
is  greater  than  1.  Chromic  acid  dialyzed  more  quickly  than  potassium  chromate. 
Hence,  it  was  inferred  that  potassium  dichromate  is  partly  decomposed  into  normal 
chromate  and  trichromate  in  dil.  aq.  soln. : 2K2Cr2O7^K2CrO4+K2Cr3Ol0. 
L.  Playfair  and  J.  P.  Joule  found  the  coeff.  of 
thermal  expansion — cubical — of  the  salt  to  be  0-0122 
between  0°  and  100°.  F.  E.  Neumann  gave  0-1857 
for  the  sp.  ht.  ; while  H.  Kopp  gave  0-186  between 
21°  and  52°  ; H.  V.  Regnault,  0-186  between  16° 
and  98°  ; and  P.  Nordmeyer  and  A.  L.  Bernoulli, 

0-1386  between  — 186°  and  20°.  T.  Thomson  ob- 
served that  the  dichromate  decrepitates  when  heated, 
and  melts  at  a temp,  much  below  redness,  forming 
a transparent,  red  liquid,  which  on  cooling  solidifies 
to  a red  fibrous  mass,  which  falls  to  pieces  spon- 
taneously— vide  supra.  C.  Schubert,  and  W.  Hempel 
and  C.  Schubert,  observed  that  the  evolution  of 
gas  sets  in  at  500°,  and  has  not  ceased  as  the  temp, 
is  raised  to  1500° ; the  reaction  is  represented 
4K2Cr207=302-f2(Cr203.2K2Cr04).  A.  Eucken 
and  G.  Kuhn  gave  0-00395  to  0-00417  for  the  sp.  ht.  of  large  crystals  at  —190° ; and 
at  0°,  0-00428  to  0-00429.  S.  F.  Schemtschuschny  found  that  the  stable  form  at  the 
higher  temp,  has  the  m.p.  395°  ; E.  Groschuff  gave  396°  ; H.  S.  Roberts,  397-5°  ; 
and  P.  L.  Robinson  and  co-workers  gave  398-4°  ±0-5°.  S.  F.  Schemtschuschny  found 
that  the  m.p.  diagram  of  mixtures  of  potassium  chloride  and  dichromate  has  two 
branches  meeting  at  the  eutectic  366°  and  27-5°  molar  per  cent,  of  the  chloride — 
Fig.  71.  Solid  soln.  are  formed  only  on  the  dichromate  side  of  the  curve,  these 
contain  about  25  molar  per  cent,  of  chloride.  Sections  viewed  under  the  micro- 
scope have  the  uniform  structure  of  solid  soln.  only  when  taken  from  the  dichromate 
side  of  the  eutectic,  those  on  the  chloride  side  show  crystals  of  chloride  embedded 
in  the  groundwork  of  the  eutectic  mixture.  J.  B.  Robertson  studied  the  equilibrium 
diagram  for  the  system  Na2Cr207+2KCl^K2Cr207-|-2NaCl  at  25°,  50°,  and  100°  ; 
the  results  are  plotted  in  Fig.  70.  Potassium  dichromate  and  sodium  chloride  are 
the  compatible  salt  pair  at  all  temp. ; as  the  temp,  increases  the  areas  on  the 


Fig.  70. — Reciprocal  Salt  Pair  : 
K,Cr,0,+2NaCl=2KCl 
+Na2Cr207. 


Fig.  71. — Freezing-point  Curve  of  Mix- 
tures of  K2Cr207-KCl. 


Fig.  72. — Freezing-point  Curve  of  Mixtures 
of  KCr04-CrOs,  or  of  K2Cr207-K2Cr04. 


diagram  representing  potassium  and  sodium  chlorides  increase  considerably  at  the 
expense  of  the  area  representing  potassium  dichromate.  The  sodium  dichromate 
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area  is  always  very  small.  E.  GroschufE  found  that  the  f.p.  curve  of  mixtures  of 
potassium  chromate  and  dichromate  falls  regularly  from  the  m.p.  of  the  chromate 
at  971°  to  the  eutectic  at  393°  and  99  per  cent,  of  dichromate,  and  it  then  rises  to 
396°  the  m.p.  of  the  dichromate.  At  the  transition  temp.,  a-K2Cr04^3-K2Cr04, 
666°,  the  mixture  contains  about  75-5  per  cent,  of  dichromate — Fig.  72. 
E.  GroschufE’s  attempts  to  obtain  the  f.p.  curve  of  mixtures  of  potassium  chromate 
with  over  50  molar  per  cent,  of  chromic  acid  were  not  successful  owing  to  the 
decomposition  of  the  chromic  acid — Fig.  72.  Potassium  dichromate  suffers  con- 
siderable decomposition  when  heated  to  the  m.p.  of  the  monochromate. 
P.  Grouvelle  observed  that  at  a high  temp,  potassium  dichromate  decomposes  into 
potassium  chromate,  chromic  oxide,  and  oxygen. 

M.  Amadori  studied  the  m.p.  of  mixtures  of  potassium  dichromate  with 
the  dimolybdate  and  the  ditungstate.  The  f.p.  of  0-5M-  and  0-lM-K2Cr207 
is  found  by  R.  Abegg  and  A.  T.  Cox  to  be  respectively  — 0-27°  and  — 0-49°  ; 
I.  Koppel  and  E.  Blumenthal  gave  — 0-63°  for  the  f.p.  of  a sat.  soln.  having 
4-5  grms.  of  salt  per  100  grms.  of  water.  This  is  the  cryohydric  or  eutectic  temp, 
for  which  F.  Guthrie  gave  —0-7°  with  0-18M-soln.,  and  C.  M.  Guldberg,  —0-8° 
with  0-15Ai-soln.  M.  S.  Sherrill  found  the  lowering  of  the  f.p.  of  very  dil.  soln., 
and  calculated  the  ionization  factor  i — 1.  10,  15 — to  be  : 


K,Cr,07  0-0005M-  0-001M-  0-00510M-  0-1234M- 

F.p.  " . -0-00302°  -0-00706°  -0-0350°  -0-070° 

i . 3-9  3-8  3-70  3-07 


K2Cr,0,  . 0-03004AG  0-05340M- 

F.p.  " . . -0-158°  0-203° 

i . . 2-84  2-66 


0-02053M- 

—0-113° 

2-98 


The  first,  two  sets  of  determinations  quoted  are  by  T.  G.  Bedford.  The  fact  that 
the  factor  i in  dil.  soln.  approaches  to  4 means  that  not  only  is  the  molecule  K2Cr207 
ionized  into  three  ions  K2Cr207^2K'+Cr207",  but  that  the  acid  residue  is  also 
hydrolyzed  : Cr207"+H26^2HCr04'.  H.  G.  Leopold  and  J.  Johnston  found  the 
mol.  lowering  of  the  vap.  press,  of  soln.  containing  0-4,  0-6,  arid  l-0ilf-K2Cr2O7  to 
be  respectively  0-0498,  0-0472,  and  0-0419.  P.  Kremers  gave  104°  for  the  b.p. 
of  a sat.  soln.  ; M.  Alluard  gave  103-4°  at  718  mm.  press.  .;  and  I.  Koppel  and 
E.  Blumenthal,  104-8°  for  a soln.  with  108  grms.  of  salt  per  100  grms.  of  water. 
A.  Speransky  found  that  the  vap.  press.,  p mm.,  of  sat.  soln.  of  the  dichromate 
between  30-06°  and  54-75°  can  be  represented  by  p=K{(6 — 77-4O7)/0}50,  where 
log  Ar=7-89408.  R.  Lorenz  and  W.  Herz  studied  some  relations  between  the  b.p. 
and  the  critical  temp.  W.  Herz  gave  29-8  Cals,  for  the  heat  of  fusion  per  gram. 
J.  G.  F.  Druce  discussed  the  creeping  of  the  salt  during  evaporation.  M.  Berthelot 
gave  for  the  heat  of  formation,  (2H2Cr04aq.,2K0Haq  )=27-2  Cals,  at  8°  ; 26-8  Cals, 
at  12°;  26-4  Cals,  at  18°;  P.  Sabatier  gave  27-0  Cals,  at  17°;  and  F.  Morges, 
24-982  Cals,  at  19-5°.  M.  Berthelot  also  gave  (2Cr03aq  ,2KOHaq  )=43-8  Cals,  at 
12°;  and  (2Cr03soijd,2K0HaOIUi)  = 106-8  Cals,  at  12°;'  (2Cr(0H)3,2K0Haq.,30) 
=K2Cr207aq .+37-8  Cals,  at  8°,  and  with  K2Cr207so|j,i,  54-8  Cals,  at  8°  ; and  with 
KOHjoiid  and  K2Cr207soii(i,  113-0  Cals,  at  8°  ; (K2Cr04soii(i,Cr03soiM)  = i5-0  Cals., 
and  K2Cr207(12  litres  of  water) +4KOH(8  litres  of  water) =2K2Cr04aq.+23*6 
Cals,  at  12°;  while  P.  Sabatier  gave  23-0  Cals,  at  17°.  H.  Rose  said  that  the 
dicliromate  dissolves  in  water  with  a feeble  absorption  of  heat.  For  the  heat  of 
soln.,  T.  Graham  gave  — 17-08  Cals.  ; F.  Morges  gave  for  a mol  of  the  salt  in  825 
mols  of  water  — 17-169  Cals,  at  19-5°  ; J.  Thomsen,  with  400  mols.  of  water,  —16-7 
Cals,  at  18°  ; and  with  653-5  mols  of  water,  M.  Berthelot  gave  —17-02  Cals,  at  1 1-6°, 
or  —17-02-6(0 — 15)  Cals,  at  0°.  E.  von  Stackelberg  gave  for  a mol  of  K2Cr207  at 
17-5°  with  n mols  of  water  : 


n . .oo  1000  500 

Heat  of  solution  18,400  17,440  10,885 

Heat  of  dilution  900 


250  107 

10,335  10,000  cals. 

335 


555 


550 
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H.  Dufet  gave  for  the  indices  of  refraction  of  the  triclinic  crystals  a=l-7202, 
(8=1-7380,  and  A=l-8197  for  the  Na-line  ; and  /8=l-7209  for  the  Li-line ; and 
P.  L.  Stedehouder  and  P.  Terpstra  gave  for  the  pleochroic  monoclinic  crystals 
a=l-715,  /3=l-762,  andy=l-892.  F.  Fouque  found  for  the  refractive  indices,  /a, 
with  the  D-line  with  soln.  of  5-9  grms.  of  K2Cr207  in  1000  grms.  of  water  : 


90° 

1-3357 


17-8° 

1-3350 


50-0° 

1-3305 


60-0° 

1-3289 


700° 

1-3269 


with  soln.  of  37-3  grms.  K2Cr207  per  1000  grms.  of  water  : 


6-8° 

1-3413 


16-0° 

1-3405 


500° 

1-3340 


600° 

1-3340 


70-0° 

1-3322 


and  with  soln.  of  89-2  grms.  of  K2Cr207  per  1000  grms.  of  water  : 


16-8° 

1-3508 


400° 

1-3476 


50-0° 

1-3459 


600° 

1-3441 


700° 

1-3420 


80-0° 

93-2° 

1-3259 

1-3216 

soo" 

92-5° 

1-3300 

1-3270 

r : 

80  0° 

95-4° 

1-3397 

1-3360 

F.  Flottmann  gave  for  soln.  sat.  at  15°,  20°,  and  25°  the  values  1-35028,  1-35345, 
and  1-35685  for  the  D-line.  J.  Wagner,  E.  Viterbi  and  G.  Krauz,  A.  Lallemand, 

E.  Forster,  K.  Vierordt,  P.  Bary,  B.  K.  Mukerji  and  co-workers,  and  R.  L.  Datta 
and  N.  R.  Dhar  made  observations  on  this  subject ; and  M.  G.  Mellon  studied 
the  colour  of  the  soln.  J.  H.  Gladstone  gave  for  the  equivalent  refraction  with 
the  /a-formula,  79-9.  The  extinction  coefE.  of  003399M-K2Cr2O7  for  light  of  wave- 
lengths A=508-6p./a,  520-9/u/ Lt,  536 nn,  and  546-lp/u  are  respectively  2-12,  0-976,  0-246, 
and  0-117.  L.  R.  Ingersoll  found  Yerdet’s  constant  for  the  electromagnetic  rotatary 
power  for  light  of  wave-length  0-6,  0-8,  1-0,  and  1-25/a  to  be  0-0108,  0-0064,  0-0042, 
and  0-0025  respectively  for  soln.  of  sp.  gr.  1-085.  The  absorption  spectrum  was 
studied  by  P.  Sabatier-,  A.  fitard,  0.  Knoblauch,  F.  Griinbaum,  K.  S.  Gibson, 
H.  C.  Jones  and  W.  W.  Strong,  T.  Aden,  N.  R.  Tawde  and  G.  R.  Paranjpe,  G.  Jander, 
J.  Formanek,  W.  Bohlendorff,  H.  Bremer,  F.  Melde,  G.  Rossler,  J.  Muller, 
J.  M.  Hiebendaal,  H.  Settegast,  and  C.  P.  Smyth.  I.  PlotnikofE  and  M.  Karsulin 
observed  that  the  absorption  of  light  by  potassium  dichromate  begins  at  595/x/x, 
and  extends  towards  the  ultra-violet.  The  photochemical  absorption  begins  at 
595 pyx  in  the  yellow,  reaches  a maximum  at  500pp.  in  the  green,  and  then  decreases 
to  about  240pp.  According  to  C.  Schaefer  and  M.  Schubert,  the  ultra-red  reflection 
spectrum  of  potassium  dichromate  has  three  maxima,  one  at  18-l2p,  and  complex 
ones  at  12-14p  to  13-22p,  and  at  10-44p  to  11-lp.  A.  E.  Lindh,  D.  Coster,  and 
0.  Stelling  studied  the  X-ray  spectra.  H.  von  Halban  and  K.  Siedentopf,  and 
J.  B.  Ferguson  discussed  the  potassium  dichromate  and  molybdenum  nitrate  light 
filter.  H.  M.  Vernon  estimated  the  degree  of  ionization  of  aq.  soln.  of  the  salt  from 
the  colour.  I.  PlotnikofE,  and  M.  Schwarz  studied  the  photochemical  oxidation  of 
organic  compounds  by  dichromates  and  chromates — vide  supra,  chromium  trioxide. 
A.  Reychler  observed  that  in  darkness  there  is  no  perceptible  action  between  potas- 
sium iodide,  and  dichromate,  and  eosin  in  aq.  soln.,  but  in  light  iodine  is  liberated. 
A.  Kailan  found  that  an  aq.  soln.  of  potassium  dichromate  is  reduced  at  the  rate 
of  3xlOn  mol  per  second  by  exposure  to  radium  rays.  R.  Hunt  thought  that 
actinized  soln.  of  potassium  dichromate  produce  precipitates  of  chromates  of 

i a different  colour  from  those  obtained  from  soln.  made  and  kept  in  the  dark. 

F.  Bush  showed  that  the  difference  is  due  to  the  difference  in  the  rate  of  mixing  the 
soln.,  and  not  an  effect  of  actinization — vide  supra,  silver  chromate.  T.  Svensson 

i studied  the  change  in  the  conductivity,  and  potential  of  soln.  of  potassium 
dichromate  in  sulphuric  acid  when  exposed  to  light.  W.  Herz  gave  2-42  Xl012 
for  the  vibration  frequency.  A.  Kailan  found  that  the  salt  is  decomposed  by 

1 exposure  to  radium  radiations.  E.  Montignie  observed  that  potassium  dichromate, 
after  exposure  to  ultra-violet  light,  affects  a photographic  plate. 

J.  A.  Fleming  and  J.  Dewar  found  that  the  dielectric  constant  of  water  with 

1 some  potassium  dichromate  in  soln.  is  not  much  affected,  and  similarly  at  —185°. 
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W.  Schneider,  observed  no  piezoelectric  effect.  R.  Lorenz  and  H.  T.  Kalmus  found 
the  sp.  electrical  conductivity  of  the  fused  salt  to  be  : 

397°  417°  437°  457°  477°  497°  507° 

Sp.  cond.  . 0-1959  0-2381  0-2745  0-3109  0-3473  0-3837  0-4019  mho. 

Observations  on  the  conductivity  of  aq.  soln.  were  made  by  R.  Lenz,  M.  S.  Sherrill, 
P.  Walden,  and  J.  Lundberg.  A.  Heydweiller  found  for  0-1 N-,  0-22V-,  and  0-5IV- 
soln.,  the  respective  values  0-01010,  0-02012,  and  0-05005  for  the  sp.  gr.  at  18°, 
and  98-2,  93-1,  and  85-4  for  the  eq.  electrical  conductivities.  H.  C.  Jones  and 
C.  A.  Jacobson  observed  the  mol.  conductivity,  [i  mho,  between  0°  and  35°,  and 
A.  P.  West  and  H.  C.  Jones  between  35°  and  65°  when  a mol  of  the  salt  is  dissolved 
in  v litres : 


• 

8 

16 

32 

128 

612 

1024 

2048 

0° 

116-3 

128-7 

137-5 

152-6 

190-6 

204-9 

214-6 

10° 

153-7 

171-1 

184-2 

204-5 

260-8 

280-5 

294-3 

25° 

216-9 

243-0 

262-9 

297-0 

384-0 

420-5 

441-7 

35° 

261-7 

294-5 

319-9 

365-3 

475-4 

522-8 

653-4 

66° 

352-9 

— 

396-9 

417-9 

426-8 

— 

448-9 

0° 

54-2 

60-0 

64-1 

71-1 

88-8 

95-5 

100-0 

35° 

47-3 

63-2 

57-8 

66-0 

85-9 

94-5 

100-0 

65° 

78-6 

— 

88-4 

93-1 

95-1 

— 

100-0 

The  calculated  values  for  the  percentage  ionization,  a,  are  also  indicated. 
W.  C.  D.  Whetham  gave  for  the  eq.  conductivity,  A mho,  with  soln.  containing 
A-gram-equivalents  per  litre  at  0°  : 

N . . 0-00001  0-0001  0-001  0-01  0-1  0-2 

A . . . 81-3  76-3  71-4  70-4  64-3  61-5 

and  inferred^from  the  small  rise  in  conductivity  with  increasing  dilution  soln.  of 
medium  cone.,  and  a larger  change  with  soln.  of  small  cone.,  that  in  the  former 
case  the  ionization  proceeds  Cr207"+H20^2HCr04',  and  in  the  latter  case 
HCrO/^H" +Gr04".  E.  Spitalsky  found  the  H'-ion  cone.,  from  observations 
on  the  effect  of  the  dichromate  soln.  on  the  velocity  of  hydrolysis  of  diazoacetic 
ether,  to  be  0-000259  with  soln.  containing  0-1012  mol  of  K2Cr207  per  litre,  and 
0-000188  with  soln.  containing  0-0664  mol  per  litre.  W.  V.  Bhagwat  and  N.  R.  Dhar 
found  that  the  salt  exists  in  aq.  soln.  probably  as  KHCr204.  G.  P.  Vincent 
studied  the  depolarizing  action  of  acidic  soln.  of  the  dichromate  on  hydrogen 
liberated  at  a smooth  platinum  electrode.  T.  Murayasu  studied  the  con- 
ductivity of  soln.  in  glycine.  W.  Spring  observed  that  soln.  of  dichromate,  on 
standing,  slowly  change  their  colour,  and  their  electrical  conductivity  ; this  means 
that  there  is  a slow  change  in  the  condition  of  the  soln. — vide  supra,  potassium 
chromate,  and  chromic  acid.  H.  Buff  observed  that  on  electrolysis  of  the  molten 
salt,  oxygen  is  evolved  at  the  anode  ; and  F.  Morges  added  that  the  dichromate  is 
reduced  to  chromate  at  the  cathode — vide  supra.  For  the  photochemical  action 
of  light,  vide  chromic  acid.  S.  Schlivitch  observed  a photovoltaic  effect  with  soln. 
of  potassium  dichromate  and  platinum  electrodes.  F.  Weigert  studied  the  electro- 
lytic reduction  of  soln.  of  the  dichromate.  J.  B.  Johnson  discussed  the  e.m.f.  due 
to  the  thermal  agitation  of  a soln.  of  the  dichromate. 

G.  Meslin  said  that  potassium  dichromate  is  paramagnetic.  He  found  that 
the  magnetic  susceptibility  of  the  powder  is  0-13  X 10~6  mass  unit ; and  G.  Quincke 
gave  for  a soln.  of  the  dichromate  between  18°  and  20°,  0-76  XlO-6  mass  unit. 
J.  Forrest  measured  the  variations  in  the  parallel  and  transverse  components  of 
the  magnetization  of  the  crystals.  P.  Weiss  and  P.  Collet  found  the  paramagnetism 
of  a soln.  of  the  dichromate  is  constant  between  14°  and  50°  ; and  the  subject  was 
discussed  by  P.  Weiss,  L.  A.  Welo  and  A.  Baudisch,  and  S.  Berkman  and  H.  Zocher. 
W.  G.  Hankel  and  H.  Lindenberg  found  that  the  crystals  exhibit  pyroelectricity  in 
that  when  warmed  the  (OOl)-face  is  usually  positively  electrified,  and  the  (OOl)-face 
negatively  electrified — the  reverse  behaviour  is  rare. 
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T.  Thomson  said  that  potassium  dichromate  has  a cooling,  bitter,  metallic  taste  ; 
it  is  stable  in  air,  and  is  not  hygroscopic.  V.  Ipatieff  and  A.  Kisseleff  found  that 
when  2iV-K2Cr207  with  some  cone,  sulphuric  acid  is  exposed  to  hydrogen  at  180° 
to  200  atm.  press.,  a crystalline  compound,  K20.Cr203.Cr2(S04)3.H20,  is  formed.  It  is 
insoluble  in  acid,  and  is  dissolved  by  molten  sodium  carbonate  and  potassium  nitrate. 
H.  P.  Cady  and  R.  Taft  found  potassium  dichromate  to  be  appreciably  soluble  in 
phosphoryl  chloride,  and  very  slightly  soluble  in  liquid  sulphur  dioxide.  According 
to  C.  F.  Cross,  in  an  atm.  sat.  with  moisture,  a mol  of  the  salt  takes  up  3-5  mols 
of  water  which  is  removed  by  pressing  it  between  filter-papers.  Observations  on  the 
solubility  of  potassium  dichromate  in  water  were  made  by  T.  Thomson,  H.  Moser, 
M.  le  Blanc,  M.  Alluard,  P.  Kremers,  M.  S.  Sherrill,  A.  Michel  and  L.  Krafft,  and 
H.  G.  Greenish  and  F.  A.  U.  Smith.  The  following  observations  on  the  percentage 
solubility,  5,  are  due  to  I.  Koppel  and  E.  Blumenthal  for  temp,  below  100°,  and  to 
W.  A.  Tilden  and  W.  A.  Shenstone  for  temp,  above  110°  : 

-0-63°  0°  30°  60°  104-8°  117°  148°  180° 

£ . . 4-31  4-43  15-40  31-30  52-00  56-10  66-80  72-50 

— vide  Figs.  36  to  41.  F.  A.  H.  Schreinemakers  gave  18*12  per  cent,  at  30°. 
A.  fitard  obtained  the  following  values  for  5 : 

1°  20°  61°  104’  150°  215°  312°  300° 

S . . 4-1  10-4  30-2  48  60-8  76-9  91-8  97-4 

but  the  results  are  considered  to  be  too  low.  F.  Flottmann  found  the  solubility 
at  15°,  20°,  and  25°  to  be  0-321,  0-396,  and  0-482  mols  per  litre,  or  8-893,  10-822,  and 
12-980  per  cent.  R.  Marc,  M.  le  Blanc  and  W.  Schmandt,  and  E.  V.  Murphree 
measured  the  rate  of  soln.  of  the  salt  in  water,  and  showed  that  the  process  is  deter- 
mined by  the  rate  of  diffusion  of  the  salt  from  the  surface  of  the  solid  into  the  body 
of  the  liquid.  J.  Traube  and  W.  von  Behren  discussed  the  formation  of  submicrons 
during  the  dissolution  of  the  dichromate.  T.  Thomson  said  that  an  aq.  soln.  of  the 
salt  reddens  litmus,  and  R.  T.  Thomson,  and  J.  A.  Wilson,  that  it  is  neutral  towards 
laemoid.  The  hydrolysis,  Cr207"-(-H20^2Cr04"-f-2H',  was  studied  by  J.  Sand 
and  K.  Kastle,  and  the  equilibrium  constant,  if=[Cr04'']2[H']2/[Cr207"],  could 
not  be  determined  satisfactorily  owing  to  unrecognized  disturbing  conditions,  but 
approximate  estimates  gave  'K= 1-5  X 10-13  at  25°;  consequently,  a 0-1  AT-soln.  is 
0-18  per  cent,  hydrolyzed.  W.  Herz  and  F.  Hiebenthal  gave  for  the  solubility  of 
potassium  dichromate,  5,  one-sixth  mol  per  litre,  in  n-normal  soln.  of  lithium 
chloride,  etc.  : 


LiCl 

in 

. 0 

0-49 

0-92 

1-78 

2-78 

3-61 

4-49 

\s  . 

. 2-89 

2-78' 

2-55 

2-26 

1-85 

1-37 

1-32 

NaCl 

in 

. 0-47 

0-94 

1-91 

2-84 

3-80 

4-21 

5-63 

Is  . 

. 2-91 

2-98 

2-79 

2-62 

2-33 

2-24 

2-06 

NH4C1 

in 

. 0-73 

1-79 

2-59 

3-10 

4-00 

5-32 

\s  - 

. 2-82 

2-54 

2-32 

2-16 

1-83 

0-91 

MgCl2 

in 

. 0-45 

0-93 

1-84 

2-31 

2-74 

3-15 

Is  . 

. 2-78 

2-64 

2-24 

2-07 

1-91 

1-76 

CaCl2 

in 

. 0-24 

0-45 

0-92 

1-41 

1-64 

1-87 

11-42 

Is  . 

. 2-88 

2-91 

2-84 

2-69 

2-62 

2-56 

1-88 

SrCl2 

Sn  • 
is  . 

. 0-51 

1-00 

2-02 

2-28 

2-84 

3-47 

. 2-89 

2-91 

2-73 

2-69 

2-62 

2-38 

where  for  LiCl,  5=2-90  — 0352«  ; for  NaCl,  5 = 3*195— 0-230n ; for  NH4C1, 
5=3-066 -0‘309»;  for  MgCl2,  5=2-95-0'380n ; for  CaCl2,  S=3*02-0'250»  ; 
and  for  SrCl2,  5=3-12— 0-210w. 

A.  C.  Robertson  represented  the  catalytic  action  of  the  dichromate  on  hydrogen 
dioxide  by  the  cyclic  reactions : K2Cr207+H202=2KCr04-|-H20,  and  2KCr04 
-j-H202=K2Cr207+H20-f-02.  E,  Pietsch  and  co-workers  studied  the  surface- 
conditions  in  the  reaction  between  potassium  dichromate  and  hydrogen  dioxide. 
For  the  action  of  hydrogen  dioxide,  vide  infra,  perchromates.  J.  W.  Thomas 
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found  that  potassium  dichromate  first  forms  potassium  chloride,  and  chromium 
trioxide,  and  then  a brown  chromium  oxide,  but  no  chromyl  chloride. 

W.  K.  van  Haagen  and  E.  F.  Smith  found  that  hydrogen  fluoride  passed  over 
heated  potassium  dichromate  removes  nearly  all  the  chromium.  According  to 
F.  Fichter  and  E.  Brunner,  if  a dil.  soln.  of  potassium  dichromate  is  treated  with 
fluorine,  it  becomes  green  and  is  reduced  to  a chromic  salt,  most  jirobably  the 
fluoride.  Crude  fluorine  always  containing  free  hydrogen  fluoride  ; the  action  of 
fluorine  upon  an  aq.  soln.  furnishes  hydrofluoric  acid  and  its  cone,  may  be  sufficient 
for  the  formation  of  chromic  fluoride.  In  this  case,  fluorine  acts  as  a reducing 
agent.  This  contradictory  behaviour  must  be  explained  by  the  intermediate 
formation  of  hydrogen  dioxide,  thus  : 2H20-FF2=H202-|-2HF.  The  formation 
of  hydrogen  dioxide  can  be  detected  by  working  with  a small  quantity  of  chromic 
acid  and  in  the  presence  of  dil.  sulphuric  acid  ; under  these  conditions  and  by  proper 
cooling  we  obtain  the  blue  perchromic  acid,  soluble  in  ether.  Perchromic  acid  is 
very  unstable,  losing  oxygen  and  yielding  chromic  salts  ; in  this  manner  the  reduc- 
tion of  dichromate  can  be  carried  out  quantitatively  by  prolonged  treatment  with 
fluorine.  K.  H.  Butler  and  D.  McIntosh  observed  that  the  dichromate  is  insoluble 
in  liquid  chlorine,  and  has  no  action  on  the  b.p.  of  the  liquid.  According  to 

E.  M.  Peligot,  a soln.  of  potassium  dichromate  in  boiling  hydrochloric  acid  deposits, 
on  cooling,  potassium  chlorochromate.  R.  E de  Lury,  and  G.  Kernot  and 

F.  Pietrofesa  concluded  from  their  observations  on  the  action  of  potassium  dichro- 
mate on  acidic  soln.  of  iodides  that  the  reaction  is  of  the  first  order  with  respect  to 
the  Cr207"-ion,  nearly  of  the  second  order  with  respect  to  the  H‘-ion,  and  between 
the  first  and  second  order  with  respect  to  the  I'-ion.  R.  F.  Beard  and  N.  W.  Taylor 
showed  that  there  are  many  anomalous  results  in  connection  with  the  reaction  : 
Cr207"+6r+14H'=2Cr"'+7H20-}-3l2,  which  disappear  in  the  presence  of  1-5 M- 
NaCl.  Two  simultaneous  reactions  occur:  H‘-f*r+Cr207"— >HI.Cr207" ; and 
2H'4-2r+Cr207"->(HI)2.Cr207".  The  velocity  constant,  k,  is  given  by 
A:=14-6[H' |[I'J-f-53000[H'J2[PJ2.  The  reaction  was  studied  by  N.  A.  Izgarischeff 
and  A.  K.  Belaieff. 

J.  B.  Senderens  found  that  a soln.  of  potassium  dichromate  is  decolorized  by 
boiling  it  with  sulphur,  forming  Cr7Ol2,  or  3Cr203.Cr03,  and  a soln.  of  potassium 
sulphate  and  thiosulphate.  A.  Manuelli  found  that  if  a mixture  of  sulphur  and  the 
dichromate  is  heated  in  a sealed  tube,  chromic  oxide  is  formed ; and  K.  Bruckner 
said  that  the  reaction  of  the  dichromate  resembles  that  of  the  monochromate 
( q.v .)  with  sulphur — vide  supra,  the  preparation  of  chromic  oxide.  A.  A.  Hayes 
said  that  hydrogen  sulphide  precipitates  some  hydrated  chromic  oxide  mixed  with 
sulphur  ; and  P.  Berthier,  that  sulphur  dioxide  colours  the  soln.  green  forming 
potassium  chromic  sulphate  and  dithionate.  H.  Bassett  said  that  94-95  per  cent, 
of  chromic  sulphate  and  5-6  per  cent,  of  dithionate  are  formed.  W.  li.  Hodg- 
kinson  and  J.  Young  studied  the  action  of  dry  sulphur  dioxide  on  the  salt. 
0.  Popp  represented  the  reaction  with  sodium  thiosulphate  : 2K2Cr207-|-Na2S203 
= K2Cr 04-)- Cr203.Cr 03 + K2S04 + N a2S03 . W.  H.  Balmain  found  that  when  3 

parts  of  the  dichromate  are  heated  with  4 parts  of  sulphuric  acid,  chromium  and 
potassium  sulphates,  water,  and  oxygen  are  formed,  and  he  used  this  mode  of 
preparing  oxygen  in  preference  to  the  potassium  chlorate  process — vide  supra, 
chromium  trioxide.  G.  Grather  and  T.  Nagahama  observed  that  potassium 
dichromate  is  reduced  by  sodium  sulphide,  sulphite,  and  thiosulphate  in  the  order 
of  increasing  effect.  M.  Traube  found  that  a mol  of  the  salt  dissolved  in  3-5  parts  of 
water  and  treated  with  2 mols  of  H2S04  in  the  cold  is  not  decomposed,  but  it  is 
decomposed  by  3 mols  of  sulphuric  acid  with  05  part  of  water  per  mol  of  salt,  but 
not  with  2 parts  of  water.  H.  Schwarz  made  observations  on  this  subject — vide 
supra,  the  preparation  of  chromium  trioxide.  E.  G.  Franklin  and  C.  A.  Kraus  found 
that  the  salt  is  insoluble  in  liquid  ammonia.  The  action  of  ammonium  chloride  has 
been  indicated  in  connection  with  the  preparation  of  chromic  oxide.  F.  Santi  found 
that  a cone.  soln.  of  ammonium  chloride  may  convert  the  dichromate  to  chromic 
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acid.  According  to  G.  B.  Frankforter  and  co-workers,  the  reaction  which  takes 
place  when  the  mixture  is  heated  at  290°  is  different  from  that  which  occurs  at  a dull 
red-heat,  the  composition  of  the  gas  evolved  and  of  the  residue  left  after  lixiviation 
being  different  in  the  two  cases.  A mixture  of  ammonium  chloride  and  potassium 
dichromate  does  not  undergo  any  change  until  a temp,  of  210°  is  attained.  The 
mixture  then  becomes  yellowish-brown,  owing  to  the  formation  of  chromium 
dioxide.  At  260°,  a slate-coloured  residue  is  obtained,  which,  on  lixiviation  with 
water,  leaves  small,  greenish-black,  iridescent  spangles  of  a hydrated  chromium 
oxide,  Cr203.2H20.  The  change  which  takes  place  does  not  depend  only  on  the 
temp.,  but  also  on  the  proportions  of  the  salts  employed.  At  370’,  in  presence 
of  a considerable  excess  of  ammonium  chloride,  chromium  chloride  and  ammonia 
are  formed.  If,  however,  the  potassium  dichromate  is  in  large  excess,  a black 
residue  is  obtained,  together  with  some  unchanged  dichromate.  Under  certain 
conditions,  chlorine  is  liberated,  and  in  some  cases,  a nitride  of  chromium  is  produced. 
It  is  supposed  that  the  complexity  of  the  reaction  is  largely  due  to  the  dissociation  of 
ammonium  chloride,  which  is  the  first  change  to  take  place  when  the  mixture  is 
heated.  E.  Mitscherlich,  and  F.  Bothe  found  that  a soln.  of  the  salt  in  nitric  acid 
deposits  crystals  of  the  terchromate.  E.  Kopp  said  that  phosphorus  reduces  the 
soln.  in  sunlight  or  when  heated,  forming  potassium  chromate  and  a little  chromium 
phosphate.  A.  Michaelis  found  that  in  a sealed  tube,  the  salt  is  partially  decomposed 
phosphorus  trichloride  at  166°,  forming  potassium  chlorochromate,  phosphoryl 
chloride,  potassium  phosphate,  and  chromium  chromate.  A mixture  with  carbon 
detonates  slightly  when  heated.  S.  Levites  studied  the  adsorption  of  the  salt  from 
aq.  soln.  by  charcoal.  E.  J.  Bowen  and  C.  W.  Bunn  studied  the  photochemical 
oxidation  of  alcohols  by  dichromates.  H.  B.  Weiser  and  E.  B.  Middleton 
attributed  the  conversion  of  potassium  dichromate  into  chromate,'  observed  by 
N.  Ishizaka,  to  the  disturbance  of  the  equilibrium:  Cr207"+H2CM2H'  f 2Cr04', 
by  the  preferential  adsorption  of  H'-ions  by  the  alumina.  W.  Kuczynsky  found  that, 
a 4 per  cent.  soln.  of  potassium  dichromate  electrolytically  pitted  the  surface  of 
aluminium  at  220  volts.  J.  Morland,  and  A.  Reinecke  studied  the  action  of 
ammonium  thiocyanate.  B.  Reinitzer  found  that  the  dichromate  is  insoluble  in 
alcohol.  E.  J.  Bowen  and  E.  T.  Yarnold  studied  the  photochemical  oxidation  of 
ethyl  alcohol  by  the  dichromate.  L.  Godefroy  studied  the  joint  action  of  alcohol 
and  chlorine  or  iodine;  and  A.  Commaille,  the  joint  action  of  acids  and  ether. 
F.  W.  O.  de  Coninck  observed  that  100  grms.  of  a sat.  soln.  in  glycol  contain  0 grins,  of 
potassium  dichromate.  A.  Naumann  found  that  the  salt  is  insoluble  in  benzonitrile, 
and  acetone;  and  W.  Eidmann,  insoluble  in  acetone  and  methylal.  1).  Lindo  observed 
that  a brown  colour  is  produced  with  phenol,  and  E.  A.  l’arnell  studied  the  joint 
action  of  phenol  and  hydrogen  dioxide.  J.  Piccard  and  F.  dc  Montmollin  observed 
that  the  oxidation  of  aniline  by  potassium  dichromate  is  a reaction  of  the  second 
order.  A.  Commaille  found  that  tannin  gives  a brown  precipitate.  For  the  action 
on  gelatin,  vide  supra,  chromic  acid.  G.  Grather  and  T.  Nagahama  studied  the 
reduction  of  dichromates  to  basic  chromates  by  lactic  acid,  tartaric  acid,  glucose, 
dextrose,  tannin,  glycerol,  formaldehyde,  thiosulphates,  sulphites,  and  sulphides, 
and  found  that  the  relative  activity  of  these  substances  decreases  in  the  order  given. 
Methyl  alcohol  did  not  reduce  the  salt.  J.  W.  Williams  and  E.  M.  Drissen  investi- 
gated the  action  of  the  salt  on  cysteine.  E.  H.  Riesenfeld  and  O.  Hecht  studied 
the  photochemical  reaction  with  ethylene  glycol;  and  J.  Plotnikolf,  and 
D.  S.  Morton,  the  photoxidation  of  organic  compounds  by  the  dichromate. 

S.  Kern  represented  the  reaction  with  magnesium  : K2Cr207+Mg-}-2H20 
— MgCr207-|-2K0H-l-H2  ; and  E.  Heyn  and  0.  Bauer  observed  that  a dil.  soln.  of 
the  dichromate  dissolves  iron,  but  soln.  of  certain  concentrations  retard  the  rusting 
of  iron.  W.  P.  Jorissen  and  G.  M.  A.  Kayser  discussed  the  reaction  with  sulphur 
and  aluminium,  and  sulphur  and  iron.  According  to  F.  Marg,ueritte,  dil.  soln.  of 
potassium  dichromate  become  paler  in  colour  when  treated  with  potassium  chloride, 
nitrate,  or  sulphur,  with  ammonium  nitrate  or  sulphate,  or  with  sodium  ca  rbonate  or 
von.  xi.  z 
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tetraborate.  H.  J.  P.  Venn  and  V.  Edge  noted  that  basic  cupric  chlorides  are  formed 
by  the  action  of  a dil.  soln.  of  potassium  dichromate  on  cuprous  chloride.  When  the 
dichromate  is  mixed  with  silicon  and  heated  in  the  electric  arc,  L.  Kahlenberg  and 
W.  J.  Trautmann  found  that  it  is  readily  reduced  to  a porous  green  slag.  J.  C.  Witt, 
and  M.  Neidle  and  J.  C.  Witt,  studied  the  action  of  potassium  dichromate  on  stannous 
sulphate  and  stannous  chloride.  According  to  E.  R.  Bullock,  the  reaction  between 
silver  in  gelatin  and  a soln.  containing  potassium  dichromate  and  a bromide,  slightly 
acidified  with  acetic  acid,  only  occurs  in  presence  of  potassium  ferricyanide  or  copper 
sulphate,  w-hich  appear  to  act  as  catalysts.  The  action  of  the  catalyst  is  attributed 
to  the  greater  simplicity  of  "the  initial  ionic  reaction : Fe(CN)6'"+Ag=:Ag' 

+Fe(CN)6"",  or  Ag+Cu"=Ag'+Cu‘,  as  compared  with  3Ag+Cr' =3Ag'-f-Cr"', 

which  involves  four  ions  instead  of  two.  The  concentrated  soln.  of  potassium 
dichromate  in  0-3V-NaOH  increases  up  to  6-5  per  cent,  when  shaken  with  animal 
charcoal — negative  adsorption ; with  more  dil.  soln.,  the  cone,  is  diminished — 
positive  adsorption.  The  negative  adsorption  is  explained  on  the  assumption  that 
the  cone,  of  the  water  on  the  surface  of  the  particles  of  charcoal  is  increased. 

E.  Brentel  recommended  potassium  dichromate  as  a standard  for  acidimetry. 
R.  G.  van  Name  and  F.  Fenwick  studied  the  electrometric  titration  of  ferrous 
salts  with  potassium  dichromate ; K.  Someya,  the  action  of  potassium  dichromate 
on  potassium  ferrocyanide  ; and  M.  M.  Narkevich,  the  acceleration  due  to  oxidation 
produced  by  the  dichromate  when  copper  dissolves  in  sulphuric  acid. 

W.  K.  Sullivan  added  that  if  an  almost  boiling  soln.  of  a mol  of  potassium 
dichromate  is  treated  with  2 mols  of  sulphuric  acid,  the  orange-red  crystals  which 
separate  on  cooling  appear  to  be  potassium  dihydrosulphatodichr ornate,  because  they 
have  the  composition  K2Cr207.2KHS04,  but  there  is  roally  nothing  to  show  that  this 
is  a chemical  individual.  According  to  J.  Fritzsche,  potassium  disulphodichromate, 
K2(Cr,S)207,  or  K0.S02.0.Cr02.0K,  is  formed  in  the  preparation  of  chromic  acid  by  tho 
action  of  sulphuric  acid  on  an  excess  of  potassium  dichromate.  H.  Reinseh,  and 
H.  Schiff,  however,  regarded  the  product  so  obtained  as  a mixture  of  potassium  sulphate 
and  dichromate.  H.  Schiff  represented  the  action  of  fused  potassium  chlorochromate  on 
potassium  sulphate  by  the  equation:  K2S04+KCr03Cl=KCl  + K0.Cr02.0.S02.0K  ; 
and  on  potassium  hydrosulphate,  by:  KHS04+KCr03Cl=HCl-f K0.Cr02.0.S02.0K. 
He  said  that  the  colour  of  the  salt  is  the  same  as  that  of  potassium  dichromate  ; and 
that  it  is  decomposed  by  water  into  potassium  sulphate  and  dichromate,  and  sulphuric  acid. 

L.  Grandeau  5 prepared  crystals  of  rubidium  dichromate,  Rb2Cr207,  from  a 
soln.  of  rubidium  carbonate  in  an  excess  of  a warm  aq.  soln.  of  chromic  acid. 

F.  A.  H.  Schreinemakers  and  A.  Filippo’s  observations  on  the  equilibrium  conditions 
are  summarized  in  Fig.  46.  According  to  G.  N.  Wyrouboff,  there  are  three  forms,  a 
monoclinic  form  and  two  triclinic  forms,  but  observations  by  J.  A.  le  Bel,  W.  Storten- 
becker,  and  B.  Gossner  have  established  the  existence  of  only  two  varieties — mono- 
clinic and  triclinic.  W.  Stortenbecker  said  that  the  monoclinic  form  is  alone 
produced  when  soln.  are  crystallized  below  35°,  and  the  triclinic  form  when  crystalli- 
zation occurs  at  temp,  above  75°  ; and  J.  A.  le  Bel  said  that  the  red  triclinic  variety 
alone  crystallizes  from  acidic  soln.,  whilst  in  the  presence  of  a little  alkali,  the  yellow 
monoclinic  modification  separates.  The  dimorphism  is  not  conditioned  by  temp, 
alone.  W.  Stortenbecker  added  that  the  monoclinic  and  triclinic  modifications  of 
rubidium  dichromate  are  monotropic,,  but  that  the  small  difference  in  stability 
between  them  retards  the  transformation  of  one  into  the  other.  If  the  time  is  great, 
the  triclinic  form  is  obtained,  but  a rapid  crystallization  gives  sometimes  the  mono- 
clinic, sometimes  the  triclinic,  and  sometimes  a mixture  of  the  two.  This  is  probably 
the  explanation  of  G.  N.  Wyrouboff ’s  statement  to  the  effect  that,  if  crystals  of  one 
form  are  placed  in  contact  with  a sat.  soln.  of  the  other,  they  remain  indefinitely 
without  showing  the  slightest  indication  of  transformation,  no  matter  what  the  temp. 

G.  N.  Wyrouboff  gave  for  the  axial  ratios  of  the  monoclinic  crystals  a : b : c=0-596  : 

1 : 0-3388,  and  jS— 87°  8' ; while  B.  Gossner  gave  1-0202  : 1 : 1-8081,  and  /J=93° 
28-5'.  G.  N.  Wyrouboff  found  that  the  (OlO)-cleavage  is  incomplete,  that  the  optic 
axial  angle  2V— 83°  16' ; the  optical  character  is  negative  ; and  the  sp.  gr.  is  3-021. 
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The  axial  ratios  of  the  triclinic  pinacoids  are  a : b : c=0-5609  : 1 : 0-5690,  anda=91°  O', 
£-93°  52',  and  y=81°  34'.  B.  Gossner  said  that  the  (001)-  and  (OlO)-cleavages 
are  complete,  and  that  the  (lOO)-cleavage  is  distinct.  G.  N,  Wyrouboff  found  that 
the  optical  axial  angle  22?=107°  42'  ; the  optical  character  is  positive  ; and  the 
sp.  gr.  is  3-125.  A.  F.  Hallimond  discussed  the  mol.  vols.  of  the  isomorphous 
dichromates.  The  monoclinic  form  is  considered  by  W.  Stortenbecker  to  be  the 
labile  form  more  easily  soluble  in  water ; and  he  gave  for  the  solubility,  S per 
cent. : 


(14°) 

18° 

(26°) 

30° 

40° 

(43°) 

50° 

65° 

monocjinic  . 

4-45 

5-42 

8-00 

9-08 

13-22 

16-52 

18-94 

28-8 

triclinic 

4-40 

4-96 

7-91 

8-70 

12-90 

14-57 

18-77 

27-3 

.The  data  for  the  bracketed  temp,  were  determined  by  G.  N.  Wyrouboff.  Accord- 
ing to  J.  A.  le  Bel,  a red  crystal  placed  in  a soln.  from  which  yellow  crystals  are 
separating  passes  into  soln.  so  that  the  solubility  of  the  two  forms  is  not  the  same. 
F.  A.  H.  Schreinemakers  and  A.  Fillippo  found  that  a sat.  soln.  contains  9-47  per 
cent.  Rb2Cr207  at  30°. 

According  to  C.  Chabrie,6  the  evaporation  of  an  aq.  soln.  of  100  parts  of  caesium 
chromate  and  26  parts  of  chromium  trioxide  furnishes  caesium  dichromate, 
Cs2Cr207  ; F.  R.  Fraprie  obtained  the  salt  by  treating  caesium  chromate  with  sul- 
phuric acid.  The  conditions  of  equilibrium  worked  out  by  F.  A.  H.  Schreinemakers 
and  D.  J.  Meijeringh  are  summarized  in  Fig.  47.  C.  Chabrie  said  that  the  pale 
red  crystals  are  very  stable  ; and  F.  R.  Fraprie  added  that  the  crystals  are  triclinic 
with  complete  basal  cleavage  ; and  they  are  much  more  soluble  in  hot  than  in  cold 
water.  A.  F.  Hallimond  discussed  the  mol.  vols.  of  the  isomorphous  dichromates. 
F.  A.  H.  Schreinemakers  and  D.  J.  Meijerinck  represented  for  the  solubilities  of  the 
different  alkali  dichromates,  at  30°, 

Li  Na  NH4  K Eb  Cs 

M2Cr207  . 56-6  66-4  3205  15-34  9-47  5-20 

F.  Droge,7  J.  Schulze,  and  M.  Groger  prepared  cupric  dichromate, CuCr207.2H20, 
by  evaporating  a soln.  of  cupric  hydroxide  in  aq.  chromic  acid,  and,  if  any  green 
crystals  separate,  pouring  off  the  clear  soln.,  and  evaporating  the  remaining  liquor 
over  cone,  sulphuric  acid.  C.  Freese  obtained  a basic  chromate  by  this  process. 
L.  Balbiano  obtained  cupric  dichromate  by  evaporating  a soln.  of  the  basic  chromate 
in  aq.  chromic  acid — if  alcohol  is  added  to  the  soln.,  a basic  chromate  is  precipitated. 
A.  Viefhaus  obtained  cupric  dichromate  from  the  soln.  obtained  by  treating  barium 
chromate  with  cupric  sulphate,  and  J.  Schulze,  from  the  soln.'  of  cupric  carbonate 
in  aq.  chromic  acid.  F.  Zambonini  said  that  the  triclinic  crystals  have  the  axial 
ratios  a : b : c=0-6133  : 1 : 0-5117,  and  a=67°  2'  16'',  £=125°  14'  3”,  and 
y=lll°  26'  2"  ; and  the  sp.  gr.  is  2-286  at  19°.  F.  Droge,  and  J.  Schulze  said  that 
the  crystals  of  the  dichromate  are  brownish-black ; they  lose  all  their  water  at 
100°,  and  decompose  at  a red-heat ; they  deliquesce  in  air ; are  sparingly  soluble 
in  water  without  decomposition ; they  are  also  soluble  in  alcohol,  and  in  aq. . 
ammonia.  N.  Parravano  and  A.  Pasta  obtained  cupric,  tetramminodichromate, 
Cu0r2O7.4NH3.2H2O,  in  black  prismatic  crystals  by  evaporating  an  ammoniacal 
soln.  of  the  compound  which  cupric-  dichromate  forms  with  pyridine.  J.  Schulze 
said  that  if  a soln.  of  cupric  dichromate  be  treated  with  an  excess  of  cupric  carbonate, 
the  basic  product  has  a variable  composition.  A.  and  L.  Lumiere  and  A.  Seyewetz 
observed  that  light  reduces  cupric  dichromate  gelatine  less  readily  than  gelatine 
with  ammonium  dichromate.  N.  Parravano  and  A.  Pasta  obtained  complex  salts 
with  pyridine,  aniline,  and  ethylenediamine.  G.  Kriiss  and  O.  Unger  prepared 
ammonium  cupric  dichromate,  3(NH4)2Cr207.2CuCr207.6H20,  in  dark  brown 
tetragonal  crystals,  by  evaporating  or  cooling  a hot  cone.  soln.  of  2 molar  parts 
of  ammonium  dichromate  and  cupric  dichromate.  It  loses  its  water,  with  some 
decomposition,  at  100°  ; and  at  a higher  temp.,  it  decomposes  with  incandescence. 
The  salt  is  soluble  in  water.  A.  Stanley  reported  sodium  copper  dioxy dichromate, 
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Na.2Cr2O7.2CuO.CuCr2O7.4H2O,  by  the  action  of  a soln.  of  sodium  dichromate  on 
freshly-precipitated  cupric  hydroxide.  The  brown,  microcrystalline  powder 
loses  water  at  200°,  and  decomposes  at  a higher  temp.  It  is  almost  insoluble  in 
water  ; and  only  slightly  soluble  in  alcohol. 

According  to  H.  Moser,8  the  action  of  chromic  acid  on  a soln.  of  silver  nitrate 
furnishes  ruby-red  crystals  of  silver  dichromate,  Ag2Cr207 ; L.  N.  Yauquelin 
obtained  the  same  salt  from  a soln.  of  silver  chromate  and  nitric  acid.  0.  Mayer, 
and  W.  Autenrieth  used  similar  processes.  R.  Warington,  C.  Freese,  W.  Autenrieth, 
and  E.  Jager  and  G.  Kriiss  obtained  the  salt  by  adding  potassium  dichromate  to 
a soln.  of  silver  nitrate.  A.  Janek,  and  M.  S.  Dunin  and  F.  M.  Shemyakin  studied 
the  formation  of  rhythmic  rings  of  silver  dichromate.  G.  P.  Baxter  and  R.  H.  Jess 
mixed  potassium  dichromate  or  chromic  acid  and  silver  nitrate  in  nitric  acid,  and 
crystallized  silver  dichromate  from  0-16Y-  to  3Y-HNO;!,  and  dried  the  product 
at  150°,  and  afterwards  powdered  the  product  and  dried  it  at  200°  in  a current  of 
dry  air.  E.  R.  Riegel  and  M.  C.  Reinhard,  D.  A.  Audalian,  E.  S.  Hedges,  and 
E.  S.  Hedges  and  R.  V.  Henley  studied  the  formation  of  rhythmic  rings  of  silver 
dichromate  in  gelatine— vide  supra,  silver  chromate.  R.  Warington,  and 
A.  Helmsauer  found  that  a silver  plate  becomes  covered  with  scarlet  crystals  of 
silver  dichromate  when  it  is  immersed  in  a soln.  of  potassium  chromate  and 
dichromate  and  sulphuric  acid — a little  chromic  oxide  is  formed.  G.  H.  Zeller  said 
that  heat  hastens  the  formation  of  the  crystals.  The  crystals  appear  dark  brown 
or  dark  grey  or  black  in  reflected  light,  and  scarlet-red  or  carmine-red  in  trans- 
mitted light.  J.  Schabus  said  that  the  tricliuic  pinacoids  have  the  axial  ratios 
a\b:c— 1-5320:  1 : 1-0546.  H.  G.  F.  Schroder  found  the  sp.  gr.  to  be  4-669; 
while  G.  P.  Baxter  and  R.  H.  Jess  gave  4-770  at  25°/4°.  R.  Warington  found  the 
dichromate  to  be  sparingly  soluble  in  water  forming  a bright  yellow  soln.  which 
reddens  litmus,  and  yields  crystals  on  evaporation.  When  boiled  with  water,  it 
forms  dark  green  chromate,  and  an  acidic  soln.  which  deposits  the  dichromate  on 
cooling ; W.  Autenrieth  represented  the  reaction  Ag2Cr207-l-H20=Ag2Cr()4 
-fH2Cr04.  O.  Mayer  gave  for  the  solubility  l-9xl0~4  mol  per  litre  at  15°  ; and 
M.  S.  Sherrill  and  D.  E.  Russ,  7-3  xlO-3  mol  per  litre  at  25°.  M.  S.  Sherrill  and 
D.  E.  Russ  said  that  water,  and  nitric  acid  below  0-06iV-HNO3,  decompose  the 
dichromate  with  the  separation  of  chromate.  They  found  for  the  solubility,  S 
milliatoms  per  litre,  at  25°  : 
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Solid  phase. 

Ag2C'r04  + Ag2Cr207 

A^f2Cr207 

R.  Warington  said  that  the  salt  is  freely  soluble  in  nitric  acid  and  in  aq.  ammonia. 
A.  Helmsauer  said  that  when  heated  to  redness,  silver,  and  chromic  oxide  are 
formed.  F.  B.  Hofmann  observed  that  the  powdered  dichromate  collects  at  the 
boundary  surface  when  shaken  with  a mixture  of  water  and  benzene,  toluene, 
xylene,  or  chloroform.  S.  H.  C.  Briggs  observed  the  formation  of  complex  salts 
with  pyridine,  Ag20r207.4(and  6)G5H5N ; and  G.  Kriiss,  and  S.  Darby,  complex 
salts — Ag2Cr207.1(and  2)HgCy2.  R.  G.  van  Name  and  R.  S.  Bothworth  found 
that  when  silver  sulphate  and  dichromate,  the  former  greatly  in  excess  (99  : 1 ), 
are  crystallized  at  a temp,  of  25°  from  an  acidic  soln.  (standard  soln.  of  sulphuric 
acid),  there  are  obtained  solid  soln.  of  sulphate  and  dichromate,  ranging  in  colour 
from  pale  yellow  to  scarlet,  and  with  the  same  rhombic  form  as  the  pure  sulphate. 
These  crystals  contain  up  to  4-1  molar  per  cent,  of  dichromate.  When  a greater 
proportion  of  dichromate  is  present  in  the  acidic  soln.,  crystals  of  the  dicliromatc 
alone  separate.  J.  W.  Retgers  could  not  prepare  solid  soln.  of  these  two  salts. 
P.  Ray  and  J.  Dasgupta  studied  complexes  with  hexamethylenetetramine. 

L.  N.  Yauquelin  9 prepared  calcium  dichromate,  CaCro07.3H20,  from  a soln. 
of  calcium  oxide  in  chromic  acid  ; and  J.  F.  Bahr,  from  a soln.  of  calcium  chromate 
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in  chromic  acid,  and  evaporating  the  liquor  over  cone,  sulphuric  acid,  or  in  vacuo. 
F.  Mylius  and  J.  von  Wrochem  supposed  that  the  salt  is  tetrahydrated,  but  they 
obtained  the  dichromate,  in  red,  six-sided  plates,  from  a sat.  soln.  at  18°,  when 
61  per  cent,  of  CaCr207  is  present.  When  freshly  prepared,  the  crystals  of  the 
trihydrate  are  red,  but  when  left  on  a porous  tile  in  a desiccator,  they  become 
yellowish-brown.  They  lose  water  when  heated  ; and  at  a higher  temp,  they 
melt  to  a reddish-brown  liquid.  K.  S.  Nargund  and  H.  E.  Watson  observed  that 
calcium  dichromate  gives  off  oxygen  at  250°  in  vacuo,  and  decomposes  at  500° 
into  calcium  chromate  and  chromic  oxide.  Calcium  dichromate  behaves  on 
heating  like  a mixture  of  calcium  chromate  and  chromium  trioxide.  L.  Schulerud 
could  not  prepare  this  salt.  A.  Naumann  said  that  the  dichromate  is  soluble  in 
acetone.  J.  F.  Bahr,  A.  Dalzell,  and  K.  Preis  and  B.  Rayman  prepared  strontium 
dichromate,  SrCr207.3H20,  from  a soln.  of  strontium  chromate  in  chromic  acid. 
The  crystals  are  coloured  like  those  of  potassium  ferricyanide.  G.  N.  Wyrouboff 
gave  for  the  axial  ratios  of  the  monoclinic,  prismatic  crystals  a :b:  c 
—0-6023  : 1 : 0-5460,  and  j3=92°  32'.  The  salt  loses  its  water  of  crystallization  at 
110°  ; and  at  220°  all  the  water  is  expelled ; and  at  a higher  temp,  oxygen  is  given 
off.  lv.  Preis  and  B.  Rayman,  and  W.  Autenricth  obtained  barium  dichromate, 
BaCr207,  by  the  action  of  a soln.  of  chromic  acid  on  freshly  precipitated  barium 
chromate  ; and  0.  Mayer,  by  boiling  barium  chromate  with  chromic  and  nitric 
acids,  and  by  adding  barium  chloride  to  a hot  cone.  soln.  of  chromic  acid  and 
washing  the  product  with  acetic  acid.  The  brownish-yellow,  or  brownish-red, 
monoclinic  prisms  are  decomposed  by  cold  water  into  chromic  acid  and  barium 
monochromate.  O.  Mayer  said  that  the  dichromate  is  not  attacked  by  boiling 
acetic  acid.  According  to  J.  F.  Bahr,  and  E.  Zettnow,  the  dihydrate,  BaCr207.2H20, 
is  formed  by  evaporating  a soln.  of  barium  chromate  in  chromic  acid,  but  neither 
L.  Schulerud  nor  W.  Autenrieth  could  verify  this.  K.  Preis  and  B.  Rayman  said 
that  the  dihydrate  is  produced  by  evaporating  the  mother-liquor  from  the  prepara- 
tion of  the  anhydrous  salt.  J.  F.  Bahr  described  the  crystals  as  stellate  groups  of 
yellowish-brown  needles ; K.  Preis  and  B.  Rayman,  as  rhombic,  brownish-yellow 
plates  ; and  E.  Zettnow,  as  dark  yellow,  doubly  refracting  scales  which  lose  all 
their  water  at  120°.  J.  F.  Bahr  said  that  the  salt  is  nearly  all  decomposed  by  w'ater  ; 
and  that  barium  dichromate  separates  from  cone.,  aq.  soln.  ; and  barium  mono- 
chromate from  dil.  aq.  soln.  For  the  equilibrium  between  barium  chromate  and 
dichromate,  vide  chromic  acid. 

B.  Reinitzer 10  prepared  magnesium  dichromate,  MgCr207  ; and  he  found  the 
salt  to  be  soluble  in  water ; and  slightly  soluble  in  alcohol.  G.  A.  Barbieri  and 
F.  Lanzoni  obtained  complex  salts  of  magnesium  dichromate  with  hexamethylene- 
tetramine by  the  action  of  a cone.  soln.  of  that  base  with  potassium  dichromate 
on  a cone.  soln.  of  magnesium  acetate  or  sulphate.  By  evaporating  in  vacuo  a 
soln.  of  a mol  of  zinc  carbonate  in  2 mols  of  cold  chromic  acid,  J.  Schulze  11 
obtained  dark  reddish-brown  crystals  of  zinc  dichromate,  ZnCr207.3H20.  The 
crystals  are  hygroscopic  in  air  ; and  freely  soluble  in  water,  but  are  decomposed 
by  boiling  water..  The  salt  was  also  prepared  by  M.  Groger.  C.  0.  Weber  obtained 
what  he  regarded  as  potassium  zinc  chromatodichromate,  K2Cr207.ZnCr04.  G.  Kriiss 
and  0.  Unger  obtained  a complex  with  mercuric  cyanide  ; N.  Parravano  and 
A.  Pasta,  and  S.  H.  C.  Briggs,  a complex  with  pyridine  ; and  S.  H.  C.  Briggs,  a 
complex  with  aniline.  J.  Schulze  obtained  cadmium  dichromate,  CdCr207.H20, 
by  the  method  employed  for  the  zinc  salt.  The  dark  orange-brown  crystals  are 
easily  soluble  in  water,  and  are  not  decomposed  by  that  agent.  G.  Kriiss  and 
0.  Unger,  and  M.  Groger  also  prepared  this  salt.  N.  Parravano  and  A.  Pasta 
obtained  complex  salts  w7itk  ethylenediamine,  pyridine,  and  aniline.  G Kriiss 
prepared  hygroscopic  potassium  cadmium  dichromate,  K2Cr207.Cd(V_G7.2H20, 
which  is  soluble  in  water. 

J.  A.  Atanasiu  12  found  that  in  the  electrometric  titration  of  soln.  of  mercurous 
nitrate  and  potassium  chromate  the  curve  shows  a break  corresponding  with 
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mercurous  dichromate,  Hg2Cr207.  A.  J.  Cox  showed  that  mercuric  dichromate, 

HgCr207,  is  also  stable  at  25°,  with  soln.  having  more  than  10-46  mols  of  chromic 
acid  per  litre — Figs.  50  and  51- — and  this  salt  is  the  solid  phase  with  soln.  having 
between  about  10-5  and  11-5  mols  of  chromic  acid  per  litre.  The  same  salt  was 
prepared  by  A.  Gawalowsky  by  the  action  of  potassium  dichromate  on  a 
soln.  of  mercuric  nitrate.  The  deep  carmine-red  crystals  were  found  by 
S.  H.  C.  Briggs  to  form  complex  salts  with  pyridine.  They  also  form  complexes 
with  other  mercuric  salts- — chloride,  cyanide,  etc.  K.  A.  Hofmann  recommended 
a soln.  of  mercuric  chromate  in  chromic  acid  for  oxidizing  carbon  monoxide 
in  gas-analysis.  C.  Hensgen  prepared  ammonium  oxydrmercuriammonium 
dichromate,  3(NH4)2Cr207[NH2(Hg0Hg)]2Cr207,  by  boiling  a soln.  of  ammonium 
dichromate  with  mercuric  oxide  ; or  by  saturating  a hot,  cone.  soln.  of  ammonium 
dichromate  with  yellow  mercuric  oxide,  and  washing  with  water,  alcohol,  and  ether, 
the  product  which  separates  on  cooling.  The  yellow  needles  or  plates  do  not 
decompose  in  air.  The  salt  decomposes  with  detonation  when  heated  rapidly, 
and  when  slowly  heated  to  170°-200°,  it  forms  a black,  graphitic  mass  which 
detonates  suddenly  at  a higher  temp.  It  is.  insoluble  in  water,  alcohol,  and  ether. 
Three-fourths  of  the  nitrogen  is  evolved  as  ammonia  when  the  salt  is  heated  with 
potash-lye,  and  oxydimercuriammonium  chromate  is  formed.  The  same  product 
is  obtained  by  treating  the  salt  with  aq.  ammonia.  The  salt  is  freely  soluble 
in  hydrochloric  acid,  and  sparingly  soluble  in  dil.  nitric  or  dil.  sulphuric  acid  ; 
and  it  is  decomposed  by  warm,  cone,  acids. 

G.  Calcagni 13  prepared  aluminium  oxydichromate,  Al20(Cr207)2,  as  an  amor- 
phous paste  by  evaporating  a soln.  of  precipitated  aluminium  hydroxide  in  chromic 
acid.  R.  E.  Meyer  obtained  a soln.  of  indium  dichromate  by  dissolving  the  oxide 
in  a warm  soln.  of  chromic  acid  ; but  on  evaporation  in  a desiccator,  he  was  unable 
to  crystallize  the  resulting  syrupy  liquid.  W.  Crookes,14  and  M.  Hebberling 
obtained  thallous  dichromate,  Tl2Cr207,  by  adding  potassium  dichromate  to  a 
soln.  of  a thallous  salt.  L.  Schulerud  emphasized  the  need  for  using  an  acidified 
soln.  of  the  thallous  salt,  otherwise  a mixture  of  thallous  chromate  and  dichromate 
is  precipitated.  J.  E.  Willm  obtained  the  dichromate  by  boiling  the  chromate  with 
dil.  sulphuric  acid ; and  E.  Carstanjen,  by  dissolving  thallous  carbonate  in  an 
excess  of  chromic  acid.  The  orange-yellow  or  orange-red,  crystalline  powder  is 
insoluble  in  water.  F.  J.  Faktor  found  that  thallous  dichromate  is  somewhat 
soluble  in  water  ; and  with  a soln . of  sodium  thiosulphate,  it  forms  yellow  chromate, 
Tl2Cr04.  If  the  soln.  of  the  dichromate  in  sodiutn  sulphate  is  warmed  with 
ammonium  chloride,  hydrated  chromic  oxide  is  precipitated. 

0.  Mayer15  obtained  lead  dichromate,  PbCr207,  by  treating  a soln.  of  lead 
acetate  with  chromic  acid  in  the  presence  of  cone,  nitric  acid,  sp.  gr.  1-4  ; K.  Preis 
and  B.  Rayman,  by  treating  lead  chromate  wTith  a cone.  soln.  of  chromic  acid — 
cold  or  hot ; and  E.  Hatschek,  by  the  action  of  ammonium  chromate  on  a soln. 
of  lead  nitrate.  E.  Hatschek  also  studied  the  formation  of  the  dichromate  by 
allowing  the  ammonium  dichromate  to  diffuse  into  an  agar-agar  soln.  of  lead 
nitrate  ; and  V.  Moravek,  by  the  diffusion  of  lead  nitrate  into  gels,  of  potassium 
dichromate.  A.  J.  Cox  studied  the  conditions  of  its  formation  from  lead  oxide 
and  chromic  acid — vide  Fig.  55.  It  is  formed  when  a mol  of  lead  oxide  is  shaken 
with  a sat.  soln.  of  2-5  mols  of  chromic  acid  at  25°.  The  excess  of  chromic  acid  is 
washed  out  with  a more  dil.  soln.  of  chromic  acid,  and  the  product  dried  by  press, 
between  porous  tiles,  and  then  in  a desiccator  over  calcium  chloride.  K.  Elbs 
and  R.  Niibling  prepared  the  dichromate  by  electrolyzing  a 130  per  cent.  soln. 
of  chromic  acid  between  lead  electrodes  with  an  anode  density  of  4 to  3 amps,  per 
sq.  dm.  at  15°-20°.  They  also  obtained  evidence  of  the  formation  of  plumbic 
dichromate,  Pb(Cr207)2.  The  preparation  of  lead  dichromate  was  also  studied  by 
J.  Milbauer,  who  found  that  the  dichromate  is  precipitated  from  soln.  which  are 
seven  times  molar  with  respect  to  Cr03.  The  crystals  cannot  be  washed  by  water 
without  hydrolysis,  but  they  can  be  freed  from  chromic  acid  by  washing  with  a 
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10  per  cent.  soln.  of  glacial  acetic  acid  in  acetone.  Electrolytic  processes  were 
studied  by  W.  Borchers,  and  C.  Luckow.  K.  Preis  and  B.  Rayman  obtained  a 
dihydrate,  PbCr207.2H20,  but  this  has  not  been  confirmed.  Lead  dichromate 
appears  as  a reddish-brown  powder,  or  in  brick-red  needles,  or  as  a crystalline 
powder.  It  is  decomposed  by  water  into  lead  chromate  and  chromic  acid ; it  is 
stable  in  a soln.  with  at  least  6-87  mols  of  Cr03  per  litre  at  25°.  It  is  soluble  in 
soda-lye. 

As  indicated  in  connection  with  the  basic  bismuth  chromates,  there  is  a 
possibility  that  bismuth  hydroxychromate,  Bi(0H)(Cr04),  is  bismuthyl  dichromate, 
(Bi0)2Cr207.H20 ; and  that  bismuthyl  quater chromate,  Bi203.4Cr03.H20,  is 
bismuthyl  hydroxydichromate,  Bi(0H)(Cr207).  A.  J.  Cox 16  did  not  find  bismuth 
dichromate  on  the  equilibrium  diagram,  Fig.  63.  K.  Preis  and  B.  Rayman  prepared 
potassium  bismuthyl  dichromate,  K2Cr207.(Bi0)2Cr207,  by  mixing  soln.  of  2 mols 
of  bismuth  nitrate,  and  3 mols  of  potassium  chromate,  and  allowing  the  precipitate 
to  stand  in  contact  with  the  mother-liquor  to  crystallize.  The  pale  or  dark  orange- 
red,  granular  or  scaly  powder  is  decomposed  by  water.  It  is  soluble  in  hydrochloric 
acid.  If  this  salt  be  warmed  with  an  excess  of  a cone.  soln.  of  chromic  acid,  it 
forms  a dark  red,  crystalline  mass  of  potassium  bismuth  hydroxydichromate, 
K2Cr207.2Bi(0H)(Cr207)H20.  It  is  decomposed  by  water. 

6.  Calcagni17  prepared  a hygroscopic,  amorphous  paste  of  chromium  dichromate, 
Cr2(Cr207)3,  by  evaporating  a soln.  of  chromic  oxide  in  chromic  acid.  P.  Pfeiffer 
prepared  chromic  trisethylenediaminodichromate,  [Cr  en3]2(Cr207)3.2H20,  by  the 
action  of  potassium  dichromate  on  a soin.  of  the  chloride.  The  yellow  needles 
are  slightly  soluble  in  cold  water.  The  salt  is  decomposed  by  heat  or  by  exposure 
to  sunlight.  0.  T.  Christensen  obtained  chromic  mtritopentamminodichromate, 
[Cr(NH3)6N02]Cr207,  analogous  to  the  chromate  (q.v.).  A.  Werner  and  J.  von 
Halban  made  chromic  thiocyanatopentamminodichromate,  [Cr(NH3)5SCy]Cr207, 
in  an  analogous  manner.  E.  Wilke-Dorfurt  and  H.  G.  Mureck  prepared  chromic 
hexantipyrinodichromate,  [Cr(C10H12N2)6](Cr2O7)3.  W.  J.  Sell,  and  E.  Wilke- 
Dorfurt  and  K.  Niederer  prepared  chromic  hexacarbamidodichromate, 
[Cr(C0N2H4)6]2(Cr207)3.3H20,  as  well  as  chromic  hexacarbamidoperchlorato- 
dichromate,  [Cr(C0N2H4)6](Cr207)C104  ; chromic  hexacarbamidodisulphato- 
dichromate,  [Cr(C0N2H4)6]2(Cr207)(S04)2.5H20 ; chromic  hexacarbamidonitrato- 
dichromate,  [Cr(C0N2H4)6](N03)(Cr207).H20 ; chromic  chlorodichromate, 
[Cr(C0N2H4)6](Cr207)C1.2H20 ; and  chromic  hexacarbamidobromodichromate, 
[Cr(0N2H4)6](Cr207)Br.H20.  They  also  made  chromic  hexacarbamidotetraboro- 
fluodichromate,  [Cr(CON2H4)0]2(Cr2O7)(BF4)4,  but  not  [Cr(C0N2H4)4](Cr207)BF4. 
G.  Calcagni  prepared  molybdenum  dichromate,  Mo(Cr207)3,  as  in  the  case  of  the 
chromium  salt ; but  neither  tungsten  dichromate,  nor  uranium  dichromate  could 
be  so  prepared, 

According  to  M.  Groger,18  manganese  dichromate,  MnCr207,  has  not  been 
prepared,  but  N.  Parravano  and  A.  Pasta  obtained  a complex  salt  with  aniline ; 
and  with  pyridine.  S.  H.  C.  Briggs  also  prepared  a complex  with  pyridine. 
According  to  S.  Husain  and  J.  R.  Partington,  chromic  acid  acting  on  an  excess  of 
solid  manganese  carbonate  yields  a dark  red  soln.  probably  containing  manganese 
dichromate.  Only  partly  decomposed  solid  products  could  be  obtained  from 
this  soln.  Attempts  to  prepare  double  manganese  dichromate  and  potassium 
chromate  were  not  successful,  because  the  latter  is  converted  into  dichromate  with 
the  precipitation  of  manganese  dioxide.  G.  Calcagni  prepared  ferric  oxybisdi- 
chromate,  Fe20(Cr207)2,  or  (FeCr207)20,  from  a soln.  of  ferric  hydroxide  in  chromic 
acid.  According  to  S.  Husain  and  J.  R.  Partington,  the  prolonged  action  of  a soln. 
of  chromic  acid  on  an  excess  of  precipitated  ferric  hydroxide  at  80°  to  90°,  yielded 
a soln.,  which,  on  evaporation  at  90°,  gave  a residue  with  the  composition  of  ferric 
dichromate,  Fe2(Cr207)3,  after  it  had  been  dried  in  vacuo.  Ferric  dichromate  is  a 
hygroscopic,  brown  solid  which  hydrolyzes  when  the  aq.  soln.  is  largely  diluted. 
It  decomposes  a little  at  100°,  and  at  140°  the  chromate  radicle  is  decomposed, 
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forming  a black  residue  which  slowly  dissolves  in  boiling,  cone,  hydrochloric  acid, 
forming  a green  soln.  E.  Wilke-Dorfurt  and  H.  G.  Mureck  prepared  ferric  hexanti- 
pyrinodichromate,  [Fe(G\0H12N2)6](Cr2O7)3. 

.1.  Schulze  19  obtained  a soln.  of  cobalt  dichromate,  by  dissolving  cobaltous 
oxide  in  a soln.  of  chromic  acid.  The  liquid  contained'  CoO  : Cr03  in  the  molar 
ratio  1:2.  G.  Kriiss  and  0.  Unger  obtained  ammonium  cobaltous  dichromate, 
(NH4)2Cr207.CoCr207.2H20,  by  evaporating  in  vacuo  a hot  cone.  soln.  of  equimolar 
parts  of  ammonium  dichromatc  and  cobalt  nitrate.  The  black,  tabular  crystals 
lose  their  water  of  crystallization  at  105°.  0.  W.  Gibbs  prepared  cobaltic  hexam- 
minodichromate,  [Co(NH3)6]2(Cr207)3.?(H20,  in  orange  needles,  by  adding 
ammonium  dichromatc  to  a cone.  soln.  of  the  nitrate  of  the  base.  A.  Werner 
and  K.  Dawe  prepared  cobaltic  bispropyldiaminodiamminodichromate, 
[Copn2(NH3)2]2(Cr207);j.2H20 ; and  0.  W.  Gibbs,  cobaltic  aquopentamminodi- 
chromate,  [Co(NH3)5(H20)]2(Cr207)3.3H20,  by  adding  potassium  dichromate  to 
an  aq.  soln.  of  the  nitrate.  6.  W.  Gibbs  also  obtained  cobaltic  nitritopentammino- 
dichromate,  [Co(NH3)5N02]Cr207,  ‘by  adding  potassium  dichromatc  to  the 
corresponding  nitrate  ; the  orange-yellow,  crystalline  precipitate  may  be  crystal- 
lized from  water  acidified  with  acetic  acid.  S.  M.  Jorgensen  obtained  cobaltic 
cisdinitritotetramminodichromate,  [Co(NH3)4(N02)2]2Cr207,  as  in  the  ease  of  the 
corresponding  monochromate  ; so  also  with  cobaltic  transdinitritotetramminodi- 
chromate,  prepared  by  0.  W.  Gibbs ; with  cobaltic  nitratopentamminodichromate, 
[Co(NH3)r)N03]Cr207.H20,  prepared  by  S.  M.  Jorgensen,  and  0.  W.  Gibbs  ; with 
cobaltic  chloropentamminodichromate,  [Co(NH3)5Cl]2Cr207,  obtained  by  S.  M.  Jor- 
gensen ; with  cobaltic  iodopentamminodichromate,  [Co(NH3)5I]2Cr207,  pre- 
pared by  A.  Werner ; with  cobaltic  dichlorotetramminodichromate, 
[Co(NH3)4Cl2]2Cr207,  prepared  by  A.  Werner  and  A.  R.  Klein — G.  Vortmann 
regarded  the  salt  as  monoliydrated  ; and  with  A.  Werner  and  A.  A.  Wolberg’s 
cobaltic  dibromotetramminodichromate,  [Co(NH3)4Br2]2Cr207.  G.  Vortmann  pre- 
pared cobaltic  dioxydecamminodichromate,  [CoO2(NH3)10]2(Cr2O7)5.8H2O,  from 
soln.  of  the  chloride  and  potassium  dichrcmate.  P.  Ray  and  P.  V.  Sarkar  obtained 
cobaltic  chromatotetramminodichromate,  [Co(NH3)4(Cr04)]2Cr207.H20,  by  the 
action  of  chromic  acid  on  the  carbonatotetramminonitrate — it  loses  its  water  over 
sulphuric  acid  ; S.  H.  C.  Briggs  obtained  the  dihydrate  by  .the  action  of  potassium 
dichromate  on  a soln.  of  diaquotetramminonitrate.  P.  Ray  and  P.  V.  Sarkar 
found  that  cobaltic  dichromatotetramminodichromate,  [0o(NH3)4(Cr2O7)]2Cr2O7. 
H20,  is  formed  if  a larger  proportion  of  chromic  acid  be  employed.  P.  Ray 
and  P.  V.  Sarkar  also  prepared  cobaltic  dichromatopentamminochromate, 
|Co(NH3)5(t'r207)]2Cr04.3H20 ; from  the  corresponding  carbonato-salts. 
S.  H.  ('.  Briggs  prepared  cobaltic  chromatoaquotriamminodichromate, 
[Co(NH3)3(H20)Cr04]2Cr207.2H20,  from  soln.  of  cobalt  trinitratotriammine  and  of 
sodium  dichromatc.  P.  Ray  and  P.  V.  Sarkar  found  that  when  cobaltic  ehromato- 
pentamminochromatc  is  recrystallized  from  dil.  acetic  acid,  it  furnishes  cobaltic 
aquopentamminochromatobisdichromate,  [0o(NH3)5(H20)]2(Cr04)(Cr207)2.H20. 
S.  H.  C.  Briggs  added  a cobaltic  diaquotctrammino-salt  to  a large  excess  of  sodium 
dichromatc  and  obtained  brownish-black  crystals  of  cobaltic  enneamminodi- 
chromate,  ( ’o2((  ’r207)3.9N H3.4H20. 

S.  H.  (’.  Briggs  prepared  nickel  dichromate,  Ni(’r207.l.\H20,  by  boiling  on 
an  oil-bath  5-5  grins,  of  nickel  carbonate  (with  70  per  cent.  NiO),  with  a soln.  of 
10*5  grms.  of  chromium  trioxide  in  7T>  c.c.  of  water  in  a flask  fitted  with  a reflux 
condenser.  The  crystalline  powder  has  the  colour  of  silver  chromate.  It 
deliquesces  in  air  ; and  is  slowly  dissolved  bv  cold  water,  but  rapidly  by  hot  water. 
G.  (’hiavarino  studied  the  ethylendiamine  salt  Ni0r2()7.3C2H4(Nfi2)2. 

G.  B.  Buekton21  prepared  platinous  tetramminodichromate,  Pt| (NH3)4]Cr207, 
by  treating  a soln.  of  the  chloride  with  chromic  acid,  and  the  product  drying  in 
vacuo.  When  crystallized  from  hot  soln.  it  resembles  lead  monochromate.  It  gives 
oil  water,  ammonia,  and  nitrogen  when  heated,  leaving  platinum,  and  chromic  oxide 


CHROMIUM 


345 


as  a residue?  It  is  sparingly  soluble  in  water  ; insoluble  in  alcohol ; and  when  boiled 
with  alcohol  and  hydrochloric  acid  it  forms  aldehyde,  chromic  chloride,  and  platinic 
dichlorotetramminochloride.  S.  G.  Hedin  obtained  platinic  sulphatotetrapyri- 
dinodichromate,  [Pt(C5H5N)4(S04)]Cr207,  by  the  method  used  for  the  corresponding 
chromate  (q.v.).  0.  Carlgren  and  P.  T.  Cleve  prepared  platinic  dinitritotetram- 
minodichromate,  [Pt(NH3)4(N02)2]Cr.>07,  by  the  action  of  hydrogen  dioxide  on 
the  precipitate  obtained  by  mixing  soln.  of  platinous  tetramminochloride  and  potas- 
sium dichromate.  The  lemon-yellow  powder  detonates  when  heated.  P.  T.  Cleve 
prepared  platinic  dinitratotetramminodichromate,  [Pt(NH3)4(N03)2]Cr207  by  the 
method  used  for  the  corresponding  chromate  ; and  likewise  with  platinic  dichloro- 
tetramminodichromate,  [Pt(NH3)4Cl.2]Cr207.  He  also  obtained  platinic 
hydroxyacetatotetramminodichromate,  [Pt(NH3)4(H0)(CH3C00)]Cr207.H20,  in 
orange-yellow,  six-sided  plates  from  the  corresponding  chloride  and  potassium 
dichromate.  He  also  made  platinic  hydroxysulphatotetramminodichromate, 
[Pt(NH3)4(0H)(S04)]2Cr207,  in  a similar  way  ; likewise  also  with  platinic  hydroxy- 
chlorotetramminodichromate,  [Pt(NH3)4(0H)Cl]Cr207.  P.  T.  Cleve  obtained 
platinic  dihydroxydiamidohexamminodichromate. 


H°\p  NH  /°H 
nh2 


L(NH3)3 


(NH3)3 


(Cr207)2, 


as  an  orange-red  precipitate  from  the  corresponding  nitrate  and  potassium 
dichromate. 
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§ 17.  The  Trichromates 

M.  Siewcrt 1 evaporated  a soln.  of  ammonium  dichromatc  in  nitric  acid,  and 
obtained  ammonium  trichromate,  (NH4)2  lb  Jager  and  G.  Kriiss  recom- 

mended nitric  acid  of  sp.  gr.  1-39  ; but  added  that  it  is  more  convenient  to  prepare 
the  salt  from  a soln.  of  ammonium  dichromate  in  a cone.  soln.  of  chromic  acid. 
F.  A.  H.  Schreinemakers  studied  the.  conditions  of  equilibrium,  and  his  results 
are  summarized  in  Fig.  29.  The  dark  garnet-red,  rhombic  bipyramids  were  found 
by  G.  N.  Wyrouboff  to  have  the  axial  ratios  a : b : c=0-844G  : 1 : 0-8344  ; the 
(lOO)-cleavnge  is  distinct.  The  optic  axial  angle  2® =44°  30' ; and  the  optical 
character  is  positive.  E.  Jiiger  and  G.  Kriiss  gave  2-329  at  10°,  and  2-342  at  13° 
for  the  sp.  gr.  M.  Siewcrt  said  that  the  salt  darkens  at  1 10°-120°,  and  E.  Jager 
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and  G.  Kriiss  said  that  the  darkening  which  appears  at  160°-170°  is  a sign  of 
decomposition  which  begins  at  about  150°.  Detonation  occurs  at  about  190°. 
The  residue  is  chromic  oxide,  or,  according  to  M.  Siewert,  chromic  oxide  mixed  with 
chromium  trioxide.  Water,  nitrogen  and  nitrogen  oxides — e.g.  N02 — are  evolved. 
W.  C.  Ball  said  that  the  thermal  decomposition  resembles  that  with  the  dichromate 
( q.v .).  The  salt  does  not  deliquesce,  but  it  slowly  decomposes  in  moist  air  forming 
chromic  acid  and  ammonium  dichromate  ; similarly  also  in  contact  with  water. 

F.  A.  H.  Schreinemakers  2 did  not  find  lithium  trichromate,  Li2Cr3O10  in  his 
study  of  the  ternary  system  Li20-Cr03-H20  at  30° — Fig.  31.  A.  Stanley  prepared 
dark  red  deliquescent  crystals  of  sodium  tricjiromate,  Na2Cr3O10.H2O,  by 
evaporating  over  sulphuric  acid  a soln.  of  sodium  dichromate  in  chromic  acid. 
The  conditions  of  equilibrium,  worked  out  by  F.  A.  H.  Schreinemakers,  are  sum- 
marized in  Fig.  32.  The  crystals  effloresce  over  sulphuric  acid.  The  deliquescent 
crystals  are  soluble  in  water  without  decomposition  even  at  100° ; and 

F.  A.  H.  Schreinemakers  found  that  at  30°  a sat.  soln.  contains  70  per  cent. 
Na2Cr3Ol0.  F.  Mylius  and  R.  Funk  found  that  a soln.  sat.  at  18°  contains  80-60 
per  cent,  of  salt  and  has  a sp.  gr.  2-059  ; and  they  gave  for  the  percentage  solubility 
at  0°,  15°,  55°,  and  99°,  respectively  80-03,  80-44,  82-68,  and  85-78. 

E.  Mitscherlich  3 prepared  potassium  trichromate,  K2Cr3O10,  from  a soln.  of 
potassium  dichromate  and  nitric  acid  ; F.  Bothe  recommended  working  with  nitric 
acid  of  sp.  gr.  1-210,  and  at  60°  ; E.  Jager  and  G.  Kriiss -used  nitric  acid  of  sp.  gr.. 

1- 19.  C.  Schmidt  used  cone,  nitric  acid,  but  G.  N.  Wyroubofi  said  that  if  the  nitric 
acid  be  too  cone. — over  1-41  sp.  gr. — some  tetrachromate  is  formed.  H.  Reinsch, 
and  C.  J.  B.  Karsten  observed  the  tendency  of  potassium  nitrate  to  crystallize  out 
with  the  trichromate  in  nitric  acid  soln. ; and  L.  Darmstadter  mistook  the  impure 
product  for  nitrochromate.  M.  Siewert  separated  the  product  from  potassium 
nitrate  by  fractional  crystallization.  C.  von  Hauer,  M.  Siewert,  and  E.  Jager  and 

G.  Kriiss  obtained  the  trichromate  by  evaporating  over  sulphuric  acid  a soln.  of 
potassium  dichromate  in  chromic  acid ; F.  A.  H.  Schreinemakers,  and  I.  Koppel 
and  E.  Blumenthal  studied  the  conditions  of  equilibrium,  and  the  results  are  sum- 
marized in  Figs.  36  to  41.  Potassium  trichromate  furnishes  deep  red,  prismatic 
crystals  ; and  F.  Bothe  reported  that  the  monoclinic  prisms  have  the  axial  ratios 
a : b : c=0-8437  : 1 : 0-8318,  andj3=101c>  0' ; the  (OlO)-cleavage  is  distinct.  F.  Bothe 
gave  3-613  for  the  sp.  gr. ; H.  G.  F.  Schroder,  2-676-2-702  ; L.  Playfair  and 
J.  P.  Joule,  2-655  ; and  E.  Jager  and  G.  Kriiss,  2-667  at  10° — crystallized  from 
chromic  acid — and  2-648  at  11° — crystallized  from  nitric  acid.  The  hardness  is 

2- 5.  I.  Traube  found  the  drop-weight  of  the  molten  trichromate  to  be  231  mgrms. 
F.  Bothe  said  that  the  salt  decrepitates  a little  when  heated,  and  melts  at  145°- 
150° ; E.  Jager  and  G.  Kriiss  said  that  the  trichromate  blackens  at  220°,  and 
melts  at  250°.  E.  Groschuff  said  that  the  salt  decomposes  when  melting. 
M.  Berthelot  gave  for  the  heat  of  formation  in  the  solid  state : (K2Cr04,2Cr03) 
=14-1  Cals. ; and  T.  Graham  gave  for  the  heat  of  soln.,  —14-2  Cals.  On  exposure 
to  air,  the  crystals  lose  their  lustre  and  become  opaque.  The  salt  is  freely  soluble 
in  water  and  there  is  a small  fall  in  temp.,  and  the  trichromate  decomposes  into 
dichromate  and  chromic  acid.  P.  Walden  also  inferred  from  the  electrical  con- 
ductivity, j u.  mho  of  the  aq.  soln.  of  a mol  of  the  salt  in  v litres  of  water  at  25°,  viz. 

v . . 32  64  128  256  512  1024 

y.  . . 275-9  282-9  286-1  286-4  283-4  278-2 

that  the  salt  is  partially  decomposed.  L.  A.  Welo  studied  the  magnetic  suscepti- 
bility. F.  Bothe  found  that  the  trichromate  is  soluble  in  alcohol,  and  the  alcoholic 
soln.  rapidly  decomposes  in  light.  . A.  Naumann  found  that  the  salt  is  soluble  in 
acetone.  G.  N.  Wyroubofi  studied  solid  soln.  of  potassium  and  ammonium  tri- 
chromates,  and  saw  that  the  hexagonal  crystals  have  the  axial  ratio  a : c=l  : 1-0844 
with  58-5  to  69-7  per  cent,  of  the  ammonium  salt. 

F.  A.  H.  Schreinemakers  and  H.  Filippo  4 showed  the  conditions  of  equilibrium, 
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Fig.  46,  for  rubidium  trichromate,  Rb2Cr3Ol0,  in  soln.  of  chromiG  acid  ; and 
F.  A.  H.  Schreinemakers  and  D.  J.  Meijeringk,  the  conditions  of  equilibrium,  Fig.  47, 
of  caesium  trichromate,  Cs2Cr3O10.  The  dark  red,  trigonal  crystals  were  stated  by 
F.  R.  Fraprie  to  have  the  axial  ratio  a : c=l  : 1-5549  and  not  to  be  isomorphous 
with  the  other  trichromates. 

M.  Groger  6 could  not  prepare  copper  trichromate,  CuCr3O10.  H.  von  Foullon 
passed  carbon  dioxide  into  a soln.  of  calcium  chromate  and  obtained  a precipitate 
corresponding  with  calcium  oxytrichromate,  CaO.CaCr3O10.  K.  Preis  and  B.  Ray- 
man  prepared  garnet-red  deliquescent  crystals  of  strontium  trichromate, 
SrCr3O10.3H2O,  by  the  method  employed  in  preparing  the  dichromate,  but  using  a 
large  excess  of  chromic  acid.  J.  F.  Bahr  prepared  potassium  barium  trichromate, 
K2Cr3Ol0.2BaCr3O10.3H2O,  from  a chromic  acid  soln.  of  barium  and  potassium 
dichromates.  The  reddish-brown  needles  are  very  deliquescent,  and  are  decom- 
posed by  water. 

M.  Groger 6 prepared  dark  red,  deliquescent  crystals  of  zinc  trichromate, 
ZnCr3O10.3H2O,  by  evaporating  in  vacuo  a soln.  of  zinc  dichromate  in  chromic  acid. 
He  also  obtained  cadmium  trichromate,  CdCr3O10.H2O,  in  dark  reddish-brown 
crystals  by  an  analogous  process.  A.  Gawalowsky  obtained  pale  red  crystals  of 
mercuric  polychromate  by  the  action  of  an  acidified  soln.  of  potassium  dichromate  on 
mercury. 

W.  Crookes7  obtained  thallous  trichromate,  Tl2Cr3O10,  by  digesting  the  chromate 
with  sulphuric  acid  ; and  J.  E.  Willm,  by  digesting  the  dichromate  with  nitric  acid. 
The  red,  crystalline  powder  behaves  like  the  monochromate  towards  aq.  and. 
alcoholic  hydrochloric  acid.  100  grms.  of  water  at  15°  dissolve  0-0355  grm. 
of  the  trichromate,  and  at  100°,  0-2283  grm. 
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§ 18.  The  Tetrachromates 

G.  N.  Wyrouboff  1 reported  ammonium  tetrachromate,  (NH4)2Cr4013,  to  be 
formed  by  crystallization  from  a soln.  of  ammonium  dichromate  in  hot  nitric  acid 
of  sp.  gr.  1-41.  E.  Jager  and  G.  Kriiss  could  not  obtain  the  salt  in  this  way,  but 
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they  obtained  it  by  slowly  cooling  a soln.  of  the  trichromate  in  nitric  acid  of  sp.  gr. 

1- 39.  E.  A.  H.  Schreinemakers  studied  the  conditions  of  equilibrium,  and  the 
results  are  summarized  in  Fig.  29.  The  brownish-red,  crystalline  aggregates  are 
less  stable  than  the  lower  chromates.  E.  Jager  and  G.  Kriiss  observed  that  the 
salt  is  hygroscopic,  and  is  decomposed  by  moisture  into  the  dichromate  and 
chromic  acid.  The  crystalline  salt  is  stable  in  a dry  atmosphere.  It  blackens 
when  heated  to  160°,  melts  at  170°,  and  decomposes  suddenly  at  175°,  giving  off 
nitric  oxide,  etc.,  and  leaving  a mixture  of  chromic  oxide  and  chromium  trioxide. 
J.  J.  Pohl  reported  crystals  of  ammonium  tetrachromate,  thought  to  be  (NH4)10Cr4017, 
in  the  preparation  of  the  normal  tetrachromate.  J.  Schabus  found  the  mono- 
clinic crystals  had  the  axial  ratios  a : b : c=0-7458  : 1 : 0-4955,  and  |8— 106°  51'. 

F.  A.  H.  Schreinemakers  could  not  prepare  lithium  tetrachromate,  Li2Cr4013 ; 
but  he  showed  that  sodium  tetrachromate,  Na2Cr4013.H20,  can  exist  under  the 
conditions  indicated  in  Fig.  34.  F.  Mylius  and  R.  Funk  prepared  this  salt  by 
evaporating  a soln.  of  sodium  chromate  in  an  excess  of  chromic  acid.  The  garnet- 
red,  deliquescent  plates  melt  at  40°T50°  with  the  separation  of  chromium  trioxide. 
The  salt  dissolves  in  water  without  decomposition.  A sat.  soln.  at  18°  has  74-60 
per  cent,  of  Na2Cr4013,  and  has  a sp.  gr.  of  1-926  ; and  at  0°,  16°,  and  22°,  the 
respective  percentage  solubilities  are  72-19,  74-19,  and  76-01. 

M.  Siewert  prepared  potassium  tetrachromate,  K2Cr4013,  by  evaporating  a soln. 
of  potassium  trichromate  in  cone,  nitric  acid  slowly  on  a sand-bath,  and  cooling 
the  mixture.  The  crystalline  plates  have  the  colour  of  mercuric  iodide,  and  are 
freed  from  nitric  acid  by  press,  on  porous  titles,  and  by  drying  at  140°.  E.  Jager 
and  G.  Kriiss,  and  G.  N.  Wyroubofi  used  nitric  acid  of  sp.  gr.  1-4 ; and  C.  Schmidt, 
acid  of  sp.  gr.  1-48-1-52.  The  contamination  of  the  salt  with  nitrate  led  L.  Darm- 
stadter  to  regard  it  as  a nitrochromate.  E.  Jager  and  G.  Kriiss,  and  G.  N.  Wyroubofi 
obtained  it  by  crystallization  from  a soln.  of  the  trichromate  in  aq.  chromic  acid. 
F.  A.  H.  Schreinemakers,  and  I.  Koppel  and  E.  Blumenthal  studied  the  conditions 
of  equilibrium,  and  the  results  are  summarized  in  Figs.  36  to  41.  H.  Schwarz 
found  that  a soln.  of  a mol  of  potassium  dichromate  and  2 mols  of  sulphuric  acid, 
first  deposits  crystals  of  the  dichromate,  and  afterwards  a mixture  of  potassium 
tetrachromate  and  sulphate.  Potassium  tetrachromate  forms  brownish-red  or 
carmine-red,  8-sided  plates  and  prisms,  which  are  monoclinic ; G.  N.  Wyroubofi 
gave  for  the  axial  ratios  a : b : c— 0-797  : 1 : 1-110,  and/3=91°  42'.  The  deliquescent 
crystals  are  stable  in  air ; and  E.  Jager  and  G.  Kriiss  said  that  their  sp.  gr.  is 

2- 649  at  11°  ; and  that  they  melt  at  215°  ; they  are  decomposed  by  water  into 
trichromate  and  chromic  acid. 

F.  Mylius  and  J.  von  Wrochem  obtained  dark  red  crystals  of  calcium  tetra- 
chromate, CaCr4013.6H20,  by  evaporating  over  sulphuric  acid  a soln.  of  calcium 
carbonate  in  an  excess  of  chromic  acid.  The  salt  is  soluble  in  water. 

C.  F.  Rammolsberg  found  that  a soln.  of  chromic  acid  free  from  sulphuric  acid,  and 
half  saturated  with  ammonia  furnished  a brownish-yellow  salt — thought  to  be  ammonium 
hexachromale.  It  decomposed  with  incandescence  when  heated.  E.  Jager  and  G.  Kriiss 
could  obtain  only  the  dichromate  by  this  process  ; and  they  were  unable  to  isolato  a more 
complex  salt  than  the  tetrachromate.  This  agrees  with  F.  A.  H.  Schreincmaker's  obser- 
vations— Fig.  29. 
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§ 19.  Perchromic  Acid  and  the  Perchromates 

In  1847,  L.  C.  A.  Barreswil,1  in  his  memoir  : Sur  un  nouveau  compose  oxygene 
du  chrome,  described  how  a deep  blue  soln.  is  produced  when  a cone.  soln.  of  chromic 
acid  is  mixed  with  hydrogen  dioxide.  The  soln.  immediately  begins  to  decompose 
with  the  evolution  of  oxygen,  and  this  decomposition  occurs  more  quickly  with 
cone.  soln.  and  with  vigorous  agitation.  If  sulphuric  acid  be  mixed  with  potassium 
dichromate,  and  treated  with  hydrogen  dioxide,  oxygen  is  evolved  and  a soln.  of 
chromic  sulphate  is  formed.  If  ether  be  shaken  up  with  the  blue  soln.,  the  aq. 
layer  is  decolorized,  and  the  ethereal  liquor  retains  the  blue  product.  The  ethereal 
soln.  is  more  stable  than  the  aq.  soln.  If  the  ethereal  soln.  be  evaporated,  a cone, 
is  attained  at  which  the  liquor  suddenly  decomposes  with  the  evolution  of  oxygen 
and  the  formation  of  chromic  acid.  It  is  assumed  that  the  blue  soln.  contained  a 
perchromic  acid  Cr03+„  formed  in  accord  with  2Cr03-|-2nH202-T>2(Jr03  + B 
+2wH20  ; and  that  the  decomposition  progresses  2Cr03  + „->Cr2034-(2n-b3)0,  or 
Cr03+„-->Cr03-|-n0.  F.  H.  Storer  said  that  the  blue  coloration  is  so  sensitive 
that  it  enables  one  part  of  potassium  dichromate  tp  be  detected  in  30,000  to  40,000 
parts  of  water.  G.  Werther  said  that  the  presence  of  0-0001  part  of  vanadate  will 
mask  the  effect  with  0-0001  part  of  chromate  ; and  C.  Reichard  noted  that  the 
disturbing  effect  of  the  molybdate  and  tungstate  is  not  so  great  as  that  of  the 
vanadate.  C.  Reichard  observed  that  the  presence  of  sodium  hydrophosphate  or 
hydroarsenate  removes  the  injurious  effect  of  vanadium. 

W.  M.  Grosvenor  found  that  the  blue  compound  is  also  soluble  in  ethyl  acetate, 
or  valerate,  amyl  chloride,  amyl  alcohol,  and  in  amyl  formate,  acetate,  butyrate, 
or  valerate.  The  blue  substance  is  not  dissolved  by  carbon  disulphide,  benzene, 
light  petroleum,  toluene,  nitrobenzene,  aniline,  paraffin  and  turpentine,  carbon 
tetrachloride,  chloroform,  castor  oil,  bergamot  oil,  and  oil  of  wintergreen.  The 
soln.  in  ethyl  acetate  is  said  to  be  the  most  stable,  but  even  that  decomposes  in 
about  23  hrs.  G.  Griggi  said  that  the  soln.  in  amyl  alcohol  is  more  stable  than  in 
ordinary  ether,  but  W.  M.  Grosvenor  did  not  agree.  According  to  L.  C.  A.  Barreswil, 
alkaloids — quinine,  strychnine,  etc.— in  ethereal  soln.  form  dirty  violet  precipitates 
insoluble  in  ether  ; and  when  the  precipitate  is  dried  and  treated  with  an  acid, 
and  ether,  the  blue  soln.  is  again  formed. 

H.  Aschoff  found  that  the  blue  soln.  is  decolorized  by  ferrous  salts;  and,  accord- 
ing to  W.  P.  Jorissen  and  L.  T.  Reicher,  by  oxalic  acid.  With  an  excess  of  alkali-lye, 
L.  C.  A.  Barreswil  observed  that  oxygen  is  evolved  and  alkali  chromate  is  formed. 
H.  Aschoff  found  that  lead  oxide  behaves  like  the  alkali.  C.  F.  Schonbein  made 
some  observations  on  the  action  of  alkali  on  the  blue  soln.  H.  Aschoff  found  that 
if  a dil.  soln.  of  potassium  hydroxide  be  added  to  the  soln.  until  the  ethereal  layer 
is  pale  blue,  water  now  colours  the  neutral  aq.  layer  brownish-violet.  The  addition 
of  more  alkali  results  in  the  evolution  of  oxygen,  and  the  formation  of  yellow  alkali 
chromate.  It  is  therefore  inferred  that  the  soln.  of  the  free  perchromic  acid  is 
blue,  and  that  the  salts  are  violet.  In  general,  as  shown  by  M.  Martinon,  acids 
decomposed  the  blue  substance  into  salts  of  chromic  oxide  and  oxygen,  while 
alkalies  form  chromates. 

M.  Berthelot  showed  that  with  strong  acids  and  a soln.  of  dichromate,  hydrogen 
dioxide  gives  the  blue  colour  of  the  hypothetical  perchromic  acid  ; with  the  weaker 
acetic  or  phosphoric  acid,  the  colour  is  violet  not  blue — due,  it  is  suggested,  to 
the  formation  of  a brown  substance  along  with  the  perchromic  acid  ; and  with 
still  weaker  boric  or  hydrocyanic  acid,  the  colour  is  brown  and  the  rate  of  decom- 
position is  slow.  With  a moderately  cone.  soln.  of  chromic  acid,  the  liquid  is  first 
blue,  then  violet,  brown,  or  even  green ; but  with  dil.  soln.,  at  10°,  only  traces  of 
the  blue  perchromic  acid  are  formed.  The  brown  substance  is  the  chief  product. 
The  action  is  most  regular  with  an  aq.  soln.  of  a mol.  of  potassium  dichromate 
per  16  litres,  and  an  eq.  quantity  of  a soln.  containing  a mol  of  hydrogen  dioxide 
per  2 litres.  The  liquid  first  darkens  in  colour,  rapidly  becoming  deep  brown,  and 
vol.  xi.  2 a 
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oxygen  is  liberated  with  effervescence,  and  during  the.  reaction  the  liquid  contains 
only  traces  of  perchromic  acid.  The  liquid  then  becomes  clear  and  acquires  its 
original  colour- — it  contains  neither  hydrogen  dioxide  nor  reduced  chromic  oxide. 
The  same  quantity  of  potassium  dichromate  will  decompose  an  unlimited  quantity 
of  hydrogen  dioxide.  The  brown  intermediate  product  is  probably  a compound 
of  hydrogen  peroxide  with  chromic  oxide  : it  decomposes  rapidly,  with  regenera- 
tion of  chromic  acid,  liberation  of  oxygen,  and  formation  of  water.  As  the  thermal 
measurements  show,  the  heat  liberated  by  the  reaction  is  identical  with  that 
liberated  by  the  decomposition  of  hydrogen  peroxide. 

The  brown  colour  of  the  unstable  intermediate  product  points  to  the  formation 
of  chromium  chromate.  The  hydrogen  dioxide  oxidizes  the  chromium  chromate 
forming  chromic  acid  and  water.  All  this  characterizes  a catalytic  reaction. 
Attempts  by  E.  H.  Riesenfeld,  and  E.  Spitalsky  to  work  out  a detailed  explanation 
of  the  catalyzed  reaction  have  not  been  successful.  When  a large  excess  of 
hydrogen  dioxide  is  present,  the  rate  of  decomposition  is  approximately  propor- 
tional to  the  cone,  of  the  chromic  acid.  If  denotes  the  cone,  in  mols  of  K^CrO* 
per  litre,  and  k1  the  velocity  constant, 


C , . 

0-001674 

0-003132 

0-02205 

0-0313 

0-05105 

0-0674 

0-1020 

k2  (obs.) 

0 

6-7 

14-4 

15-9 

23-5 

29-4 

46-0 

kt  (calc.) 

0-8 

1-4 

10-1 

14-4 

23-5 

31-0 

46-8 

The  reaction  with  dichromate  is  faster  than  with  monochromate  ; 

and  if  C2 

denotes 

the  cone. 

in  mols  of  K2Cr207  per  litre,  and  k2,  the  velocity  constant  of  a first  order 

reaction, 

C2  x 104 
k.l  (obs.) 

0-3 

1-2 

2-4 

4-8 

7-83  9-6 

45-4 

90-8 

4-5 

17-2 

33-7 

65-3 

100  123 

394 

829 

k2  (calc.) 

4-1 

16-4 

32-0 

65-8 

108  123 

394 

829 

The  calculated  values  from  C2= 9-6  x 10~4  are  no  longer  in  accord  with  the  observed. 
With  dichromate  alone,  or  in  feebly  acidic  soln.,  some  of  the  dichromate  is  reduced 
to  a tervalent  chromic  salt ; the  proportion  reduced  depends  on  the  acidity,  i.e. 
on  the  H'-ion  cone.  ; thus,  with  soln.  containing  0-00546  mol  Cr  per  litre  at  25°, 
the  percentage  proportions  of  tervalent  chromium  are  : 

[H-j  0 0-00182  0-00354  0-00547  0-00783  0-00818  0-01089 

Cr— . 2-0  8-7  18-9  28-5  36-2  43-6  57-5  per  cent. 

These  are  equilibrium  values  in  the  sense  that  if  a mixture  contains  more  than  this 
proportion  of  Cr”,  oxidation  to  chromate  occurs.  E.  Spitalsky  found  that  when 
hydrogen  dioxide  is  present  in  considerable  excess,  the  rate  at  which  it  is  decom- 
posed is  nearly  independent  of  its  cone.,  being  approximately  proportional  to  the 
cube  root  of  the  dioxide  cone.,  but  when  the  dioxide  cone,  has  diminished  to 
such  an  extent  that  the  ratio  H202  : Cr03  is  not  more  than  10 : 1,  the  velocity 
suddenly  rises  to  two  or  three  times  its  former  value  and  then  falls  rapidly  to  zero, 
the  dioxide  being  completely  decomposed.  The  decomposition  is  relatively  less 
rapid  the  greater  the  initial  dioxide  cone,  for  a definite  cone,  of  chromic  acid. 
When  the  dioxide  is  present  in  considerable  excess,  the  rate  of  decomposition  is 
approximately  proportional  to  the  chromic  acid  cone.  The  reaction  velocity  at 
any  instant  is  completely  determined  by  the  dioxide  and  chromic  acid  cone,  at  that 
instant — for  example,  the  sharp  maximum  in  the  velocity  curve  occurs  at  the  same 
dioxide  cone,  for  a definite  chromic  acid  cone.,  independent  of  the  initial  cone, 
of  the  dioxide.  E.  H.  Riesenfeld  inferred  that  the  H3Cr08-acid  is  first  formed  by  the 
consumption  of  H'-ions ; and  as  the  acidity, of  the  soln.  is  reduced,  H3Cr07-acid 
appears.  This  is  in  harmony  with  E.  Spitalsky’s  observation  that  a definite  pro- 
portion of  the  chromic  acid  catalyst  is  reduced  to  a tervalent  chromium  salt. 
E.  I.  Orloff  also  discussed  these  complex  reactions  ; and  G.  N.  Ridley  reviewed 
the  general  properties  of  perchromic  acid. 
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H.  Moissan  said  that  the  blue  compound  cannot  be  formed  by  the  action  of 
ozone,  on  a soln.  of  chromic  acid,  although  A.  Mailfertsaid  that  perchromic  acid  is 
formed  if  ether  be  also  present.  H.  Moissan  added  that  the  blue  perchromic  acid 
is  produced  by  the  electrolysis  of  soln.  of  chromic  acid  only  when  hydrogen  dioxide 
is  first  formed.  E.  H.  Riesenfeld  found  that  when  a soln.  of  16-6  grms.  of  chromic 
acid  in  100  c.c.  of  a 30-per  cent.  soln.  of  sulphuric  acid  is  electrolyzed,  using  platinum 
electrodes,  and  a porous  cathode  cell  cooled  by  mean's  of  ether  and  carbon  dioxide, 
a higher  oxidation  product  of  chromium,  which  can  be  detected  by  precipitation 
with  ammonia,  is  probably  formed,  but  decomposes  as  the  cone,  increases  until 
the  velocity  of  formation  becomes  equal  to  that  of  decomposition.  Since  chromic 
oxide,  Cr203,  and  not  chrpmic  acid,  is  formed  by  the  decomposition,  the  quantity 
of  oxygen  lost  is  greater  than  that  produced  by  the  electrolysis. 

Two  methods  have  been  employed  for  finding  the  nature  of  the  blue  product : 
(i)  By  isolating  the  substance,  its  salts  or  their  equivalent ; and  (ii)  By  determining 
the  oxidizing  power  or  the  amount  of  oxygen  set  free  during  its  decomposition. 

L.  C.  A.  Barreswil  found  that  when  an  acidified  soln.  of  potassium  dichromate  is 
treated  with  hydrogen  dioxide,  4 mols  of  oxygen  are  given  off  per  mol  of  K2Cr207  > 
and  he  assumed  that  the  perchromic  acid,  Cr207.H20,  is  formed  as  an  intermediate 
compound.  H.  Aschoff  represented  the  reaction : 2Cr03+H202=H20+Cr207 
followed  by  Cr207+4H202->Cr203-)-4H20+402.  B.  C.  Brodie  found  that  with 
an  excess  of  chromic  acid,  6 gram-atoms  of  oxygen  are  evolved  per  2 mols  of  Cr03  ; 
and  with  an  excess  of  hydrogen  dioxide,  9 gram-atoms  of  oxygen  ; while  T.  Fairley’s 
observations  led  him  to  assume  that  the  intermediate  perchromic  acid  is  Cr06.3H20. 

M.  Martinon  found  that  the  maximum  depth  of  blue  coloration  is  developed  when 
2 mols.  of  Cr03  and  4 mols.  of  H202  are  present,  and  hence  he  regarded  the  per- 
chromic acid  as  4H202.2Cr03,  i.e.  H4Cr07,  with  the  anhydride  Cr05.  A.  Carnot 
found  that  chromic  acid  is  quantitatively  reduced  by  hydrogen  dioxide,  and 
M.  Berthelot  observed  that  the  amount  of  oxygen  developed  depends  on  whether 
the  hydrogen  dioxide  is  poured  into  the  chromic  acid  or  conversely.  In  the  first 
case  the  result  agrees  with  : 2Cr03-f-  3H2024-3H2S04=Cr2(S04)3-j-302-{-  6H20, 
i.e.  the  chromic  acid  and  hydrogen  dioxide  each  lose  the  same  quantity  of  oxygen. 
In  the  second  case,  the  reaction  seems  to  occur  in  two  stages,  2Cr03+H202=Cr207 
+H20,  and  then  Cr207+4H202=Cr203-j-4H20-|-402  when  1-66  times  as  much 
oxygen  is  derived  from  the  hydrogen  dioxide  as  from  the  chromium  trioxide.  The 
intermediate  Cr207  is  considered  to  be  the  anhydride  of  the  blue  perchromic  acid. 
E.  Baumann  confirmed  M.  Berthelot’s  conclusions  ; and  observations  were  also 
made  by  A.  Bach,  and  L.  Marchlewsky.  E.  H.  Riesenfeld  represented  the  reaction 
between  hydrogen  dioxide  and  an  excess  of  chromic  acid  by  the  equation  : 2Cr03 
+3H202=Cr203+3H20-|-302  with  the  intermediate  formation  of  a Cr209-oxide  : 
2Cr03-b3H202=Cr209+3H20  followed  by  Cr209=Cr203+302 ; and  with  the 
hydrogen  dioxide  in  excess,  2Cr03-f 2H202=2Cr04-f-2H20  followed  by  2Cr04 
-(-5H202=Cr203+ 5H20+502,  or  else  according  to  2Cr03-f  7H202==Cr20J3-f-  7H20 
followed  by  Cr2013=Cr203-|-502.  H.  E.  Patten  argued  that  it  is  the  hydrogen  not 
the  chromium  which  forms  a higher  peroxide.  He  said  : 

When  a sat.  soln.  of  potassium  dichromate  is  cooled  to  — 16°  and  treated  with  2 per  cent, 
soln.  of  hydrogen  dioxide  at  the  same  temp.,  a white,  solid  substance  separates  and  the  soln. 
turns  blue.  If  a cold  sat.  soln.  of  sodium  acetate  is  added  to  this  soln.,  it  assumes  the 
lake-colour  of  ehromous  acetate,  and  if  left  for  half  an  hour  the  green  colour  of  chromic 
acetate  appears.  Solid  ehromous  acetate  may  be  obtained  by  extracting  the  blue  soln. 
with  ether  and  adding  sodium  acetate  to  the  blue  ethereal  soln.  The  electrical  conductivity 
of  the  blue  ethereal  soln.  of  “ ehromous  oxide  ” is  less  than  2x  10~8  at  0°.  The  simplest 
explanation  of  these  facts  is  said  to  be  that  chromic  acid  is  reduced  to  the  ehromous  state 
by  hydrogen  dioxide,  and  a higher  oxide  of  hydrogen  is  produced. 

This  hypothesis,  said  K.  A.  Hofmann  and  H.  Hiendlmaier,  is  untenable  because 
much  oxygen  is  evolved  when  hydrogen  dioxide  is  mixed  with  chromic  acid,  and 
ehromous  salts  are  rapidly  oxidized  even  by  air,  and  they  decompose  water. 

E.  H.  Riesenfeld  pointed  out  that  in  the  observations  just  indicated  it  is  assumed 
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that  only  one  chemical  individual  is  concerned  in  the  reaction  when  either  the 
hydrogen  dioxide  or  the  chromic  acid  is  in  excess.  Actually,  several  products  arc 
probably  produced,  and  these  are  all  prone  to  decomposition.  Hence,  the  term 
perchromic  acid  applied  to  the  blue  product  does  not  necessarily  refer  to  a chemical 
individual.  H.  Moissan  tried  to  isolate  the  blue  compound  by  evaporating  the 
ethereal  soln.  at  — 20°  ; he  obtained  a deep  indigo-blue,  oily,  liquid  with  a com- 
position corresponding  with  Cr03.H202.  E.  Pechard  added  baryta-water  to  a 
well-cooled  soln.  of  chromic  acid  containing  an  excess  of  hydrogen  dioxide  and 
obtained  a brown  precipitate  approximating  BaCr05,  but  which  0.  Wiede  regarded 
as  a mixture  of  barium  chromate  and  dioxide.  C.  Haussermann  treated  a mush  of 
chromium  hydroxide  and  water  with  sodium  dioxide  at  10°-20°,  and  obtained 
reddish-brown,  efflorescent  crystals,  Na6Cr2015.28H20.  The  subsequent  obser- 
vations of  0.  Wiede,  E.  H.  Riesenfeld  and  co-workers,  and  K.  A.  Hofmann  and 
H.  Hiendlmaier  have  shown  that  the  following  derivatives  of  the  oxidation 
products  of  chromic  acid  can  be  recognized  : 

Compounds  of  the  type : R3CrOs,  or  the  red  perchromates  or  triperchromates. — 
E.  H.  Riesenfeld  and  co-workers  discovered  that  these  compounds  are  formed 
when  an  alkaline  soln.  of  chromic  acid  is  treated  with  30  per  cent,  hydrogen  dioxide. 
For  example,  the  ammonium  salt,  (NH4)3.Cr08,  is  prepared  as  follows  : 

A mixture  of  50  c.c.  of  25  per  cent,  ammonia,  25  c.c.  of  50  per  cent,  chromic  acid,  and 
75  c.c.  of  water  is  cooled  until  ice  begins  to  separate  ; 25  c.c.  of  30  per  cent,  hydrogen 
dioxide  is  added,  drop  by  drop,  with  constant  shaking  and  keeping  the  temp,  below  0°. 
The  soln.  becomes  at  first  reddish-yellow,  and  then  brownish-black,  and  in  one  or  two  hours, 
crystals  of  the  ammonium  salt  separate  out.  These  are  washed  with  95  per  cent,  alcohol 
until  the  runnings  show  no  coloration  due  to  chromic  acid.  The  sail  is  dried  with  ether, 
or  on  a porous  tile.  The  sodium  and  potassium  salts  can  be  obtained  in  an  analogous 
manner. 

The  preparation  of  ammonium  triperchromate,  (NH40.0)3Cr02,  or  (NH4)3Cr08; 
or  red  ammonium  perchromate,  has  just  been  described.  E.  H.  Riesenfeld  and 
co-workers  said  that  the  salt  forms  reddish-brown,  doubly  refracting,  octahedral 
crystals.  The  salt  decomposes  when  heated  to  40°  forming  ammonium  chromate  ; 
and  at  50°  it  explodes  forming  chromic  oxide.  It  cannot  be  kept  more  than  2 days 
at  ordinary  temp,  without  losing  oxygen.  Percussion,  or  contact  with  sulphuric 
acid  results  in  an  explosion  with  the  formation  of  chromic  oxide  dust.  The  salt 
forms  a reddish-brown  soln.  with  a little  cold  water,  and,  in  the  presence  of  a little 
alkali,  it  can  be  kept  for  a day  without  decomposition  ; when  the  soln.  is  boiled 
it  forms  oxygen  and  chromate,  and  this  the  more  quickly,  the  smaller  the  cone,  of 
the  HO-ions.  If  the  soln.  be  acidified,  blue  perchromic  acid  is  formed,  and  this 
at  once  decomposes  into  oxygen  and  a chromic  salt,  without  forming  a chromate. 
The  salt  is  insoluble  in  alcohol  and  ether,  and  is  not  attacked  by  the  boiling  liquids. 
Alcohol  with  more  than  50  per  cent,  of  water  decomposes  the  salt  at  ordinary  temp, 
with  the  formation  of  chromate  and  aldehyde,  and  in  acidic  soln.  the  chromate  is 
reduced  at  the  same  time  to  a chromic  salt.  C.  W.  Balke  showed  that  the  salts 
are  isomorphous  with  the  corresponding  pertantalates.  The  isomorphism  between 
the  pertantalates,  percolumbates  and  perchromates  was  discussed  by  G.  Bohm. 
E.  H.  Riesenfeld  and  co-workers  prepared  sodium  triperchromate,  Na3Cr08 — 
possibly  with  H20 — as  previously  indicated.  The  reddish-yellow  plates  are 
doubly  refracting,  and  deliquescent;  The  salt  cannot  be  satisfactorily  dried  ; and 
it  is  preserved  in  an  atm.  sat.  with  water-vapour.  It  decomposes  explosively  at 
115°.  When  dried,  it  loses  oxygen  and  forms  a yellow  powder  possibly  NH3HCr08. 
It  is  slightly  soluble  in  cold  water,  and  insoluble  in  alcohol  and  ether.  E.  H.  Riesen- 
feld obtained  in  a similar  manner  potassium  triperchromate,  K3Cr08.  ^ The  dark 
red  prisms  are  doubly  refracting  and  slightly  pleochroic.  The  salt  was  kept  for  a 
month  without  decomposition ; it  does  not  decompose  by  percussion,  and  at  170  , 
it  slowly  gives  off  oxygen  and  forms  the  chromate.  It  decomposes  explosively 
at  178°,  or  in  contact  with  cone,  sulphuric  acid.  The  impure  salt  is  explosive. 
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The  salt  is  sparingly  soluble  in  water,  and  insoluble  in  alcohol  and  ether.  The 
f.p.,  and  the  electrical  conductivity  of  the  aq.  soln.  show  that  the  salt  is  com- 
pletely ionized. 

(2)  Compounds  of  Ike  type : RH2Cr07  or  RCr05.H202,  or  the  blue  perchrornates, 
or  diperchromates. — These  compounds  were  discovered  by  0.  Wiede.  They  are 
less  stable  than  the  red  perchrornates  and  are  formed  by  the  action  of  an  alcoholic 
soln.  of  an  alkali  on  the  blue  ethereal  soln.  of  perchromic  acid  at  — 5°  to  —10°. 
K.  A.  Hofmann  and  H.  Hiendlmaier  obtained  the  compound  by  the  action  of, 
say,  a soln.  of  ammonium  chromate  and  nitrate  on  hydrogen  dioxide ; and 
E.  H.  Riesenfeld  and  co-workers,  by  the  action  of  30  per  cent,  hydrogen  dioxide 
on  an  acidic  soln.  of  a chromate — for  example': 

The  ammonium  salt,  (NH4)H2Cr07,  is  formed  by  mixing  100  c.c.  of  water,  5 c.c.  of  cone, 
hydrochloric  acid,  10  grms.  of  ammonium  chloride,  10  c.c.  of  5 per  cent,  chromic  acid, 
and  25  c.c.  of  30  per  cent,  hydrogen  dioxide.  If  in  the  preparation  of  the  red  per- 
chromatos,  the  mixture  is  treated  with  hydrochloric,  oxalic  or  acetic  acid,  beforo  the 
addition  of  hydrogen  dioxide,  the  blue  perchrornates  are  formed. 

0.  Wiede,  K.  A.  Hofmann  and  H.  Hiendlmaier,  and  E.  H.  Riesenfeld  and  co- 
workers prepared  ammonium  diperchromate,  (H0,0)2(NH40)Cr02,  or  NH4H2CT07, 
or  blue  ammonium  perchromate,  as  just  indicated.  The  bluish-black  or  violet  crystals 
are  pleochroic  between  pale  reddish-brown  and  dark  bluish-violet.  If  moisture  be 
excluded,  the  salt  can  be  kept  some  days  without  decomposition,  but  it  gradually 
passes  into  ammonium  dichromate.  When  rapidly  heated,  the  salt  burns  with  a 
hissing  noise  forming  chromic  oxide  and  nitrogen  oxides.  The  salt  dissolves  in 
ice-cold  water  forming  a violet-brown  soln.  which  has  a neutral  reaction.  The 
cone.,  aq.  soln.  rapidly  decomposes  with  the  evolution  of  oxygen,  and  the  formation 
of  ammonium  dichromate  ; at  a higher  temp.,  the  reaction  proceeds  more  quickly 
still.  Dil.  sulphuric  acid  forms  a blue  soln.  which  quickly  decomposes  into  oxygen 
and  chromic  sulphate.  If  a layer  of  ether  be  poured  over  the  solid,  or  the  ice-cold 
soln.,  and  the  liquid  be  acidified  with  sulphuric  acid,  the  ether  extracts  the  blue 
perchromic  acid.  The  fixed  alkalies  act  like  water  ; with  aq.  ammonia,  a gas  is 
evolved  and,  with  cold  soln.,  the  end-product  is  chromium  triamminotetroxide. 
According  to  O.  Wiede,  the  diperchromate  is  insoluble  in  alcohol,  but  according  to 
E.  H.  Riesenfeld  and  co-workers,  it  is  somewhat  soluble  in  that  menstruum.  The 
salt  is  insoluble  in  ether,  ligroin,  and  chloroform.  Lead  acetate,  or  barium  chloride 
produces  a violet-brown  precipitate  which  soon  gives  off  gas  and  forms  the  yellow 
chromate  ; silver  nitrate  gives  a brownish-violet  coloration  which  immediately 
forms  reddish-brown  silver  chromate  ; ferric  chloride  gives  a grass-green  coloration 
which  when  heated,  or  allowed  to  stand,  becomes  yellow  with  the  evolution  of  gas  ; 
with  ferrous  sulphate,  gas  is  evolved  and  a yellow  soln.  is  formed  ; copper  sulphate 
is  without  action  ; and  potassium  permanganate  forms  a blood-red  soln.  which 
when  acidified  gives  off  oxygen,  and  deposits  a manganese  peroxide.  0.  Wiede, 
and  E.  H.  Riesenfeld,  prepared  potassium  diperchromate,  KH2Cr07,  in  an  analogous 
manner.  The  salt  forms  pleochroic  prisms — red,  and  violet.  The  dark  violet 
powder  detonates  a few  degrees  above  0°  ; the  crystals  are  more  stable,  but  they 
decompose  at  room  temp.  The  salt  dissolves  in  water,  forming  a brown  soln.  which, 
when  warmed,  gives  off  oxygen  and  forms  potassium  dichromate.  Its  reactions 
resemble  those  of  the  ammonium  salt. 

(3)  Compounds  of  the  type  : HCr05  with  an  organic  nitrogen  base,  or  monoper- 
chromates. — o.  Wiede  first  prepared  these  compounds,  which  are  blue  or  violet- 
in  colour,  and  assigned  to  them  the  formula  RCr03.H202.  E.  H.  Riesenfeld  showed 
that  they  are  to  be  regarded  as  complex  salts  of  perchromic  acid,  HCr05,  with 
an  organic  base — tetramethylammonium,  N(CH3)4Cr05,  aniline,  HCr05.C6H5.NH2, 
pyridine,  HCr05.C5H5N,  piperidine,  HCr05.C5HuN,  or  quinoline,  HCr05.C9H7N. 
0.  Wiede  obtained  them  by  the  addition  of  the  base  to  the  blue  ethereal  soln.  of 
perchromic  acid  cooled  to  0°.  E.  H.  Riesenfeld  obtained  the  pyridine  salt  as 
follows  : 
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A soln.  of  a gram  of  chromium  trioxide  in  100  c.c.  of  water  is  treated  with  10  grms. 
of  pyridine,  and  25  c.c.  of  a 3 per  cent.  soln.  of  hydrogen  dioxide  at  room  temp.  When  the 
mixture  is  allowed  to  stand  for  a short  time,  blue  crystals  of  HCr05.C6H6N  separate  out. 

0.  Wiede  prepared  tetramethylammonium  monoperchromate,  (CH3)4NCr06, 

in  violet,  prismatic  crystals,  which  form  a brown  soln.  with  water.  It  can  be  kept 
in  the  cold  for  some  days.  As  previously  indicated,  complex  salts  were  also  prepared 
with  aniline,  pyridine,  piperidine,  and  quinoline.  The  pyridine  salt  obtained  by 
0.  Wiede,  K.  A.  Hofmann  and  H.  Hiendlmaier,  and  E.  H.  Riesenfeld' and  co-workers 
furnished  blue,  rhombic  plates,  which  were  doubly  refracting,  and  pleochroic. 
The  salt  is  fairly  stable  when  dry,  but  in  moist  air,  it  slowly  decomposes  forming 
chromic  acid.  It  detonates  with  a small  rise  of  temp.,  or  by  contact  with  sulphuric 
acid.  Its  general  reactions  are  like  those  of  the  other  perchromates. 

(4)  Compounds  of  the  type : Cr04. 3AT/73,  or  complex  chromium  tetroxides. — 
These  compounds  were  also  discovered  by  0.  Wiede,  who  also  found  that  the  3 mols. 
of  ammonia  can  be  replaced  by  3 mols  of  potassium  cyanide  indicating  that  the  com- 
pound is  chromium  triamminotetroxide.  E.  H.  Riesenfeld  also  prepared 
2Cr04.5KCy.5H20,  or  K5[(Cr04)2(Cy)5].5H20  ; and  K.  A.  Hofmann  and  H.  Hiendl- 
maier, a compound  with  ethylene  diamine,  Cr04.C2H4N2.2H20,  and  one  with 
hexamethylenetnamine,  Cr04.C6H12N4.  0.  Wiede  prepared  the  triamminotetroxide 

by  shaking  100  c.c.  of  10  per  cent,  hydrogen  dioxide  with  a soln.  of  10  grms.  of 
chromium  trioxide  in  500  c.c.  of  water  with  500  grms.  of  ether  free  from  alcohol ; 
and  then  adding  50  c.c.  of  cold,  cone,  ammonia.  The  precipitate  which  forms 
can  be  recrystallized  from  aq.  ammonia.  K.  A.  Hofmann  and  H.  Hiendlmaier 
obtained  it  by  the  action  of  hydrogen  dioxide  on  an  ammoniacal  soln.  of  ammonium 
dichromate ; A.  Wesch  obtained  the  same  product  by  treating  ammonium  chromate 
in  a similar  way ; and  A.  Werner  added  hydrogen  dioxide  to  a cdld  mixture  of  a 
soln.  of  chromic  acid  and  pyridine  ; digested  the  precipitate  in  25  per  cent.  aq. 
ammonia  whereby  the  triammine  was  formed.  E.  H.  Riesenfeld  found  that  if 
red  ammonium  perchromate  is  treated  with  10  per  cent.  aq.  ammonia  at  40°,  the 
soln.  furnishes  acicular  crystals  and  rhombic  plates.  These  crystals  are  simply 
different  habits  of  the  same  chemical  individual,  and  do  not  represent  two  isomeric 
forms  assumed  to  exist  by  K.  A.  Hofmann  and  H.  Hiendlmaier.  E.  H.  Riesenfeld 
recommended  the  following  mode  of  preparation  : 

Add  drop  by  drop  5 c.c.  of  30  per  cent,  hydrogen  dioxide  to  a mixture  of  25  c.c.  of 
10  per  cent.  aq.  ammonia  and  5 c.c.  of  50  per  cent,  chromic  acid  at  0°.  When  the  liquid  has 
been  cooled  by  a freezing  mixture  for  an  hour,  it  is  heated  to  50°  until  the  rapid  evolution  of 
gas  has  ceased,  and  the  salt  has  nearly  all  dissolved.  The  filtered  soln.  is  cooled  to  0°, 
when  brown  needles  of  chromium  triamminotetroxide  separate  out. 

O.  Wiede,  K.  A.  Hofmann  and  H.  Hiendlmaier,  E.  H.  Riesenfeld  and  co-workers, 
A.  Werner,  and  A.  Wesch  prepared  chromium  triamminotetroxide,  Cr04.3NH3,  as 
previously  indicated.  The  salt  appears  in  brown,  doubly  refracting  prisms  ; when 
rapidly  cooled,  the  hot  soln.  furnishes  rectangular  plates.  0.  Wiede  reported  the 
axial  ratios  of  the  rhombic,  pyramidal  crystals  to  be  a : h : c = 1-0076  : 1 : 1-308. 
K.  A.  Hofmann  and  H.  Hiendlmaier  said  that  there  are  a-  and /3-forms  respectively 
with  prismatic  and  tabular  crystals  ; but  E.  H.  Riesenfeld  and  co-workers  showed 
that  both  forms  have  a sp.  gr.  1-964  at  15°,  and  have  identical  physical  properties  ; 
and  concluded  that  they  are  really  the  same  chemical  individual.  When  heated 
the  triamminotetroxide  detonates  and  becomes  incandescent  forming  chromic 
oxide.  Y.  Shibata  measured  the  absorption  spectrum.  Strong  acids  liberate 
oxygen  and  form  chromic  salts ; weak  acids — e.g.  acetic  acid — do  not  change  the 
crystals.  E.  H.  Riesenfeld  and  co-workers  added  that  the  amount  of  oxygen 
developed  depends  on  the  cone,  of  the  acid.  Thus,  with  dil.  acids,  most  of  the 
oxygen  is  set  free  as  a gas,  and  with  cone,  acids,  fully  half  the  oxygen  remains  in 
soln.  as  hydrogen  dioxide.  If  the  complex  salt  be  dissolved  in  aq.  ammonia,  and 
then  acidified,  a transient  blue  coloration  appears,  oxygen  is  evolved,  and  a green 
chromic  salt  soln.  is  formed.  When  the  complex  salt  is  treated  with  fixed  alkalies, 
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oxygen  and  ammonia  are  evolved,  and  chromate  is  formed.  The  triamminotetroxide 
dissolves  in  aq.  ammonia  forming  a brown  soln.,  and  likewise  also  in  water,  but 
with  partial  decomposition.  The  compound  is  insoluble  in  all  other  solvents 
tried.  When  0-1  grm.  is  covered  with. alcohol-free  ether,  and  a few  drops  of  dil. 
sulphuric  acid  are  added,  and  the  mixture  shaken,  oxygen  is  evolved  and  the 
ether  acquires  a blue  colour.  When  treated  with  potassium  cyanide,  the  triammino- 
tetroxide forms  Cr04.3KCy ; with  ethylenediamine,  CrO4.C2HgN2.2H2O  ; and 
with  hexamethylenetetramine,  Cr04.C6H12N4. 

The  four  types  of  compounds  are  closely  related  chemically  ; and  they  can  be 
transformed  one  into  the  other.  Thus,  if  an  aq.  soln.  of  (NH4)3Cr08  is  treated  with 
an  acid,  oxygen  is  evolved,  and  (NH4)H2Cr07  is  formed  as  a blue  soln.  and  precipi- 
tate. If  an  excess  of  pyridine  be  added  to  either  of  these  salts,  HCr05.C6H5N  is 
formed  ; and  when  any  of  these  three  salts  is  treated  with  an  excess  of  ammonia, 
the  most  stable  of  all  the  perchromates  is  produced,  namely  the  triamminotetroxide, 
Cr04.3NH3.  These  changes  can  be  all  regarded  as  a result  of  the  addition  or 
abstraction  of  hydrogen  dioxide.  The  formation  of  these  compounds  by  the 
action  of  hydrogen  dioxide  on  an  aq.  or  ethereal  soln.  of  chromic  acid  is  taken  by 
E.  H.  Riesenfeld  to  mean  that  the  blue  soln.  does  not  contain  one  chemical 
individual — -the  HCr05  of  0.  Wiede — but  rather  must  it  be  supposed  that  der 
Grundstoff  is  Cr04  associated  with  hydrogen  dioxide  to  form  2Cr04.wH20.2,  where 
n is  1,  3,  or  5.  Thus,  2Cr04+H202=2HCr05  ; 2Cr04+3H202=2H3Cr07  ; and 
2Cr01+5H202=2H20+2H3Cr08.'  .2.37 

Other  types  have  been  reported.  K.  A.  Hofmann  and  H.  Hiendlmaier  thought  that 
the  product  obtained  by  the  action  of  ammonium  chromate  on  hydrogen  dioxide  in  the 
presence  of  ammonia  had  the  composition  (NH4)2Cr06  or  Cr02(0.0NH4)2,  and  that  when 
treated  with  acetic  acid  it  furnished  blue  (NH4)HCr06  or  Cr02(O.ONH4)(O.OH)  ; but 
E.  H.  Riesenfeld  and  co-workers  showed  that  owing  to  defective  analytical  methods  the 
compound  with  the  assigned  formula  (NH4)2Cr06  is  identical  with  red  R,CrO,  ; and  that 
(NH4)HCr06  is  identical  with  O.  Wiede’s  blue  (NH4)H,CrO,.  H.  G.  Byers  and  E.  E.  Reid 
said  that  when  the  ethereal  -soln.  of  the  blue  perchromate  is  treated  with  potassium  at 
— 20°,  hydrogen  is  evolved  and  the  purplish-black  precipitate  produced  has  the  com- 
position potassium  perdiehromate,  KCrO,  or  K2Cr2Os.  It  is  unstable,  and  rapidly  decom- 
poses with  evolution  of  oxygen  and  the  formation  of  potassium  dichromate.  By  the 
addition  of  an  alcoholic  soln.  of  potassium  cyanide  to  the  blue  soln.,  O.  Wiede  obtained  a 
similar  compound  to  which  he  ascribed  the  formula  KCrOs.H202.  When  the  blue  soln. 
is  prepared  without  employing  an  excess  of  hydrogen  dioxide,  the  compound  obtained  on 
the  addition  of  potassium  cyanide  has  the  same  composition  as  that  produced  by  the 
action  of  potassium.  The  corresponding  sodium,  ammonium,  lithium,  magnesium,  calcium, 
barium,  and  zinc  perdichromates  were  prepared.  It  is  inferred,  therefore,  that  the  blue 
ethereal  soln.  contains  perdichromic  acid,  H2Cr2Os.  When  the  soln.  is  prepared  in  presence 
of  an  excess  of  hydrogen  dioxide,  it  is  probable  that  a more  highly  oxidized  compound  is 
also  produced.  These  conclusions  have  not  been  confirmed. 

J.  A.  Raynolds  and  J.  H-.  Reedy  obtained  a soln.  of  red  perchromic  acid  by  the 
action  of  30  per  cent,  hydrogen  dioxide  on  freshly-precipitated  chromic  hydroxide 
at  0° ; and  calcium  perchromate,  Ca3(Cr06)2.12H20,  by  adding  30  per  cent, 
hydrogen  dioxide  to  a sat.  soln.  of  calcium  chromate  at  —5°  to  0°,  or  by  mixing 
soln.  of  calcium  acetate  and  red  perchromic  acid.  The  dry  salt  is  a buff  powder 
which  explodes  at  100°,  and  when  treated  with  acid,  it  furnishes  blue  perchromic 
acid. 

The  constitution  of  the  perchromic  acids  has  been  investigated  by  E.  H.  Riesen- 
feld and  co-workers.  Cryoscopic  measurements  of  the  RgCrOg-salts  are  in  agree 
ment  with  the  simple  formula,  but,  owing  to  deviations  through  decomposition, 
and  ionization,  the  results  are  equally  in  agreement  with  the  doubled  formula. 
In  benzene  soln.,  the  HCr05-compounds  also  have  a mol.  wt.  in  agreement  with 
the  simple  formula  ; and  a similar  remark  applies  to  the  Cr04.3NH3-compounds 
in  aq.  soln.  Measurements  of  the  electrochemical  eq.  of  chromium  in  these  soln. 
were  unsatisfactory.  It  can  be  assumed  that  the  perchromates  contain  peroxidic 
oxygen  or  the  bivalent  02-group,  because,  although  hydrogen  dioxide  cannot  be 
detected  among  the  decomposition-products,  an  alkaline  soln.  of  gold  chloride,  or 
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potassium  permanganate  is  reduced  during  the  change.  These  reactions  are 
characteristic  of  hydrogen  dioxide. 

It  has  not  been  proved  whether  the  chromium  in  the  perchromates  is  sexivalent 
or  of  a higher  valency.  The  chromium  in  the  tetroxide  may  be  sexivalent  with 
a bivalent  (-O-O-)-group — e.g. : 


O 

O 


The  triamminotetroxide  can  be  formulated  with  the  peroxidic  oxygen  occupying 
one  position  in  the  co-ordinate  group  : 


rH,N  o 1 
H3N  Cr=0 
H3N  ^02 


This  explains  how  (i)  the  compound  decomposes  into  hydrogen  dioxide,  etc.,  when 
treated  with  acids  ; (ii)  the  treatment  with  an  aq.  soln.  of  potassium  cyanide 
furnishes  Cr04.3KCy  ; (iii)  the  formation  of  complex  chromium  ammincs  observed 
by  E.  H.  Riesenfeld  ; and  (iv)  the  treatment  with  hydrochloric  acid  in  acetic  acid 
soln.  furnishes  chromic  diehloroaquotriamminochloride 


CJ  H2°  I 

ci  (Nh3)3J 


Cl 


It  is  not  so  easy  to  deal  with  the  other  perchromates.  Excluding  H.  G.  Byers 
and  E.  E.  Reid’s  perdichromates,  the  perchromate  analogue  of  permonosulphuric 
acid,  H2S05,  and  perdisulphuric  acid,  H2S208,  have  not  been  prepared,  and 
consequently  the  arguments  valid  with  the  persulphates  cannot,  by  analogy,  be 
applied  to  the  perchromates.  If  the  formula)  be  doubled,  the  red  and  blue  per- 
chromates can  be  regarded  as  derivatives  of  sexivalent  chromium  : where  (H3Cr08)2 
becomes  (HO.O)3 : CrO.O.O.CrO(O.OH)3,  and  (HCr05)  becomes  HO.O.CrO*. 
O.O.CrOo.O.OH. 

There  is  no  serious  objection  to  this  mode  of  representing  the  composition  of 
H3Cr08  perchromate,  but  mol.  wt.  determinations  in  the  case  of  the  HCr05-per- 
chromate  are  against  the  doubled  formula.  Consequently  the  chromium  probably 
has  a valency  higher  than  six.  If  nonivalent,  HCT05  becomes  (0=)4Cr.0.0H  ; 
H3Cr07  becomes  (0=)3Cr(0H)2.0.0H ; and  H3Cr08  becomes  (0=)3Cr(0Hl 
— (O.OH)2  ; and  if  septivalent, 


()->  Cr-O.OH 
0 


o-r \ 


O.OH 

-O.OH 

OH 


°\ 

0/ 


O.OH 
Cr  —O.OH 
O.OH 


Monoperchromic  acid,  lICr05.  Dipcrchromic  acid,  H3C'r07.  Triperchromic  acid,  H8C'r()8. 

The  distinction  between  septivalent  and  nonivalent  chromium  turns  on  the  number 
of  peroxidic  or  —O.OH  radicles.  It  is  not  possible  to  determine  the  number  of 
peroxidic  groups  in  acidic  or  alkaline  soln.  of  the  perchromate  by  means  of  potassium 
permanganate,  because  they  decompose  so  rapidly.  The  red  perchromates  do  not 
react  with  permanganate  in  strongly  acid  soln.,  but  in  alkaline  soln.  the  amount 
of  permanganate  reduced  increases  with  the  alkalinity  of  the  soln.  to  a maximum 
of  5’5  eq.  Some  peroxidic  oxygen  probably  escapes  without  acting  on  the  per- 
manganate so  that  it  is  assumed  that  a mol.  of  the  salt  gives  rise  to  3 mols.  of 
hydrogen  dioxide.  The  escape  of  oxygen  without  reducing  the  permanganate  is 
shown  by  the  fact  that  no  appreciable  reduction  occurs  when  the  red  perchromates 
are  decomposed  by  strongly  acidic  soln.  of  permanganate,  although  oxygen  is 
evolved  ; and  by  the  fact  that  the  blue  perchromates  are  similarly  decomposed  in 
acidic  or  alkaline  soln.  of  permanganate  but  only  a trace  of  reduction  occurs.  This 
means  that  there  arc  three  peroxidic  groups  in  H3Cr08  ; and  this  favours  the 
hypothesis  that  in  the  blue  perchromates  the  chromium  is  septivalent.  This  makes 
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the  IlgCrOg-acid.  triperchromic  acid,  (H0.0)3Cr02 ; the  H3Cr07-acid,  diperchromic 
acid,  (H0.0)2(H0)Cr02 ; and  the  HCr05-acid,  monoperchromic  acid,  (H0.0)Cr03. 
A.  R.  y Miro  found  that  triperchromic  acid,  H3CrOg,  instead  of  consuming  5 mols 
of  oxygen  per  mol  of  dichromate  in  the  reaction  2Cr08"+12H‘=2Cr ''-I-6H2O4-5O2 
actually  furnishes  4-6  to  6-5.  This  is  explained  by  assuming  the  formation  of  an 
acid  analogous  to  HCr05.  Septivalent  chromium  is  not  in  harmony  with  the 
position  of  chromium  in  the  periodic  table  ; and  it  makes  chromium  an  exception 
to  the  other  elements  forming  per-acids.  If  H0.0.Cr(=0)3  be  the  hydrogen 
dioxide  derivative  of  a chromic  acid,  H0.Cr(=0)3,  the  acid  is  analogous  with  per- 
manganic acid,  H0.Mn(=0)3.  This  analogy  is  supported  by  the  isomorphism 
between  the  chromates  and  manganates ; and  between  the  chromium  and 
manganese  alums. 
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§ 20.  Chromium  Fluorides 

C.  Poulenc 1 prepared  chromium  difluoride,  or  chromous  fluoride,  CrF2,  by 
the  action  of  hydrogen  fluoride  on  red-hot  chromium  ; and  by  the  action  of 
hydrogen  fluoride  on  chromous  chloride  at  ordinary  temp.  A.  Mourlot  obtained 
it  by  the  action  of  hydrogen  fluoride  on  chromous  sulphide.  6.  Herrmann  did 
not  obtain  good  yields  in  the  electrolytic  reduction  of  chromic  fluoride  soln. 
K.  Jellinek  and  A.  Rudat  found  that  the  difluoride  is  produced  by  heating  the 
trifluoride  in  hydrogen : 2CrF3-J-H2^2CrF2-t-2HF.  According  to  C.  Poulenc, 
chromous  fluoride  forms  a grey  mass  which  consists  of  monoclinic  crystals  of  sp.  gr. 
4-11.  The  salt  is  reduced  by  hydrogen  at  a red-heat.  K.  Jellinek  and  A.  Rudat 
found  that  in  the  reaction  CrF2+H2^Cr-f-2HF,  at  the  absolute  temp.  873°,  973°, 
and  1073°,  the  values  of  log  (p2 HF/^H  ) are  respectively  .—3-70,  —3-02,  and 
-2-56  ; those  of  log  (piif/ph2Pf2),  33-12,  29-83,  and  27-15  ; and  log  p-p2,  —36-82, 
-32-85,  and  —29-50,  where  pp2  is  the  vap.  press,  of  the  difluoride.  The  heat  of 
formation  is  152  Cals.  C.  Poulenc  observed  that  the  difluoride  is  transformed  into 
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chromic  oxide  when  heated  in  air.  It  is  sparingly  soluble  in  water.  Boiling 
hydrochloric  acid  dissolves  the  salt ; and  at  a red-heat,  hydrogen  sulphide  forms 
chromous  sulphide.  The  salt  is  but  slightly  attacked  by  hot  sulphuric  acid,  or  dil. 
nitric  acid  ; it  is  insoluble  in  alcohol ; and  forms  chromic  oxide  and  finally  chromate 
when  fused  with  alkali  carbonates. 

W.  Traube  and  co-workers  prepared  ammonium  chromous  fluoride, 
NH4CrF3.2H20,  from  soln.  of  chromous  acetate  and  ammonium  hydrofluoride 
dissolved  in  very  little  water.  The  soln.  gradually  deposits  a pale  blue  powder 
which  is  fairly  stable  in  dry  air,  and  forms  a pale  blue  soln.  with  water.  Dil.  nitric 
acid  oxidizes  it  with  the  evolution  of  nitrogen  oxides.  They  also  prepared 
potassium  Chromous  fluoride,  KCrF3,  in  an  analogous  manner. 

If  dry  chromic  oxide,  not  previously  calcined,  be  treated  with  an  excess  of 
hydrofluoric  acid,  and  the  soln.  evaporated  to  dryness  and  strongly  heated, 
chromium  trifluoride,  or  chromic  fluoride,  CrF3,  is  formed.  H.  St.  C.  Deville 
obtained  it  by  passing  hydrogen  fluoride  over  a mixture  of  fluorspar  and  chromic 
oxide  heated  to  redness  in  a carbon  tube  ; and  C.  Poulenc  said  that  by  heating 
anhydrous  chromic  chloride,  hydrated  chromic  fluoride  or  amorphous  chromic 
fluoride,  to  1200°  in  a current  of  hydrogen  fluoride,  when  crystals  of  anhydrous 
chromic  fluoride  are  formed.  The  dark  green,  needle-like  crystals  were  found  by 
C.  Poulenc  to  have  a sp.  gr.  of  3-78,  and  to  melt  over  1000°.  H.  St.  C.  Deville  said 
that  the  salt  melts  at  a high  temp.,  and  volatilizes  only  a little  at  the  m.p.  of  steel ; 
it  sublimes  at  the  highest  temp,  of  the  gas-blowpipe,  forming  regular  octahedra. 
C.  Poulenc  found  that  the  salt  sublimes  at  1100°-1200°.  A.  Speransky  found  that 
the  lowering  of  the  f.p.  in  cone.  aq.  soln.  corresponds  with  the  existence  of 
both  simple  molecules,  CrF3,  and  doubled  molecules,  Cr2F6.  E.  Petersen  gave  for 
the  heat  of  formation  in  aq.  soln.,  Cr203+ 6HFaq.=2CrF3aq.-(-3H2O-(-50-3  Cals. 
H.  von  Wartenberg  gave  (Cr,|F2aq.)=171-3  Cals,  for  the  anhydrous  trifluoride. 
G.  Magnanini  studied  the  absorption  spectrum  ; and  A.  Speransky  found  that  the 
electrical  conductivity  of  aq.  soln.  shows  that  only  a small  proportion  of  the  salt  is 
ionized.  The  soln.  of  the  violet  modification  conducts  electricity  three  times  better 
than  that  of  the  green.  G.  Gore  electrolyzed  a cone.  soln.  of  chromic  fluoride  acidified 
with  hydrofluoric  and  hydrochloric  acids,  and  found  that  the  liquid  became  hot ; no 
gas  was  liberated  at  the  cathode,  but  chlorine  and  ozone  were  liberated  at  the 
platinum  anode  which  was  not  corroded.  C.  Poulenc  showed  that  the  salt  is  reduced 
by  hydrogen  at  dull  redness.  The  heat  of  formation  is  230-95  Cals,  per  mol — vide 
infra,  the  dichloride.  Steam  transforms  chromic  fluoride  into  chromic  oxide. 
Chromic  fluoride  is  insoluble  in  water,  and  alcohol ; hydrogen  chloride  transforms 
it  into  chromic  chloride ; hot  hydrochloric,  sulphuric,  and  nitric  acids  attack 
chromic  fluoride  only  a little  ; hydrogen  sulphide  converts  it  into,  black  sulphide  ; 
and  molten  alkali  nitrate  or  carbonate  converts  it  into  chromate.  A.  Costachescu 
prepared  complex  pyridine  salts. 

According  to  J.  J.  Berzelius,  brown  chromic  chromate  forms  a rose-coloured 
soln.  when  treated  with  hydrofluoric  acid ; and  the  soln.  dries  to  a rose-coloured 
salt  which  dissolves  in  water  and  gives  a brown  precipitate  with  ammonia. 
E.  Petersen  observed  that  if  chromium,  or  hydrated  chromic  oxide  be  dissolved 
in  hydrofluoric  acid,  and  the  soln.  evaporated,  there  remains  a green,  crystalline 
mass,  soluble  in  water.  G.  Herrmann  studied  the  electrolytic  reduction  of  soln. 
of  chromic  fluoride.  A.  Werner  and  W.  Costachescu  obtained  the  insoluble  green 
trihydrate,  CrF3.3H20,  or  [Cr(H20)6]CrF6,  by  heating  the  hexahydrate  with  water 
on  a water-bath.  That  part  which  becomes  insoluble  is  the  trihydrate.  It  is  also 
formed  by  heating  the  hemiheptahydrate  to  105°.  C.  Poulenc,  obtained  the 
hemiheptahydrate,  CrF3.3|H20,  by  pouring  an  aq.  soln.  of  the  fluoride  into  hot 
alcohol.  The  salt  is  a green  crystalline  powder  which  can  be  obtained  in  small 
prisms  by  allowing  the  soln.  to  diffuse  slowly  into  one  another.  It  is  soluble  in 
water.  A.  Werner  and  W.  Costachescu  obtained  another  form  of  the  hemihepta- 
hydrate by  double  decomposition  between  the  hexahydrated  chloride  and 
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ammonium  chromium  hexafluoride.  The  pale  green,  crystalline  powder  loses  a 
mol.  of  water  at  105°.  This  salt  is  represented  by  the  formula  [Cr(H20)e]CrF3].H20, 
and  it  is  considered  to  be  isomeric  with  the  tetrahydrate,  which  is  regarded  as  the 
monohydrated  chromic  triaquofrifluoride,  [F3^Cr=(H20)3]H20,  whose  aq.  soln. 
has  an  acid  reaction,  and  does  not  give  the  reactions  of  fluorides.  The  electrical 
conductivities  of  a mol  of  the  salt  in  100,  500,  and  1000  litres  of  water  are,  respec- 
tively, 22,  26-6,  and  31-0.  A.  Loesche’s  analysis  corresponds  with  Cr3F8.llH204,  or 
CrF2.Cr2F6.llH20.  A.  Hiendlmayr  prepared  chromic  aquopentamminotrifluoride, 
[Cr(NH3)5(H20)]F3,  by  the  action  of  hydrofluoric  acid  on  the  corresponding 
hydroxide.  If  the  yellow  compound  be  allowed  to  stand  in  contact  with  its  mother- 
liquor,  it  furnishes  chromic  fluopentamminodifluoride,  [Cr(NH3)5F]F2,  as  a flesh- 
coloured  precipitate  which  dries  to  a carmine-red  powder.  R.  Kopp  obtained 
what  he  regarded  as  a tetrahydrate,  from  a soln.  of  hydrated  chromic  oxide  in 
hydrofluoric  acid,  and  he  recommended  it  for  use  as  a mordant.  It  was  probably 
imperfectly  dried  hemiheptahydrate.  A.  Werner  and  W.  Costachescu  treated  a 
soln.  of  20  grms.  of  violet  chromic  nitrate  in  the  smallest  possible  quantity  of 
water,  with  a cone.  soln.  of  8-69  grms.  of  potassium  fluoride,  and  washed  the 
crystalline  mass  of  violet  hexahydrate,  CrF3.6H20,  or  chromic  hexaquofluoride, 
[Cr(H20)6]F3.  The  salt  was  dried  first  by  press,  between  bibulous  paper,  and 
afterwards  in  a desiccator  for  3-4  days  over  cone,  sulphuric  acid.  The  salt  loses 
3 mols.  of  water  at  60°-70°  in  8 hrs.,  and  more  at  a higher  temp.,  and  it  then  decom- 
poses. The  salt  is  sparingly  soluble  in  water,  and  is  hydrolyzed  in  aq.  soln.  The 
electrical  conductivity,  p.  mhos,  of  a mol  of  the  salt  in  v litres  at  18°,  is  /x=152-l 
for  v=100 ; /a=196-5  for  u=500 ; and  p,= 223  for  ^=1000 — about  half  that  of 
the  violet  chloride.  The  conductivity  does  not  change  with  time.  When  treated 
with  sulphuric  acid,  it  forms  chromic  hexaquosulphate.  When  the  moist  crystals 
are  kept,  they  pass  into  the  enneahydrate,  CrF3.9H20,  or  [Cr(H20)6]F3.3H20. 
The  conversion  occurs  spontaneously  when  the  crystals  are  washed,  or  pressed 
slightly  with  a spatula.  G.  Fabris  prepared  the  enneahydrate,  by  treating  a soln. 
of  violet  chromic  sulphate  with  ammonium  fluoride — not  in  excess.  When  the 
salt  is  heated,  water  is  evolved,  and  the  residue  is  green.  The  violet  crystals  are 
sparingly  soluble  in  water ; and  insoluble  in  alcohol,  and  in  a soln.  of  ammonium 
fluoride  ; the  soln.  in  hydrochloric  acid  is  violet ; that  in  potash-lye  is  green. 
F.  Hein  and  co-workers,  and  R.  Weinland  and  W.  Hiibner,  studied  some  complexes 
with  organio  compounds.  F.  Pintus  prepared  the  complex  with  pyridine,  chromic 
tripyridinofluoride,  [CrPy3F3] ; and  E.  Wilke-Dorfurt  and  H.  G.  Mureck,  chromic 
hexantipyrinoborofluoride,  [Cr(COC10H12N2)6](BF4)3. 

J.  J.  Berzelius  .prepared  ammonium,  potassium,  and  sodium  chromium  fluorides 
as  green  sparingly  soluble  powders,  but  he  did  not  give  an  analysis.  R.  Wagner 
found  that  ammonium  chromium  pentafluoride,  (NH4)2CrF5.H20,  is  formed  when 
ammonia  is  passed  into  an  aq.  soln.  of  chromic  fluoride,  and  the  product  extracted 
with  absolute  alcohol.  Emerald-green,  octahedral  crystals  are  formed  by  treating 
the  product  with  hydrofluoric  acid.  A.  Werner  and  A.  Gubser  represent  this  salt 
as  ammonium  aquopentafluoride,  [Cr(H20)F5](NH4)2.  R.  Wagner,  A.  Werner 
and  W.  Costachescu,  and  E.  Petersen  obtained  ammonium  chromium  hexafluoride, 
3NH4Cl.CrF3,  by  mixing  soln.  of  chromic  and  ammonium  fluorides  ; H.  von  Helmolt, 
by  the  action  of  a hot  soln.  of  ammonium  fluoride  on  freshly  precipitated  chromic 
oxide  ; and  G.  Fabris,  by  warming  violet  chromic  sulphate  with  an  excess  of 
ammonium  fluoride.  The  green,  octahedral  crystals  are  freely  soluble  in  water, 
and  sparingly  soluble  in  a soln.  of  ammonium  fluoride.  A.  Werner  and  A.  Gubser 
represent  this  salt  by  the  formula  [CrF6](NH4)3.  R.  F.  Weinland  and  co-workers 
prepared  the  guanidine  salt,  [CrF6]H3.3CH5N3.  R.  Wagner  prepared  sodium 
chromium  pentafluoride,  2NaF.CrF3.|H20,  as  a green,  sparingly  soluble  powder, 
from  a mixed  soln.  of  sodium  and  chromic  fluorides.  A.  Moberg  observed  that  a 
soln.  of  chromic  fluoride  gives  a green  precipitate  when  treated  with  potassium 
fluoride.  O.  T.  Christensen,  and  R.  Wagner  prepared  potassium  chromium 
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pentafluoride,  2KF.CrF3.H20,  in  green  crystals,  insoluble  in  water,  and  soluble  in 
cone,  hydrochloric  acid.  0.  T.  Christensen,  and  C.  Poulenc  also  prepared  potassium 
chromium  hexafluoride,  K3CrF6,  from  a mixed  soln.  of  chromic  fluoride  and  potas- 
sium hydrofluoride,  or  by  melting  a mixture  of  these  two  salts,  and  extracting  the 
mass  with  hydrofluoric  acid.  A.  Duboin  obtained  crystals  of  the  salt  by  adding 
chromic  oxide  or  fluoride  to  molten  potassium  hydrofluoride.  The  green  crystals 
of  the  complex  salt  have  a sp.  gr.  2-93  at  0°.  The  green  crystals  are  insoluble  in 
water,  and  are  not  decomposed  by  a boiling  soln.  of  sodium  carbonate.  A.  Duboin 
said  that  the  crystals  are  freely  soluble  in  nitric  and  hydrochloric  acids.  G.  0.  Higley 
prepared  copper  chromium  pentafluoride,  CuCrF5.5H20,  by  evaporating  a soln.  of 
eq.  molar  proporti  ns  of  copper  and  chromium  fluorides  in  hydrofluoric  acid  ; 
and  recrystallization  from  hydrofluoric  acid.  The  salt  loses  water  at  200°.  He 
also  obtained  zinc  chromium  pentafluoride,  ZnCrF5.7H20,  in  an  analogous  manner. 
F.  Ephraim  and  P.  Barteczko  prepared  thallous  chromium  enneafluoride, 
3TlF.20rF3,  by  evaporating  a mixed  soln.  of  chromic  and  thallous  fluorides.  It 
forms  a green,  crystalline  powder. 
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§ 21.  Chromium  Oxyfluorides 

0.  Unverdorben  1 prepared  what  was  thought  to  be  a higher  chromium  fluoride 
by  distilling  in  a platinum  or  lead  retort  a mixture  of  equal  parts  of  lead  chromate 
and  fluorspar  and  3 parts  of  fuming  sulphuric  acid.  H.  Rose  employed  potassium 
dichromate  instead  of  lead  chromate.  It  was  discovered  by  V.  Oliveri,  in  1886,  that 
the  product  is  not  chromic  fluoride  at  all,  but  rather  chromium  dioxydifluoride, 
Cr02F2.  The  bivalent  Cr02-radicle  is  sometimes  called  the  chromyl-radicle,  so 
that  the  compound  is  also  named  chromyl  fluoride.  W.  P.  Evans  used  0.  Unver- 
dorben’s  process  ; and  C.  L.  Jackson  and  G.  T.  Hartshorn,  and  V.  Oliveri,  H.  Rose’s 
process.  0.  Ruff  heated  antimony  pentafluoride  and  chromyl  chloride  and  obtained 
a yellow  gas  thought  to  be  chromyl  fluoride.  The  red  vapour  of  chromyl  fluoride, 
said  O.  Unverdorben,  produces  severe  oppression  of  the  lungs  ; and  J.  B.  A.  Dumas 
found  that  when  cooled,  the  vapour  condenses  to  a red  liquid.  0.  Unverdorben 
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observed  that  the  vapour  is  decomposed  by  water  with  the  evolution  of  heat 
forming  chromic  and  hydrofluoric  acids  ; and  when  exposed  to  air,  it  forms  a 
yellow  cloud,  and  deposits  crystals  of  chromium  trioxide.  Chromyl  fluoride 
combines  with  ammonia  ; it  converts  arsenic  trioxide  into  arsenic  trifluoride  and 
chromium  trioxide  ; boric  oxide  forms  boron  trifluoride  and  chromium  trioxide  ; 
and  silica  and  even  glass  form  silicon  tetrafluoride  and  chromium  trioxide.  Organic 
substances  are  destroyed  by  the  vapour ; alcohol  and  ether  form  chromium 
trifluoride  ; and  F.  Wohler  said  that  when  the  vapour  is  passed  into  absolute  alcohol 
a brownish-green  powder  is  deposited  and  heat  is  evolved.  C.  L.  Jackson  and 
G.  T.  Hartshorn  found  that  benzoic  acid  is  converted  into  difluobenzoic  acid ; 
and  V.  Oliveri,  that  toluene  reacts  as  in  the  case  of  chromyl  chloride,  forming  a 
black  mass,  which,  with  water,  gives  benzaldehyde.  0.  Unverdorben  found  that 
mercury  slowly  decomposes  the  vapour  of  chromyl  fluoride  ; and  W.  P.  Evans 
found  that  zinc  or  sodium  reduces  the  vapour  to  chromium  ( q.v .). 

L.  Varenne  treated  a nitric  acid  soln.  of  ammonium  trichromate  with  hydro- 
fluoric acid,  and  obtained  red,  efflorescent  crystals  of  ammonium  dichromyl  tetra- 
fluochromate,  (NH4)2Cr04.2Cr02F2.  The  crystals  attack  glass ; and  they  are 
decomposed  by  acids,  forming  hydrofluoric  and  chromic  acids.  If  ammonium 
dichromate  be  used  instead  of  the  trichromate,  L.  Varenne  obtained  ammonium 
chromyl  difluochromate,  (NH4)2Cr04.Cr02F2,  which  can  be  regarded  as  ammonium 
fluochromate,  NH4Cr03F,  the  salt  of  a hypothetical  fluochromic  acid,  H0rO3.F. 
The  red  crystals  change  slowly  when  exposed  to  air  ; they  attack  glass  ; and  are 
decomposed  by  heat.  A.  Werner  2 represented  the  salt  by  NH4[Cr03F].  A.  Streng 
boiled  potassium  dichromate  with  cone,  hydrofluoric  acid,  and  on  cooling  the  clear 
soln.,  obtained  ruby-red  crystals  of  potassium  fluochromate,  KCr03F.  L.  Varenne 
obtained  the  salt  by  a similar  process  ; and  A.  Ditte,  by  cooling  a hot  soln.  of 
potassium  fluoride  and  chromic  acid  in  eq.  proportions.  A.  Streng,  and  L.  Varenne 
said  that  the  crystals  become  reddish-yellow  and  melt  when  exposed  to  air  ; they 
cannot  be  preserved  in  glass  vessels  ; they  melt  when  heated,  forming  a dark  brown 
liquid,  and  at  a red-heat  lose  11  per  cent,  in  weight ; at  a still  higher  temp,  in  glass 
vessels,  oxygen  is  evolved  and  silicon  tetrafluoride  is  formed.  A.  C.  Oudemans 
said  that  the  salt  decomposes  as  in  the  analogous  case  of  the  chlorochromates. 
A.  Streng,  and  L.  Varenne  found  that  the  sail  is  soluble  in  water,  and  boiling  water 
converts  the  salt  into  potassium  dichromate  and  hydrofluoric  acid.  The  salt  can 
be  recrystallized  from  a little  water  ; with  sulphuric  acid  it  forms  hydrofluoric  and 
chromic  acids  ; and  with  alkalies,  potassium  fluoride  and  chromate  are  formed. 
F.  Olsson  prepared  potassium  dioxy difluochromate,  KF.CrO2F.H2O,  as  a 
yellowish-brown  precipitate  by  adding  an  aq.  soln.  of  4Cr03.Cr203  to  an  excess  of 
a soln.  of  potassium  fluoride  in  40  per  cent,  hydrofluoric  acid  at  0°.  This  is  thought 
to  be  a complex  containing  quinquevalent  chromium. 

R.  Weinland  and  H.  Staelin  prepared  a series  of  fluochromates  which  are 
represented  on  the  co-ordination  theory  by  the  formulae  H[Cr03F]  in  the  simplest 
case,  analogous  to  H2[Cr04]  for  the  chromates.  The  fluochromates  are  represented 
by  pyridine,  quinoline,  guanidine  and  tetramethylammonium  fluochromate, 
[Cr03F]N(CH3)4;  and  by  silver  fluochromate,  Ag[Cr03F],  obtained  as  a dark  red, 
sparingly  soluble  powder  by  mixing  a soln.  of  chromic  acid  with  hydrofluoric  acid, 
and  silver  acetate.  They  prepared  thallous  fluochromate,  Tl[Cr03F],  in  an 
analogous  way  as  a brownish-yellow  powder  sparingly  soluble  in  water.  . Com- 
paring the  formula,  H[Cr03F],  with  those  for  the  polychromic  acids — vide  supra — 
there  follow  : 


H 

r (Cr04)l 
Cr  0, 

T (Ct04)2-1 
H Cr  0 

F 

L F J 

Fluodichromates.  Fluotrichroraate9. 


The  fluodichromates  are  represented  by  ethylenediamine  fluodichromate, 
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H[Cr(CT04)(02)F].en  ; and  the  fluotrichromates  by  pyridine  and  quinoline  fluotri- 
chromates.  A.  Hiendlmayr 3 prepared  chromic  fluopentamminochromate, 
[Cr(NH3)5FJCr04,  from  a cone.  soln.  of  the  fluoride  and  potassium  chromate. 
R.  Weinland  and  co-workers  prepared  complex  salts  of  the  fluoride  with  pyridine, 
o-toluidine,  guanidine,  and  aniline. 
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§ 22.  Chromium  Chlorides 

F.  Hein  and  co-workers,1  and  F.  Pintus  obtained  evidence  of  the  formation  of  a 
transient  chromium  monochloride,  CrCl,  in  their  study  of  the  action  of  magnesium 
phenyl  bromide  on  chromic  chloride : 4Mg(C6H5)Br-|-3CrCl3=Cr(C6H5)4Cl-|-2MgBr.> 
+2MgCl2+2CrCl2 ; followed  by  4CrCl2+4Mg(C6H5)Br=Cr(C6H6)4Cl+3CrCl 
+2MgCl2-f-2MgBr2- — the  initial  evolution  of  hydrogen  as  attributed  to  the  action 
of  the  monochloride. 

A.  Moberg  prepared  chromium  dichloride,  or  chromous  chloride,  CrCl2,  by 

passing  dry  hydrogen  over  heated  violet  chromic  chloride  as  long  as  hydrogen 
chloride  is  given  off.  If  the  temp,  be  too  high,  A.  Moberg,  W.  Gregory,  and 
J.  J.  Berzelius  found  that  chromium  is  produced.  The  hydrogen  must  be  freed 
from  traces  of  oxygen  : to  do  this,  A.  Moberg  passed  the  hydrogen  over  heated 
spongy  platinum,  while  E.  M.  Peligot  scrubbed  the  gas  with  a soln.  of  stannous 
chloride  in  potash-lye.  E.  M.  Peligot  observed  that  it  may  be  formed  at  the  same 
time  as  the  trichloride  when  dry  chlorine  is  passed  over  a red-hot  mixture  of 
chromic  oxide  and  charcoal.  C.  E.  Ufer,  H.  Moissan,  and  I.  Koppel  obtained 
chromous  chloride  by  passing  hydrogen  chloride  over  chromium  at  a high  temp. 
T.  Doring  showed  that  the  reaction,  2CrCl3+H2=2HCl+2CrCl2,  is  irreversible. 
H.  Moissan  also  obtained  chromous  chloride  by  heating  chromic  chloride  in  the 
vapour  of  ammonium  chloride  ; and  A.  Recoura,  by  dehydrating  the  hydrates  at 
250°  in  a current  of  nitrogen — W.  A.  Knight  and  E.  M.  Rich  worked  at  180°  in 
vacuo.  F.  Wohler  observed  that  an  aq.  soln.  of  chromous  chloride  is  formed  by 
dissolving  chromium  in  hydrochloric  acid  ; H.  Lowel,  H.  Moissan,  and  A.  Recoura, 
by  reducing  a soln.  of  chromic  chloride  with  zinc  ; and  K.  Someya,  by  reducing 
soln.  of  chromic  salts  with  zinc-  or  lead-amalgam.  G.  Herrmann  studied  the 
electro-reduction  of  soln.  of  chromic  chloride  to  chromous  chloride  and  obtained 
the  following  yields  at  50°-60°  : 


Current  density  . 1 2 

. | Pt  electrode  .16  35 

Efficiency  | pb  electrode  95  81 


3 4 5 amps. 

67  50  25  per  cent. 

65  45  25  „ 


W.  Traube  and  co-workers  prepared  cone.  soln.  of  chromous  chloride  by  the  pro- 
longed electrolytic  reduction  of  aq.  soln.  of  green  chromic  chloride,  using  lead 
plates  as  electrodes  and  employing  a current  desnity  of  0-175  amp.  per  sq.  dm. 
The  electrolysis  of  chromous  chloride  soln.,  using  an  iron  cathode,  results  in  the 
formation  of  a cathodic  deposit  of  metallic  chromium  mixed  with  chromium  oxides. 
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W.  Traube  and  A.  Goodson  protected  the  soln.  from  air  during  electrolysis  by 
covering  them  with  light  petroleum  ; they  found  that  the  most  favourable  con- 
ditions for  the  economic  reduction  are  the  electrolysis  of  the  violet  chromic  salts 
in  moderately  acid  cone,  soln.,  using  a lead  cathode,  and  a current  density  of  about 
2-5  amp.  per  sq.  dm.  The  more  common  green  salts,  in  aq.  soln.,  require  a greater 
expenditure  of  current  than  the  violet  salts,  but  they  yield  much  more  cone.  soln. 
and  are,  therefore,  more  suitable  in  the  end  for  the  production,  at  any  rate,  of  soln. 
rich  in  chromous  salts  but  not  entirely  free  from  chromic  salts.  The  same  slower 
reduction  of  the  green  complexes  is  observed  when  soln.  are  treated  with  zinc. 
M.  C.  Taylor  and  co-workers  found  that  in  a two-compartment  cell  with  a spiral, 
spongy  lead  cathode,  and  five  graphite  anodes,  a soln.  of  chromic  chloride  is 
reduced  to  chromous  chloride.  With  a total  cathode  surface  of  1-24  sq.  dm.  and 
a current  of  1*6  amps,  a current  efficiency  of  96  per  cent,  may  be  obtained  over 
the  period  required  to  reduce  87  per  cent,  of  the  chromium  if  the  soln.  is  rapidly 
stirred  and  if  the  current  is  reduced  when  hydrogen  commences  to  be  evolved. 
With  an  unchanged  current  the  efficiency  is  only  53  per  cent,  for  the  same  amount 
of  reduction.  F.  Hein  and  co-workers  found  that  phenyl  magnesium  bromide 
reacts  with  chromic  chloride,  forming  chromous  chloride,  3CrCl3+ 4C6H5MgBr 
=(C6H5)4CrC1^2MgBr2-f2MgCl2-f-2CrCl2 ; and  that  the  reduction  proceeds 
further,  forming  chromium  monochloride,  CrCl,  thus,  4CrCl2-f4C6H5MgBr 
— (C6H5)4CrCl-l-3CrCl+2MgCl2+2MgBr2.  jj.  Moissan  said  that  if  the  aq.  soln. 
be  evaporated,  it  deposits  crystals  of  the  hexahydrate ; but  A.  Recoura,  and 
W.  A.  Knight  and  E.  M.  Rich  observed  that  it  is  the  tetrahydrate  that  is  formed 
under  these  conditions — vide  infra. 

Analyses  of  the  anhydrous  salt  were  made  by  A.  Moberg,  H.  Moissan, 
E.  M.  Peligot,  and  A.  Recoura.  K.  Someya  discussed  the  colour  of  chromous  salt 
soln.  Chromous  chloride  may  furnish  white  pseudomorphs  after  chromic  chloride  ; 
it  may  form  white  needles  ; or  colourless  radiating  masses.  F.  W.  Clarke  and 
J.  P.  Grabfield  gave  2-751  for  the  sp.  gr.  at  14°/4°  ; and  W.  Biltz  and  E.  Birk, 
2-878  at  25°/4°.  For  the  mol.  vol.,  vide  infra,  hydrated  chromic  chloride.  A.  Moberg 
said  that  the  salt  is  readily  melted.  L.  F.  Nilson  and  0.  Pettersson  found  the  vap. 
density  (air  unity)  to  be  7-80  between  1300°  and  1400° ; 7-27  between  1400°  and 
1500° ; and  6-22  between  1500°  and  1600°.  The  theoretical  value  for  CrCl2  is 
4-256.  The  decrease  which  occurs  with  a rise  of  temp,  indicates  that  the  dis- 
sociation of  more  complex  molecules  is  approaching  completion.  A.  Recoura  gave 
for  the  heat  of  hydration:  CrCl2aoiid->CrCl2.4H2Ocry3t.+16-6  Cals.;  and  for  the 
heat  of  soln.,  18-6  Cals.  K.  Jellinek  and  R.  Koop  found  for  the  reaction  Cr-t-Cl2 
=CrCl2,  76-68  Cals.  F.  Allison  and  E.  J.  Murphy  studied  the  magneto-optic 
properties.  W.  Hampe  found  that  molten  chromous  chloride  is  an  electrical 
conductor,  and  on  electrolysis,  chromium  separates  at  the  negative  pole. 
H.  Kiissner  found  that  a chromium  anode  in  soln.  of  potassium  chloride  dissolves 
with  different  valencies  between  2 and  6.  At  low  temp,  and  small  current 
densities,  the  valency  approaches  6,  but  at  higher  temp,  no  conditions  could  be 
found  which  gave  only  one  kind  of  ion.  Similar  results  were  obtained  with 
alcoholic  soln.  of  zinc  chloride.  S.  Meyer  gave  47  x 10~6  mass  units  for  the  magnetic 
susceptibility  ; and  R.  H.  Weber  gave  for  the  atomic  magnetism  0-0182.  B.  Cabrera 
and  S.  P.  de  Rubies  studied  this  subject.  G.  Breit  and  H.  K.  Onnes  found  that  the 
order  of  the  magnetic  susceptibility  is  unchanged  when  the  frequency  of  alternation 
of  the  magnetic  field  is  increased  to  369,000,  for  the  value  in  the  alternating  field 
is  0-75  of  the  value  for  the  direct  field. 

The  reaction  CrCl2+H2=2HCl-|-Cr  was  studied  by  K.  Jellinek  and  R.  Koop. 
The  anhydrous  salt  is  stable  in  dry  air,  but  it  deliquesces  in  moist  air  and  becomes 
green  owing  to  oxidation.  The  autoxidation  of  soln.  of  chromous  chloride  in  the 
absence  of  air  with  the  development  of  hydrogen  was  studied  by  A.  Moberg, 
H.  Moissan,  and  A.  Recoura.  M.  Berthelot  observed  that  the  change  is  accelerated 
by  acids  ; and  T.  Doring,  that  it  is  accelerated  by  precipitated  gold  ; and  W.  Traube 
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and  co-workers,  that  it  is  accelerated  by  palladium  salts.  A.  Asmanoff  showed  that 
the  reaction  is  accelerated  by  platinum  in  the  presence  of  hydrochloric  acid  ; and 
with  sulphuric  acid  the  reaction  is  slower.  The  unimolecular  reaction  with  0-12V- 
HC1  at  29-4°  has  a velocity  constant  of  0-0129  ; and  with  0-12V-H2SO4, 0-0115.  With- 
out platinum  the  evolution  of  hydrogen  with  102V-  sulphuric  acid  cannot  be  detected, 
but  it  can  be  observed  with  hydrochloric  acid.  Ammonium  chloride  in  2V-HC1 
gives  a measurable  yield  of  hydrogen  even  when  platinum  is  absent.  The  reaction 
proceeds  more  rapidly  in  ammoniacal  soln.,  and  is  fastest  in  soln.  containing 
ammonium  sulphate.  The  speed  of  the  reaction  increases  as  the  cone,  of  the 
ammonia  increases.  The  reaction  in  ammoniacal  soln.  is  accelerated  by  chromic 
salts.  W.  Traube  and  W.  Lange  found  that  the  conversion  of  chromous  to  chromic 
salts  is  accelerated  by  a metal  of  the  platinum  group,  or  by  a hydrogen  acceptor, 
as  well  as  by  substances  which  cannot  be  regarded  as  hydrogen  acceptors.  The 
reaction  is  interpreted  according  to  the  scheme  Cr(0H)2->Cr( : 0).0H+H.  The 
reaction  was  studied  by  H.  Wieland  and  F.  G.  Fischer.  E.  S.  Hedges  and  J.  E.  Myers 
showed  that  the  evolution  of  hydrogen  in  the  autoxidation  of  chromous  chloride 
in  the  presence  of  platinum  may  be  periodic,  chromous  chloride  dissolved  in 
water  with  the  evolution  of  much  heat  forming  a blue  soln.  which  rapidly  turns 
green  owing  to  the  absorption  of  oxygen,  and,  according  to  E.  M.  Peligot,  the 
formation  of  Cr20Cl2 — a reaction  which  A.  Recoura  found  to  be  attended  by  the 
evolution  of  100-8  Cals.  Soln.  of  chromous  chloride  were  used  by  F.  O.  von  der 
Pfordten,  R.  P.  Anderson  and  J.  Riffe,  W.  Manchot  and  J.  Herzog,  for  the  absorp- 
tion of  oxygen  in  gas  analysis — vide  8.  49, 1.  A.  Mailfert  studied  the  action  of  ozone. 
Chromous  chloride  is  transformed  into  chromic  chloride  by  chlorine,  and  A.  Recoura 
gave  for  the  heat  of  the  reaction  (CrCl2sond>  ClRas)=39-4  Cals.  ; (CrCl2soin.,  Clga9) 
=CrCl3green  8oln.d_bl*4  Cals.  ; and  (CrClsoin-,  hlgas)=CrCl3vj0ie4  soin.-l_b0'8  Cals. 
G.  S.  Forbes  and  H.  W.  Richter  dissolved  chromous  chloride  in  ice-cold  0-12V-HC1 
in  an  atm.  of  hydrogen  or  carbon  dioxide  free  from  all  traces  of  oxygen.  The 
mercury  or  platinum  potential  rose  continuously  to  a maximum  value  which 
became  constant  after  two  days.  If  traces  of  oxygen  are  present,  the  potential 
fluctuated  irregularly.  When  referred  to  the  hydrogen  electrode  as  zero,  at  25°, 
E=— 0-400+0-065  log  (Cr"7Cr'').  The  maximum  potential  with  platinum  was 
about  0-16  volt  lower  than  with  mercury,  and  hydrogen  was  evolved.  G.  Herrmann 
studied  the  electrolytic  reduction  of  soln.  of  chromic  chloride.  If  hydrogen  chloride 
is  passed  for  a long  time  into  a cone.  soln.  of  chromic  chloride,  cooled  to  0°,  a 
bluish  powder  of  chromous  hydrochloride,  3CrCl2.2HC1.13H20,  is  formed  ; it  is 
stable  at  0°,  but  decomposes  at  20°.  A.  Moberg,  and  E.  M.  Peligot  found  that  the 
blue  aq.  soln.  gives  a pale  green  precipitate  with  potassium  fluoride,  but  no  precipi- 
tate with  potassium  bromide,  or  iodide.  V.  Rothmund,  and  R.  Stahn  studied  the 
reduction  of  perchlorates  by  chromous  salts.  E.  M.  Peligot  obtained  a black  pre- 
cipitate with  potassium  sulphide — it  is  insoluble  in  an  excess  of  the  alkali  sulphide. 
Potassium  sulphite  gives  a brick-red  precipitate.  A.  Moberg  said  that  ammonia 
gives  a pale  blue  precipitate  and  a little  hydrogen  is  evolved — the  supernatant  blue 
soln.  becomes  red  in  air — but  E.  M.  Peligot  said  that  no  hydrogen  is  given  off ; 
and  added  that  a mixture  of  ammonia  and  ammonium  chloride  gives  a blue  soln. 
which  becomes  red  on  exposure  to  air.  W.  Peters  found  that  chromous  chloride 
absorbs  ammonia,  forming  ash-grey  chromous  hexamminodichloride,  CrCl2.6NH3, 
and  when  this  is  kept  in  vacuo  it  forms  a violet  chromous  triamminodichloride, 
CrCl2.3NH3.  W.  Biltz  and  E.  Birk  found  that  the  sp.  gr.  of  the  hexamminodichloride 
is  1-392  at  25°/4°.  F.  Ephraim  and  S.  Millmann  discussed  the  stability  of  these 
salts  ; and  W.  Biltz  and  E.  Birk,  the  mol.  vols.  K.  Kraut  described  the  formation 
of  some  chromous  ammines — vide  infra.  W.  Traube  and  W.  Passarge  prepared  lilac- 
coloured  chromous  dihydrazinochloride,  CrCl2.2N2H4,  by  precipitation  on  adding 
a soln.  of  hydrazine  hydrate  to  a soln.  of  the  chloride.  The  precipitate  is  washed  with 
water,  alcohol,  and  ether,  and  dried  over  sulphuric  acid.  R.  Stahn  studied  the  reduc- 
tion of  potassium  azide  by  chromous  salts.  W.  Traube  and  W.  Passarge  found  that 
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chromous  salts  reduce  nitrous  oxide  in  the  presence  of  alkali  hydroxide  to  nitrogen  ; 
nitric  acid,  and  hydroxylamine  are  reduced  quantitatively  to  ammonia,  but  the  reduc- 
tion of  nitrous  acid  to  ammonia  is  not  quantitative.  For  the  action  of  nitric  oxide, 
Studied  by  G.  Chesneau,  J.  Sand  and  0.  Burger,  and  V.  Koklsckiitter,  vide  8.  49,  35. 
A.  Moberg  found  that  sodium  hydrophosphate  gives  a blue  precipitate  ; and  sodium 
carbonate  gives  a yellowish-green  precipitate  and  the  supernatant  liquor  becomes 
yellow.  W.  Traube  and  W.  Passarge  showed  thatsoln.  of  chromous  salts  are  gradually 
oxidized,  especially  in  acidic  soln.,  with  the  liberation  of  hydrogen  : 2CrO-f  H20 
=Cr203-f  H2  ; in  consequence,  they  are  able  in  the  presence  of  water  to  reduce 
compounds  with  double  or  triple  linkages.  Thus,  they  reduce  acetylene  to  ethylene, 
but  not  ethylene  to  ethene  ; maleic  and  fumaric  acids  are  reduced  to  succinic  acid 
in  acidic  and  alkaline  soln.  ; cinnamic  and  phenylpropionic  acids  yield  /3-phenyl 
propionic  acid  with  an  alkaline  suspension  of  chromous  oxide  ; and  benzaldoxime 
is  transformed  into  benzylamine.  E.  M.  Peligot  found  that  potassium  thiocyanate 
gives  no  precipitate.  R.  Stahn  studied  the  reduction  of  thiocyanic  acid,  and  of 
potassium  cyanide.  R.  Ripan  discussed  the  hydrolysis  of  chromic  salts  by  potassium 
cyanate.  J.  J.  Berzelius  found  that  potassium  cyanide  gives  a white  precipitate 
insoluble  in  excess;  E.  M.  Peligot  found  that  potassium ferrocyanide  gives  a yellowish- 
green  precipitate  ; and  sodium  acetate,  red  crystals  of  chromous  acetate.  R.  Stahn 
studied  the  reduction  of  chloroacetic  acid  and  of  oxalic  acid  ; and  A.  Moberg  found 
that  potassium  oxalate  gives  a grey  bluish-green  precipitate  ; sodium  formate  has  no 
visible  action  ; potassium,  tartrate  has  no  action  ; sodium  citrate  gives  a violet-red 
precipitate  which  slowly  dissolves  ; potassium  succinate  gives  a scarlet-red  precipi 
tate  ; potassium  benzoate,  a pale  red  precipitate  ; and  sodium  tetraborate,  a pale 
blue  precipitate.  R.  Stahn  studied  the  reduction  of  benzaldehyde.  A.  Moberg 
observed  that  potassium  hydroxide  gives  a yellow  precipitate,  and,  added 
E.  M.  Peligot,  if  kept  out  of  contact  with  air  it  gives  a brown  precipitate  of  hydrated 
chromous  oxide  (q.v.)  accompanied  by  the  evolution  of  hydrogen.  W.  Traube 
and  co-workers  found  that  the  precipitation  of  soln.  of  chromous  salts  by  alkali-lye 
gives  a mixture  of  hydrated  chromous  and  chromic  oxides  in  varying  proportions. 
E.  M.  Peligot  regarded  chromous  chloride  as  one  of  the  most  powerful  of 
reducing  agents.  For  instance,  it  gives  a brown  precipitate  of  chromic  chromate 
when  treated  with  potassium  monochromale  ; cupric  salt  soln.  furnish  first  cuprous 
chloride,  and  afterwards  with  an  excess  of  chromous  salt,  a red  precipitate  of 
cuprous  oxide  or  copper ; E.  Zinth  and  G.  Rienacker  studied  the  electrometric 
titration  of  salts  of  copper,  silver,  and  gold  with  chromous  chloride.  According  to 
E.  M.  Peligot,  gold  is  precipitated  from  a soln.  of  gold  trichloride,  and  the  reaction  is 
accompanied  by  an  evolution  of  hydrogen  ; and  mercuric  chloride  furnishes  mercurous 
chloride.  H.  Brintzinger  and  F.  Oschatz  followed  the  electrometric  titration  of 
molybdic  acid  with  chromous  chloride  down  to  the  formation  of  tervalent 
molybdenum  ; and  H.  Brintzinger  and  F.  Rodis,  alloys  of  tin  and  antimony,  copper 
and  tin,  and  bismuth  and  tin.  N.  H.  Furman  titrated  chromous  salts  with  soln. 
of  ceric  sulphate.  E.  M.  Peligot  found  that  tungstic  acid  is  reduced  to  the  blue 
lower  oxide  ; and  H.  Lowel  obtained  tin  from  a soln.  of  stannous  chloride.  E.  Zinth 
and  G.  Rienacker  studied  the  electrometric  titration  of  salts  of  mercury,  bismuth, 
and  iron  with  chromous  chloride. 

As  indicated  above,  H.Moissan  obtained  what  he  regarded  as  a hexahydrate  by 
evaporating  aq.  soln.  of  chromous  chloride  ; but  A.  Recoura,  G.  Bauge,  and 
W.  A.  Knight  and  E.  M.  Rich  showed  that  the  product  is  the  tetrahydrate, 
CrC'l2.4H20,  and  they  recommended  the  following  mode  of  preparation  : 

Chromous  acetate  is  dissolved  in  cone,  hydrochloric  acid  in  vacuo,  and  the  clear  soln. 
is  boiled  down  to  dryness.  If  this  distillation  is  too  prolonged,  or  if  it  is  interrupted  over- 
night, the  dark  green  isomeride  is  usually  formed,  whilst  if  the  temp,  rises  above  51°  after 
j crystals  have  begun  to  appear,  the  product  is  pale  blue  or  light  green  or  white,  but  these 
arc  varieties  of  the  blue  isomeride,  and  are  finally  converted  into  the  stable  dark  blue  hydrate 
! in  presence  of  cold  water.  The  blue  crystals  are  washed  by  repeated  decantation  with  pure 
I acetone,  and  the  final  drying  carried  out  with  ether. 
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The  blue  crystals  of  the  tetrahydrate  readily  absorb  oxygen  from  air  to  form  a 
greenish-black  oxychloride.  W.  A.  Knight  and  E.  M.  Rich  showed  that  the  blue 
crystals  prepared  in  this  way  appear  to  undergo  no  alteration  when  left  for  many 
months,  but,  in  spite  of  the  high  degree  of  purity  of  this  chromous  chloride 
(especially  when  it  has  been  reprecipitated  from  sat.  soln.  by  cone,  hydrochloric 
acid),  its  soln.,  on  exposure  to  the  air,  has  a markedly  disagreeable  odour.  Water, 
not  hydrogen  chloride,  is  evolved  when  the  hydrated  salt  is  heated  in  vacuo  at 
180°.  T.  Doring  found  that  the  transformation  of  soln.  of  chromous  chloride  into 
chromic  chloride  is  catalytically  accelerated  by  platinum,  gold,  silicic  acid,  etc. 
J.  W.  McBain  also  studied  the  catalytic'decomposition  in  the  presence  of  colloidal 
platinum.  M.  Prud’homme  showe.d  that  chromous  chloride  is  green  in  hot,  cone, 
soln.,  although  its  cold,  dil.  soln.  is  blue,  and  hence,  by  analogy  with  the  chromic 
salt,  he  inferred  that  two  isomeric  forms  exist  in  aq.  soln.  J.  W.  McBain  isolated  a 
dark  green  chromous  chloride  which  gave  a green  soln.  with  water,  but  the  soln. 
soon  became  azure-blue.  The  change ‘from  a green  to  a blue  soln.  occupies  only  a 
few  seconds  in  neutral  soln.  at  ordinary  temp.,  but  in  acidic  soln.  the  change  is  so 
retarded  that  it  may  require  weeks  for  its  completion.  If  the  change  from  blue  to 
green  were  due  to  a partial  hydrolysis  resulting  in  the  formation  of  a green  Cr(OH)-- 
cation,  then  it  is  difficult  to  explain  M.  Prud’homme’s  observation  that  cone, 
hydrochloric  acid  favours  the  formation  of  the  green  colour.  The  assumption  that 
the  change  is  due  to  a partial  dissociation  resulting  in  the  formation  of  stable 
CrCl'-cation  which  colours  the  liquid  green  is  supported  by  W.  A.  Knight  and 
E.  M.  Rich's  observation  that  the  presence  of  a large  proportion  of  another  chloride 
favours  the  green  colour.  Observations  on  the  f.p.  of  the  green  and  blue  soln. 
show  that  it  is  probable  that  the  blue  soln.  furnishes  three  ions  : CrCl2^Cr"-}-2Cl', 
while  the  green  soln.,  being  less  ionized,  furnishes  two  ions  : CrClo^CrCl'  -j-Cl'. 

W.  A.  Knight  and  E.  M.  Rich  showed  that  if  water  be  pumped  from  the  tetra- 
hydrate at  50°,  a mixture  of  pale  blue  trihydrate , CrCl2.3H20,  and  light  green  dihy- 
drate is  formed,  but  when  water 
is  added,  the  light  green  hydrate 
becomes  pale  blue  trihydrate.  The 
flask  and  contents  are  then  heated 
to  51°,  and  the  pale  blue  trihydrate 
is  quickly  dried  at  ordinary  temp, 
by  evacuation  through  a phos- 
phorus pentoxide  tube.  The  light 
green  dihydrate,  CrCl2.2H20,  is 
formed  when  water  is  pumped  from 
the  tetrahydrate  between  70°  and 
80° ; evacuation  at  100°  has  no 
further  effect.  The  dark  blue  tetra- 
hydrate is  the  stable  form  up  to 
38°,  when  it  passes  into  the  dark 
green  tetrahydrate ; but  if  the 
dark  green  tetrahydrate  does  not 
appear,  the  dark  blue  modification  is  stable  up  to  51°,  at  which  it  passes  into  the 
pale  blue  trihydrate ; the  dark  green  tetrahydrate  is  stable  between  38°  and 
60°-70°,  when  it  forms  the  light  green  dihydrate.  The  pale  blue  trihydrate  is 
converted  into  the  light  green  dihydrate  at  84°-86°,  and  this,  in  turn,  becomes 
the  white  anhydrous  chloride  at  113°-115°.  Fig.  73  represents  the  relationship 
between,  say,  the  vap.  press,  or  the  cone,  of  sat.  soln.  and  temp.  The  metastable 
regions  are  represented  by  dotted  lines.  The  observed  vap.  press.,  p mm.,  with 
sat.  soln.  were 


Temperatures 
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perature and,  say.  Vapour  Pressure  of  the 
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There  is  a definite  break  in  the  curve  at  49°,  which  is  close  to  the  51°  obtained  by 
observations  on  the  change  of  colour. 

L.  N.  Vauquelin  2 evaporated  a soln.  of  chromic  oxide  in  hydrochloric  acid  to 
dryness  and  heated  the  product  to  expel  the  last  traces  of  water.  H.  Rose  said 
that  the  last  traces  of  water  cannot  be  expelled  without  forming  chromic  oxide 
which  colours  the  mass  green.  J.  J.  Berzelius,  and  H.  F.  Gaultier  de  Claubry 
heated  the  residue  to  a high  temp,  when  a large  proportion  sublimed  as  chromic 
chloride,  or  chromium  trichloride,  CrCl3.  H.  Rose,  and  H.  Lowel  obtained  the 
anhydrous  chloride  by  heating  the  hydrated  salt,  obtained  by  evaporating  an  aq. 
soln.  of  the  chloride,  in  a current  of  dry  chlorine  so  that  chromium  trichloride 
sublimes.  F.  Wohler  found  that  heated  chromium  burns  in  chlorine  forming 
violet  chromium  trichloride.  H.  Moissan  said  that  the  reaction  occurs  at  600°. 
J.  Y.  Johnson  heated  ferrochromium  in  chlorine  gas  with  or  without  a reducing 
agent  like  carbon  monoxide.  Heat  is  required  to  start  the  reaction,  but  thereafter 
the  temp,  is  controlled  by  varying  the  amount  of  chlorine  so  that  iron  chloride  is 
sublimed.  F.  Wohler,  and  C.  E.  Ufer  also  obtained  this  chloride  by  passing  dry 
chlorine  over  an  intimate  mixture  of  chromic  oxide  and  carbon.  H.  Moissan  heated 
to  400°  chromic  oxide,  which  had  not  been  previously  calcined,  in  dry  chlorine 
gas,  and  A.  Vosmar  applied  the  reaction  to  the  opening  up  of  ferrochromium  for 
analysis.  F.  M.  Jackson  heated  ferrochrome  in  chlorine  at  above  350°  to  volatilize 
the  ferric  chloride,  and  then  to  650°  to  produce  chromic  chloride.  R.  D.  Hall 
obtained  the  trichloride  by  heating  chromic  oxide  in  a current  of  sulphur  mono- 
chloride  vapour ; C.  Matignon  and  F.  Bourion  used  a mixture  of  sulphur  mono- 
chloride and  chlorine  with  the  chromic  oxide  at  400°  ; F.  Bourion  preferred  sulphur 
dichloride.  J.  R.  Mourelo  considered  this  to  be  thebest  mode  of  preparation. 

E.  Demaryay.  passed  carbon  tetrachloride  vapour  over  chromic  oxide  to  obtain 
chromic  chloride — P.  Camboulives  recommended  a temp,  of  580°.  G.  Rauter 
observed  that  when  chromium  trioxide  or  a chromate  is  heated  in  the  vapour  of 
silicon  tetrachloride,  chromic  chloride  is  formed ; and  A.  Michaelis  found  that  it 
is  formed  by  the  action  of  phosphorus  trichloride  on  chromyl  chloride.  H.  Quantin 
prepared  chromic  chloride  by  heating  chromyl  chloride  in  a current  of  carbon 
monoxide,  or  of  carbon  tetrachloride ; and  M.  Prud’homme  worked  with  the 
materials  in  a sealed  tube  at  200°.  F.  P.  Venable  and  D.  H.  Jackson  found  that 
the  chlorination  of  chromic  oxide  with  a mixture  of  chlorine  and  carbon  monoxide 
starts  at  625°.  P.  Curie  passed  the  vapour  of  carbon  disulphide  mixed  with 
hydrogen  chloride  over  heated  chromic  oxide ; and  J.  J.  Berzelius,  C.  E.  Ufer, 

F.  Serena,  and  L.  R.  von  Fellenberg  passed  chlorine  over  heated  chromium  sulphide. 

Chromic  chloride,  according  to.  H.  Rose,  furnishes  micaceous,  puce  or  violet 

laminse.  Like  talc,  they  leave  a mark  on  the  skin.  The  colour  of  chromic  chloride 
becomes  very  much  paler  at  liquid  air  temp.  G.  Natta  found  that  chromic  chloride 
crystallizes  in  the  trigonal  system— probably  holohedral.  The  X-radiograms 
show  that  the  unit  cell  has  a side  <z=4-42  A. ; the  axial  ratio  a : c= 1 : 1-29  or  1-30 ; 
and  contains  one  mol.  of  CrCl3  per  unit  cell;  and  the  calculated  sp.  gr.  is  2-71. 
On  the  other  hand,  N.  Wooster  found  that  the  unit  cell  contains  six  molecules, 
the  chlorine  atoms  being  arranged  in  cubic  close-packing,  and  the  chromium 
atoms  occupy  octahedral  positions.  The  parameter  a— 6-0  A.,  and  c=17-5  A. 
A.  Schafarik  gave  3-03  for  the  sp.  gr. ; F.  W.  Clarke  and  J.  P.  Grabfield 
gave  2-757  at  15°/40  ; and  W.  Biltz  and  E.  Birk,  2-784  at  25°/4°.  M.  Crespi 
found  the  sp.  gr.  of  the  anhydrous  salt  heated  at  100°  in  dry  air  is  2-916. 
It  is  difficult  to  dry  the  substance,  and  it  absorbs  water  greedily.  The  absorption 
resembles  the  process  of  adsorption  of  gases  by  glass.  The  mol.  vol.  of  the  contained 
water  increases  with  the  quantity  of  water  retained  by  the  salt.  L.  F.  Nilson  and 
0.  Pettersson  found  the  vapour  density  (air  unity)  to  be  6-13  at  1065° ; 5-51  at  1191°  ; 
5-42  at  1277°  ; 4-82  at  1347°  ; and  4-58  at  1350o-1400o,  when  the  theoretical  value 
for  CrCl3  is  5-478.  Hence,  the  simple  formula  CrCl3  represents  the  molecule  in  the 
state  of  vapour ; above  1300°,  dissociation  sets  in  : 2CrCl3^2CrCl2-(-Cl2.  A.  Scott 
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confirmed  these  results.  P.  Fireman  and  E.  G.  Porter  said  that  the  dissociation, 
indeed,  can  be  detected  at  355°,  for  when  an  inert  gas  is  passed  over  the  chloride 
at  that  temp,  and  then  through  a soln.  of  potassium  iodide,  iodine  is  set  free  by 
the  chlorine.  F.  Ephraim  gave  for  the  dissociation  press.,  p,  for  2CrCl3^2CrCl2 
+C12,  205  mm.  at  885°  ; 209  mm.  at  902°  ; 415  mm.  at  920° ; 535  mm.  at  930° ; 
and  605  mm.  at  933°.  The  results,  however,  are  complicated  by  the  volatility  of 
the  chromium  chloride.  H.  Kopp  gave  0-143  for  the  specific  heat.  K.  Jellinek 
and  R.  Koop  gave  for  the  vapour  pressure: 

700°  800°  900°  1000° 

P . . 0 0187  0-0018  0-1845  0-366  atm. 

A.  Recoura  gave  for  the  heat  of  formation : CrCl2soin.+Clgas=CrCl3soin.-F56-7 
Cals.  K.  Jellinek  and  R.  Koop  gave  for  the  reaction  2CrCl2+Cl2=2CrCl34-66-95 
Cals.  ; and  for  Cr+l-5Cl2=CrCl3,  110-18  Cals.  0.  Stelling  studied  the  X-ray 
absorption  sjiectrum  ; C.  P.  Snow  and  F.  I.  G.  Rawlins,  the  colour  ; and  P.  Krish- 
namurti,  the  Roman  effect.  W.  Hampe  found  that  the  electrical  conductivity  of  the 
trichloride  is  very  small.  T.  Peczalsky  and  J.  Cichocky  studied  the  effect  of 
chromic  chloride  on  the  thermionic  emission  of  copper.  S.  Meyer  gave  34xl0~6 
mass  units  for  the  magnetic  susceptibility  of  chromic  chloride  at  18°  ; E.  Feytis 
gave  44-1  xlO-6  mass  units;  and  for  the  atomic  magnetism,  R.  H.  Weber  gave 
0-00631.  H.  R.  Woltjer,  and  H.  R.  Woltjer  and  H.  K.  Onnes  observed  that  the 
susceptibility  of  chromic  chloride  decreases  with  the  strength  of  the  magnetic  field 
at  the  temp,  of  liquid  hydrogen  ; and  for  a given  field  strength,  the  susceptibility 
increases  with  falling  temp.  The  observed  data  down  to  64°  K.  follow  the  relation 
X(T-32-5)=constant,  where  x denotes  the  susceptibility  and  T the  absolute  temp. 
For  the  aq.  soln.,  G.  Quincke  gave  the  magnetic  susceptibility  40xl0-6  mass  unit 
at  19°;  S.  Ishiwara  gave  44-3X10- 6 mass  unit  at  18-5°;  and  G.  Jager  and 
S.  Meyer,  47  X 10~ 6 mass  unit  at  19°. 

A.  Moberg,  and  E.  M.  Peligot  observed  that  when  hydrogen  is  passed  over  the 
heated  chromic  chloride,  chromous  chloride  is  formed,  and  J.  J.  Berzelius,  and 
A.  Moberg  noted  that  at  a higher  temp,  chromium  is  produced ; K.  Jellinek  and 
R.  Koop,  that  the  reduction  of  chromic  chloride  by  hydrogen  proceeds  2CrCl3-f  H2 
^2CrCl2+2HCl  between  416°  and  510°,  and  CrCl2+H2^2HCl+Cr  between  1021° 
and  1192°.  V.  N.  Ipatieff  and  B.  A.  Mouromtseff  found  that  a soln.  of  the  chloride 
is  reduced  by  hydrogen  at  200  atm.  press.  H.  Rose  observed  that  when  heated  in 
air,  chromic  chloride  is  quietly  reduced  to  the  oxide.  J.  Y.  Johnson  converted 
the  anhydrous  salt  into  the  hydrate  without  the  aid  of  a reducing  agent  as  catalyst 
by  exposing  an  aq.  suspension  to  the  action  of  a cathodically  polarized  conductor, 
e.g.  in  a lead-lined  iron  vessel  having  a chromium  anode  and  using  a very  low 
current  density.  The  heat  generated  in  the  process  enables  a highly  cone.  soln. 
to  be  produced,  which  is  filtered  while  hot  and  solidifies  on  cooling.  H.  Kunheim 
said  that  when  heated  in  water  vapour,  chromic  chromate  is  formed  ; and  F.  Bourion 
found  that  when  heated  in  oxygen  mixed  with  water  vapour,  chromic  oxide  is 
produced.  For  the  solubility  in  water,  vide  infra.  R.  Schwarz  and  G.  Meyer 
observed  that  anhydrous  chromic  chloride  does  not  take  up  hydrogen  chloride. 
A.  Recoura  found  that  if  hydrogen  chloride  be  passed  for  some  days  into  a soln. 
of  chromic  chloride,  the  liquid  gradually  becomes  brown  or  brownish-red,  owing 
to  the  formation  of  a chromic  hydrochloride.  If  ether  be  added,  a green,  unstable 
precipitate  approximating  CrCl3.HCl  is  formed.  A.  W.  Cronander  obtained  a 
blue  complex  chromic  phosphoctochloride,  CrCl3PCl5,  by  the  action  of  phosphorus 
pentachloride  on  chromic  or  chromyl  chloride  in  a sealed  tube  at  150°.  R.  F.  Wein- 
land  and  C.  Feige,  and  P.  Pfeiffer  prepared  a complex  with  antimony  pentachloride, 
namely,  chromium  antimonioctochloride,  CrCl3.SbCl5.10H2O,  in  green  leaflets,  and 
chromium  triantimoniododecachloride,  CrCl3.3SbCl3.13H20,  in  violet-grey  needles. 
R.  F.  Weinland  and  H.  Schmid  obtained  Cr[SbCJ6|3.15H20,  and  also  [SbCI6].CrCl2. 
10H2O — vide  antimony  pentachloride,  9.  52,  18.  H.  Rose  said  that  puce-coloured 
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chromic  chloride  is  extraordinarily  resistant  towards  acids.  According  to  L.  R.  von 
Fellenberg,  boiling  hydrochloric,  or  nitric  acid,  or  aqua  regia  does  not  act  on  the 
chloride,  but  N.  Bunge  found  that  if  a little  sodium  amalgam  be  added  to  dil.  hydro- 
chloric acid  in  which  the  trichloride  is  suspended,  a green  soln.  and  some  chromium 
amalgam  are  formed.  H.  Rose  observed  that  cone,  sulphuric  acid  can  be  distilled 
from  the  puce-coloured  chloride,  but  J.  Pelouze  added  that  with  hot,  cone,  sulphuric 
acid,  chlorine  is  slowly  given  off,  leaving  behind  a green  mass  miscible  with  water. 
Molten  sulphur  was  found  by  J.  L.  Lassaigne,  and  J.  J.  Berzelius,  to  furnish 
chromium  sulphide  ; J.  von  Liebig  noted  that  when  heated  in  hydrogen  sulphide, 
chromium  sulphide  is  formed  ; H.  Moissan  said  that  ammonium  chloride  at  a red- 
heat  forms  chromous  chloride  ; A.  Schrotter,  that  ammonia  converts  it  into  nitride. 
J.  Persoz  studied  the  action  on  chromic  chloride.  Neither  aq.  ammonia  nor 
ammonia  gas  acts  on  violet  chromic  trichloride,  but  W.  R.  Lang  and  C.  M.  Carson 
found  that  the  puce  trichloride  reacts  with  liquid  ammonia  forming  a yellow 
powder  from  which  water  extracts  chromic  hexamminochloride,  CrCl3.6NH3.H9O, 
and  also  chromic  pentamminochloride,  CrCl3.5NH3 ; while  W.  R.  Lang  and 
E.  H.  Jolliffe  obtained  with  methylamine  the  complex  chromic  pentamethylamino- 
chloride,  CrCl3.5(CH3)NH2 ; and  with  ethylamine,  chromic  pentaethylamino- 
chloride,  GrCl3.5(C2H5)NH2.H2<p,  whilst,  at  60°,  it  forms  chromic  tetraethylamino- 
chloride,  CrCl3.4(C2H5)NH2.H20  ; ethylenediamine  forms  chromic  tetraethylenedi- 
aminochloride,  CrCl3.4C2H4(NH2)2.H20  ; while  dimethylamine,  diethylamine,  Iri- 
methylamine,  triethylamine,  aniline,  methylaniline,  and  dimethylaniline  have  no  action 
on  chromic  chloride.  P.  Pfeiffer  obtained  a salt  with  pyridine,  namely,  chromic 
tripyridinochloride,  CrCl3.3C5H5N — vide  infra,  ammines.  G.  Fuseya  and  K.  Murata 
observed  the  complexes  are  formed  with  glycine  ; and  H.  Farl,  with  pyridine  and 
chromic  dichloroethylate.  G.  M.  Bennett  and  E.  E.  Turner  studied  the  reaction 
with  magnesium  phenyl  bromides  : 2CrCl3+2(C6H5)MgBr=C6Il5.C0H5-f  2CrCl2 
-fMgCl24-MgBr2,  etc.  F.  Hein  obtained  chromium  phenyl  bromide,  Cr(C6H5)5Br, 
as  a product  of  this  reaction.  H.  Rose  found  that  phosphine  produces  the  phos- 
phide. I.  Koppel  said  that  the  puce-coloured,  anhydrous  chloride  does  not 
dissolve  in  ethyl  alcohol,  but  it  does  so  if  a piece  of  magnesium,  zinc,  or  chromium 
be  present,  or  if  a trace  of  chromous  acetate  be  added.  According  to  L.  C.  A.  Barres- 
will,  when  chromic  chloride  and  alcohol  are  heated  in  a sealed  tube,  ethyl  chloride 
is  formed.  F.  Pintus,  and  I.  Koppel  obtained  chromium  alcoholatochloride, 
CrCl3.3C2H5OH,  in  red  needles — vide  infra,  ammines.  P.  A.  Thiessen  and  B.  Kan- 
delaky  examined  these  salts.  P.  Rohland  said  that  puce-coloured  chromic  chloride 
is  practically  insoluble  in  absolute  ethyl  alcohol,  methyl  alcohol,  acetaldehyde,  and  in 
ether.  W.  Eidmann  found  it  to  be  insoluble  in  acetone  ; and  H.  Arctowsky,  in  carbon 
disulphide.  A.  Naumann  said  that  the  jjuce-coloured  chloride  is  sparingly  soluble  in 
methyl  acetate  ; and  that  the  yellow  form  is  slightly  soluble  in  benzonitrile.  L.  Hack- 
spill  found  that  calcium  reduces  heated  chromic  chloride  to  chromium  ; F.  Wohler, 
that  zinc,  in  molten  potassium  chloride,  reduces  it  to  chromium  ; L.  R.  von  Fellen- 
berg, and  H.  Rose  said  that  the  puce-coloured  chloride  is  insoluble  in  dil.  alkali-lye, 
and  that  it  is  decomposed  by  boiling  cone.  soln.  of  alkali  hydroxides  and  carbonates  ; 
A.  Geuther,  that  it  reacts  with  chromium  trioxide  : 3Cr03-)-2CrCl3=Cr203 

-|-3Cr02Cl2  ; and  with  molten  potassium  dichromate  : 3K2Cr207  -f- 2Cr(.'l:i  -Gr20;! 
+6KGr03Gl.  F.  Wohler  obtained  crystalline  chromic  oxide  by  fusing  the  tri- 
chloride with  sodium  carbonate  and  ammonium  chloride. 

According  to  N.  Bunge,  C.  W.  Vincent,  and  Z.  Roussin,  a slightly  acidified  soln. 
of  chromic  chloride  or  other  chromium  salt  yields  with  sodium-amalgam  an  easily 
decomposable  chromium  amalgam.  A.  Commaille  observed  that  magnesium 
precipitates  only  hydrated  chromic  oxide  from  a soln.  of  chromous  or  chromic 
chloride.  K.  Someya  found  that  soln.  of  chromic  salts  are  quantitatively  reduced 
to  chromous  salts  by  zinc-amalgam  or  lead-amalgam;  and  C.  Boulanger  studied 
the  reduction  with  zinc  and  with  aluminium.  According  to  T.  Peczalsky,  when  a 
Copper  rod  has  its  lower  half  surrounded  by  chromic  chloride,  cementation  is 
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produced  throughout  its  length,  specially  on  the  portion  in  contact  with  the  salt. 
Metallic  chromium  was  deposited  on  the  rest  of  the  rod,  whilst  rhombohedric  copper 
crystals  were  found  in  the  salt.  If  the  rod  was  contained  in  exhausted  “ pyrex  ” 
tubes,  surrounded  by  chlorides  of  copper,  nickel,  or  chromium,  deposits  of  copper 
were  found  to  have  penetrated  the  glass  after  5-10  hrs.  at  600°-800°. 

H.  Rose  said  that  the  anhydrous,  puce-coloured  chromic  chloride  is  insoluble 
in  cold  water  ; and  E.  M.  Peligot,  that  it  is  insoluble  in  boiling  water.  J.  Pelouze 
added  that  it  is  very  slowly  soluble  in  cold  water,  but  water  at  150°-200°  forms  a 
deep  green  soln.  H.  Moissan  also  obtained  an  aq.  soln.  by  heating  the  chloride 
with  water  in  a sealed  tube  at  180°.  According  to  E.  M.  Peligot,  while  chromic 
chloride  is  insoluble  in  cold  water,  yet,  when  in  contact  with  chromous  chloride, 
it  dissolves  with  ease,  heat  being  evolved,  and  a green  soln.  formed.  The  soln. 
has  all  the  characteristics  of  chromic  salts.  A very  small  quantity,  less  than 
0-000001  per  cent,  of  chromous  chloride,  suffices  to  render  chromic  chloride  soluble. 

A.  Moberg,  and  K.  Drucker  found  that  the  dissolution  of  chromic  chloride  is  facilitated 
by  the  presence  of  dil.  acid  and  zinc  ; K.  Drucker,  aluminium,  ferrous  oxalate  ; a soln. 
of  copper  in  cuprous  sulphate,  a soln..  of  arsenious  acid  and  sodium  hydrocarbonate  or 
hydrogen  in  the  presence  of  colloidal  platinum  at  ordinary  temp.  ; J.  Pelouze,  stannous, 
ferrous,  or  cuprous  chloride,  or  sodium  thiosulphate  ; V.  A.  Jacquelin,  titanous  chloride, 
or  sulphur  dioxide  ; H.  Moissan,  chromous  bromide  or  iodide  ; and  P.  Rohland,  hydrogen 
at  90°  ; and  the  following  metals  in  contact  with  the  chromic  chloride  have  a decreasing 
order  of  activity  in  facilitating  the  dissolution  of  the  salt : potassium,  sodium,  magnesium, 
aluminium,  zinc,  cadmium,  tin,  iron,  nickel,  lead,  antimony,  bismuth,  copper,  mercury, 
and  silver — while  platinum  and  gold  are  inactive.  M.  Bauck  noticed  that  a piece  of  chromic 
chloride  deliquescing  on  tinfoil  forms  a green  spot  presumably  owing  to  the  formation  of 
a little  chromous  chloride  by  the  reducing  action  of  the  tin.  P.  Rohland  found  that  in 
methyl  or  ethyl  alcohol,  or  acetone  soln.,  the  activity  of  chromous  chloride  in  promoting 
the  dissolution  is  less  than  in  aq.  soln. 

E.  M.  Peligot,  and  J.  J.  Berzelius  said  that  the  chromous  chloride  acts  as  a 
contact  catalyst ; and  L.  C.  A.  Barreswill  assumed  that  the  chromous  chloride 
forms  with  violet  chromic  chloride  a double  salt  which  decomposes  into  chromous 
chloride  and  a green  soluble  chromic  chloride.  H.  Lowel  supposed  that  the 
chromous  chloride  reduces  the  violet  chromic  chloride  and  at  the  same  time  is 
transformed  into  soluble  chromic  chloride,  and  the  reaction  continues  anew. 
A.  Recoura’s  hypothesis  was  somewhat  sjmilar  to  this.  P.  Rohland  said  that 
the  action  is  not  catalytic,  but  that  it  favours  the  dissolution  of  the  chromic  chloride 
by  its  reducing  action.  A considerable  proportion  of  stannous  chloride  is  required 
to  do  this  work,  and  that  indicates  that  the  action  is  not  a characteristic  of  catalyzed 
reactions.  K.  Drucker  measured  the  rates  of  dissolution  in  the  presence  of  various 
reducing  agents — vide  supra.  He  found  that  the  rate  is  dependent  upon  (i)  the 
nature  of  the  reducing  agent,  (ii)  its  reduction-potential,  increasing  and  decreasing 
with  this,  and  (iii)  its  absolute  cone.  In  the  presence  of  a sparingly  soluble  reducing 
agent,  the  dissolution  of  the  chromic  chloride  takes  place  provided  that  the  agent 
is  also  present  in  the  solid  state.  The  function  of  the  reducing  agent  does  not 
appear  to  be  entirely  catalytic,  but  a reaction  takes  place  between  this  and  the 
chromic  chloride.  The  dissolution  is  probably  preceded  by  a slight  reduction 
to  chromous  chloride,  the  catalytic  influence  of  which  is  very  gnat ; only  a small 
quantity  of  this  can,  however,  be  formed,  since  its  potential  in  soln.  of  appreciable 
cone,  is  greater  than  that  of  hydrogen,  whilst  the  potential  in  the  soln.  cannot 
rise  above  that  of  the  reducing  agent  present.  It  has  not  been  proved  that  the 
catalytic  influence  is  wholly  due  to  chromous  chloride.  E.  Hein  and  co-workers 
studied  some  complexes  with  organic  radicles. 

The  hydrated  chromic  chlorides  are  perhaps  the  most  peculiar  hydrated  salts 
in  inorganic  chemistry.  There  are  one  tetrahydrate,  three  isomeric  hexahydrates 
— violet,  pale  green,  and  dark  green. — and  one  decahydrate  ; and,  as  indicated 
below,  the  dehydration  of  the  dark  green  hexahydrate  furnishes  a hemihydrate, 
CrCl3.£H20,  and  a hemitrihydrale,  CrCl3.l|H20. 

The  tetrahydrate,  CrCl3.4H20. — L.  Godefroy  3 prepared  this  salt  by  allowing 
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the  dark  green  hexahydrate  to  stand  over  cone,  sulphuric  acid  in  vacuo.  The  pale 
green  powder  readily  takes  up  2 mols.  of  water  to  form  the  hexahydrate,  with  the 
evolution  of  heat — according  to  G.  0.  Higley — eq.  to  83-96  Cals.  A.  Werner  and 
A.  Gubser  showed  that  the  tetrahydrate  can  also  form  double  salts  with  2 mols.  of, 
say,  alkali  chloride.  The  aq.  soln.  of  the  tetrahydrate  is  identical  with  the  aq.  soln. 
of  the  dark  green  hexahydrate.  A.  E.  Lindh  studied  the  X-ray  absorption  spectrum. 
The  mol.  conductivity  of  the  aq.  soln.,  rapidly  determined  at  0°,  is  49  at  a dilution 
v=125 — the  conductivity  increases  to  the  value  for  the  dark  green  hexahydrate 
after  it  has  stood  for  some  time.  The  arguments  with  respect  to  the  constitution 
of  the  dark  green  hexahydrate  (q.v.)  are  applicable  to  this  salt.  The  4 mols.  of  water 
are  considered  to  be  constitutional  because  they  are  not  removed  by  drying.  This 
means  that  the  tetrahydrate  can  be  regarded  as  chromic  dichlorotetraquochloride, 
Cr[Cl2(H20)4]Cl. 

The  dark  green  hexahydrate,  CrCl3.6H20. — This  salt  was  prepared  by  A.  Moberg, 
and  E.  M.  Peligot  by  evaporating  the  green  soln.  in  vacuo  ; the  green  soln.  used 
by  the  latter  was  obtained  by  dissolving  the  puce-coloured  anhydrous  chloride  in 
water  containing  a trace  of  chromous  chloride.  P.  Rohland  prepared  the  salt  in 
a similar  way.  H.  Rose  obtained  the  green  soln.  by  boiling  chromic  acid  in  hydro- 
chloric acid,  or  by  dissolving  hydrated  chromic  oxide  in  that  acid  ; E.  M.  Peligot, 
by  evaporating  a mixture  of  lead  chromate  and  hydrochloric  acid,  and  extracting 
the  chromic  chloride  with  alcohol,  or  from  the  clear 
soln.  obtained  by  digesting  lead  chromate  with  alcohol 
and  hydrochloric  acid  ; L.  Godefroy  sat.  with  chlorine 
a soln.  of  3 parts  of  potassium  dichromate  in  7 parts  of 
alcohol.  The  soln.  was  filtered  through  cotton-wool, 
and  the  filtrate  distilled  until  it  separated  into  two 
layers.  On  cooling,  the  green  lower  layer  solidified  to 
a mass  of  crystals  which  were  purified  by  recrystalliza- 
tion from  a small  quantity  of  water.  The  crystals  thus 
obtained  are  thin  lozenge-shaped  lamellae  which  readily 
give  off  some  of  their  water,  but  can  be  preserved  in  a 
closed  vessel.  A.  Recoura,  N.  Bjerrum,  and  A.  Werner 
and  A.  Gubser  passed  hydrogen  chloride  into  a sat.  soln. 
of  chromic  chloride  prepared  from  chromium  trioxide 
and  hydrochloric  acid,  when  crystals  which  have  been 
variously  described  as  green,  or  emerald-green  needles 

or  plates  were  obtained;  R.  F.  Weinland  and  A.  Koch,  and  A.  Johnsen  said 
that  the  crystals  are  six-sided,  biaxial,  monoclinic  or  triclinic  plates ; and 
J.  Olie  described  them  as  doubly  refracting,  rhombic  or  pseudohexagonal  plates. 
W.  Biltz  and  E.  Birk  gave  1-835  for  the  sp.  gr.  at  25°/4° ; and  145-2  for 
the  mol.  vol.  The  hygroscopic  crystals  were  said  by  A.  Werner  and 
A.  Gubser  to  have  an  intensely  sweet  taste.  The  analyses  of  A.  Moberg,  and 
A.  Recoura  gave  rather  different  values  for  the  amount  of  water  of  crystal- 
lization, but  the  analyses  of  E.  M.  Peligot,  L.  Godefroy,  and  A.  Werner  and 
A.  Gubser  agree  with  the  formula  CrCl3.6H20.  A.  Werner  and  A.  Gubser  found 
that  2 mols.  of  water  are  readily  withdrawn  when  the  salt  is  confined  over 
sulphuric  acid  in  vacuo,  but  no  more  water  is  lost.  On  the  other  hand,  J.  Olie 
said  that  more  than  this  amount  of  water  can  be  removed  because  after  long 
standing  over  sulphuric  acid  in  vacuo  at  15°,  the  surface  of  the  salt  becomes  pale 
red.  When  heated  for  6 hrs.  at  100°,  rather  more  than  4 mols.  of  water  are  expelled. 
The  product  is  dark  violet ; it  readily  absorbs  water  from  the  atm.  ; and  forms  a 
soln.  almost  identical  in  appearance  and  behaviour  with  the  original  green  salt. 
Some  hydrogen  chloride,  however,  was  also  given  off  under  these  conditions. 
N.  Bjerrum  observed  that  when  the  salt  is  kept  for  4 months  over  phosphorus 
pentoxide,  under  1 mm.  press.,  there  remains  the  red  hemitrihydrate,  CrCl3.l^H20, 
which  forms  a yellowish-green  soln.  with  water,  changing  to  the  violet-blue  colour 
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of  the  aq.  soln.  of  green  chromic  chloride.  J.  Olie  found  that  the  natural  m.p.  of 
the  salt— with  36  per  cent,  of  the  violet  isomer — is  83°,  and  the  true  m.p.  is  over 
90°- — cf.  Fig.  76  ; the  salt  can  be  heated  slowly  to  100°  in  vacuo  without  melting. 
J.  Olie  gave  2-66  Cals,  for  the  heat  of  transformation  to  the  violet  isomer.  H.  de  Bois 
and  G.  J.  Elias  measured  the  effect  of  temp.,  and  of  a magnetic  field  on  the  absorp- 
tion spectrum  of  solid  chromic  chloride.  The  electrical  conductivity  of  the  soln. 
of  the  hemitrihydrate  is  at  first  less  than  that  of  the  soln.  of  the  hexahydrate,  hut 
it  increases  rapidly  after  a few  minutes.  If  the  green  hexahydrate  be  heated  very 
slowly  to  155°,  in  a current  of  hydrogen  chloride,  there  remains  the  hemihydrate, 
CrCl3.JH20,  as  red  powder.  A.  Recoura  found  that  the  green  hexahydrate  is 
freely  soluble  in  water,  so  that  at  15°  the  sat.  soln.  has  56-6  per  cent,  of  the  salt. 
J.  Olie  inferred  that  at  25°  a sat.  soln.  has  50  per  cent,  of  the  green  salt, 
but  in  the  process  of  dissolution  some  violet  salt  is  formed,  and  the  change 
from  the  green  to  the  violet  salt  ( vide  infra)  goes  on  slowly  until  equilibrium  is 
attained  in  about  10  days  ; this  is  accompanied  by  an  apparent  increase  in  the  solu- 
bility of  the  salt,  because  the  violet  salt  is  rather  more  soluble  than  the  dark  green 
salt.  Thus,  at  25°,  the  percentage  solubility,  S,  and  the  percentage  proportions 
of  dark  green  and  violet  salts  in  soln.,  are  : 


Time  . 

0-25 

0-5 

4-0 

24 

48 

154 

456  hrs. 

£ 

68-36 

59-39 

63-27 

68-50 

68-42 

69-01 

68-58  per  cent. 

Green  . 

91-70 

87-43 

75-20 

62-36 

59-10 

57-16 

57-38  „ 

Violet  . 

8-30 

12-57 

24-80 

37-64 

40-90 

42-84 

42-62  „ 

J.  Olie  also  observed  that  the  formation  of  the  decahydrate  introduces  a compli- 
cation, because  there  is  a transition  point  near  30°  when  the  system  contains  about 
32  per  cent,  of  the  violet  salt  and  68  per  cent,  of  the  green  salt.  If  a soln.  sat.  at  a 
temp,  below  32°  is  cooled,  only  the  decahydrate  separates  out ; but  if  sat.  above 
32°,  both  hexahydrate  and  decahydrate  separate  on  cooling.  A.  Werner  and 
A.  Gubser  also  found  that  at  room  temp,  the  decahydrate  changes  to  its  equilibrium 
form  very  slowly.  J.  Olie  represented  his  results  by  a diagram  resembling  Fig.  74. 
E.  N.  Gapon  studied  the  speed  of  hydration  and  dehydration  and  of  the  passage 
ot  the  green  to  the  violet  hydrate  ; and  the  mechanism  of  the  charge,  by  L.  Meunier 
and  M.  Lesbre.  A.  Recoura  gave  —0-04  Cal.  for  the  heat  of  soln.  of  a mol  of  the 
green  hexahydrate  in  150  mols  of  water,  but,  according  to  J.  Olie,  this  datum  does 
not  represent  the  heat  of  soln.  of  the  green  hexahydrate,  but  rather  the  heat  of 
hydration  to  the  decahydrate,  and  the  heat  of  soln.  of  the  decahydrate.  O.  Stelling 
studied  the  X-ray  spectrum.  E.  Feytis  observed  that  the  magnetic  susceptibility 
23-0  Xl0— 0 mass  unit  is  very  little  different  from  the  value  for  the  violet  salt. 
R.  H.  Weber  made  .observations  on  this  subject.  E.  Feytis  gave  for  the  mol.  sus- 
ceptibility 6179  X 10  B,  and  J.  B.  Elias,  6100  X 10~6.  N.  Bjerrum  found  that  the  dark 
green  hexahydrate  is  soluble  in  fuming  hydrochloric  acid  ; A.  Werner  and  A.  Gubser, 
that  it  is  freely  soluble  in  alcohol,  sparingly  soluble  in  acetone,  and  insoluble  in  ether  ; 
and  P.  Rohland,  that  it  is  nearly  insoluble  in  ether,  and  freely  soluble  in  methyl  and 
ethyl  alcohols  as  well  as  in  acetaldehyde.  The  salt  is  largely  ionized  in  methyl 
alcoholic  soln.,  but  the  mol.  wt.  is  normal  in  ethyl  alcohol  and  in  acetone  soln. 
The  formation  of  the  salt  was  also  studied  by  L.  Meunier  and  M.  Lesbre.  From 
the  properties  of  the  soln.,  indicated  below,  A.  Werner  and  A.  Gubser  regarded 
the  dark  green  hexahydrate  as  dihydrated  chromic  dichlorotetraquochloride, 
[CrCl2(H20)4]01.2H20,.  with  2 masked  chlorine  atoms  ; the  hypothesis  is  based  on 
the  behaviour  of  the  salt  on  drying  ; on  treatment  with  silver  nitrate  ; and  on  the 
electrical  conductivity  of  aq.  soln. — vide  infra.  They  also  represented  it  by  the 
formula  [(H20.Cl)2Cr(H20)4]Cl. 

The  pale  green  hexahydrate,  CiC13.6H20. — This  salt  was  prepared  by  N.  Bjerrum 
by  pouring  a hydrochloric  acid  solu.  of  chromic  chlorosulphate  into  ether  sat.  with 
hydrogen  chloride  ; and  by  boiling  a soln.  of  13*4  grms.  of  chromic  dichlorotetraquo- 
chloride in  18  grms.  of  water  for  10  mins.,  then  sat.  the  soln.  at  8°-10°  with  hydrogen 
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chloride  ; the  filtered  liquid  was  then  poured  into  200  c.c.  of  ether  sat.  with  hydrogen 
chloride  at  10°,  while  hydrogen  chloride  is  passing  through  the  liquid.  The  salt 
separates  out  when  the  soln.  is  allowed  to  stand,  and  it  is  washed  with  ether  sat. 
with  hydrogen  chloride.  The  pale  green  hexahydrate  is  supposed  to  be  present 
in  aq.  soln.  containing  the  other  two  chlorides,  and  is  said  to  be  a maximum  when 
the  green  dichlorotetraquochloride  is  dissolved  in-  its  own  weight  of  water,  and 
the  soln.  boiled  for  10  mins.— w'de  infra.  G.  0.  Higley  obtained  it  by  heating  the 
violet  salt  to  70°  ; and  by  evaporating  a soln.  of  the  green  chloride  and  hydrochloro- 
platinic  acid,  he  obtained  the  salt  [Cr(H402)5Cl]PtCl6.  A.  del  Campo  and  co-workers 
obtained  this  salt  by  saturating 'with  hydrogen  chloride  an  aq.  ethereal  soln.  of  green 
chromic  chlorosulphate,  [CrCl(H20)5]S04.H20.  The  pale  green  hexahydrate  was 
also  prepared  by  A.  Werner  and  R.  Huber,  and  by  R.  F.  Weinland  and  T.  Schumann. 
W.  Biltz  and  E.  Birk  found  the  sp.  gr.  to  be  1-760  at  25°/4°,  and  the  mol.  vol.  151-4. 
According  to  N.  Bjerrum,  the  pale  green,  microcrystalline  powder  is  very  hygro- 
scopic, and  it  slowly  passes  into  the  dark  green  salt.  It  is  soluble  in  a mixture 
of  equal  vols.  of  fuming  hydrochloric  acid  and  ether  forming  a green  soln.,  which, 
when  poured  into  an  excess  of  ether  sat.  with  hydrogen  chloride,  deposits  the  pale 
green  solid.  The  pale  green  hexahydrate  forms  a bluish-green  soln.  with  water, 
and  the  colour  slowly  changes  to  bluish-violet ; it  is  soluble  in  alcohol,  and  in 
acetone.  Cone,  sulphuric  acid  precipitates  from  the  aged  aq.  soln.,  CrClS04.6H20. 
This  behaviour  of  the  salt  together  with  its  behaviour  towards  silver  nitrate,  and 
the  conductivity  of  its  aq.  soln.,  suggests  that  the  salt  is  hydrated  chromic  chloro- 
pen taquodichloride,  [Cr(H20)5Cl]Cl2.H20,  with  one  masked  chlorine  atom. 

The  decahydrate,  CrCl3.10H2O. — L.  Godefroy  prepared  this  salt  by  placing  a 
sat.  soln.  of  the  dark  green  hexahydrate  in  vacuo  for  several  days  at  a temp,  below 
6°.  A.  Werner  and  A.  Gubser  obtained  it  by  cooling,  by  means  of  a freezing 
mixture,  a soln.  of  the  dark  green  hexahydrate  in  half  its  weight  of  water  ; and 
J.  Olie,  by  triturating  the  dark  green  hexahydrate  with  the  theoretical  proportion 
of  water.  L.  Godefroy  described  the  salt  as  forming  green,  triclinic  crystals,  which 
readily  lose  water.  Over  sulphuric  acid,  for  example,  they  lose  4 mols.  of  water, 
and  become  opaque  and  friable.  The  salt  melts  slowly  in  its  water  of  crystal- 
lization at  a temp,  above  6°  or  7°.  J.  Olie  found  that  when  rapidly  heated,  the 
salt  melts  at  32°.  This  temp.*  however,  is  not  a m.p.,  but  rather  a transition 
] temp. — vide  Fig.  74^-A.  Werner  and  A.  Gubser  found  that  the  decahydrate  is 
I freely  soluble  in  water,  alcohol,  and  acetone.  G.  O.  Higley  found  that  the  heat 
' of  soln.  is  zero  ; but  in  cone,  soln.,  J.  Olie  found  that  the  heat  of  soln.  is  negative. 

N.  Bjerrum’s  observations  on  the  extinction  coeff.  of  the  soln.  are  summarized 
j in  Fig.  75.  The  mol.  conductivity  of  a fresh  0-00988M-soln.  at  25°  is  208-5  mhos, 
a value  which  is  mean  between  those  obtained  for  soln.  of  the  dark  green  and  the 
violet  hexahydrates  of  the  same  cone.  The  hydrolysis  constant,  /i  =8  X 10-6  nearly, 
is  about  one-tenth  the  value  for  the  violet  salt.  The  cone.  aq.  soln.,  with  cone. 

I sulphuric  acid,  forms  the  chlorosulphate,  CrClS04.6H20,  or  [CrCl(H20)5]S04.H20. 
According  to  A.  Werner  and  A.  Gubser,  the  mol.  conductivity,  and  the  behaviour 
of  the  salt  towards  silver  nitrate  indicate  that  it  contains  two  non-ionizable  chlorine 
atoms ; and  it  behaves  like  hexahydrated  chromic  dichlorotetraquochloride, 
[Cr(H20)4.Cl2]C1.6H20.  Two  of  the  ten  mols.  of  water  can  be  replaced  by  metal 
chlorides.  It  is  assumed  that  four  of  the  mols.  of  the  hexahydrate  are  doubled. 
The  tetrahydrate,  dark  green  hexahydrate,  and  the  decahydrate  all  give  aq.  soln. 
of  identical  properties  ; and  this  when  the  soln.  is  freshly  prepared  before  they 
have  had  time  to  undergo  the  slow  changes  indicated  below.  Consequently,  deca-, 
hexa-,  and  tetra-hydrates  are  supposed  to  be  similarly  constituted : either 
! [Cr(H20)4Cl2]Cl,  [Cr(H20)4Cl2]C1.2H20,  and  [Cr(H,0)4Cl2lC1.6H20,  or  else 

[S;o:Scr'H‘°>>*]ci  Eo><h.°’-]c1 

Decahydrate  Hexahydrate.  Tetrahydrate. 
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G.  Quincke  gave  1-2030  for  the  sp.  gr.  of  a 20-8  per  cent.  soln.  of  CrCl3  at  19°/4°. 
H.  C.  Jones  and  H.  P.  Bassett  found  the  sp.  gr.  of  soln.  with  M mols  of  the  salt 
per  litre  at  18°  to  be  : 

M . . 0-05  0-1  0-2  0-4  0-6  0-9  1-5  2-25 

Sp.gr.  . 1 0099  1-0142  1 0258  1-0507  1-0773  1-1117  1-1800  1-2631 


E.  Moles  and  M.  Crespi  gave  1-802  for  the  sp.  gr.  and  147-5  for  the  mol.  vol. 
According  to  W.  Biltz  and  E.  Birk,  the  mol.  vol.  of  [CrCl2(H20)4]C1.2H20  is  145-2  ; 
of  [Cr(H20)6]Cl3,  148-1,  and  of  [CrCl(H20)5]Cl2.H20,  151-4.  The  mol.  vol.  of  the 
most  stable  of  the  chromic  salts,  the  dark  green  dichlorotetra-aquochromic  chloride 
dihydrate,  [CrCl2(H20)4]C1.2H20,  is  145-2,  that  of  the  grey  hexa-aquochromic 
chloride,  [Cr(H20)6]Cl3,  is  148-1,  and  that  of  the  least  stable,  the  light  green  mono- 
chloropenta-aquochromic  chloride  monohydrate,  [CrCl(H20)5]Cl2.H20,  is  151-4.  The 
mol.  vol.  thus  falls  with  increasing  stability,  as  for  organic  isomerides,  the  difference 
for  each  pair  being  2 per  cent.  The  mol.  vol..  of  chromous  chloride  hexahydrate  is 
129-6,  and  this  corresponds  with  a volume  of  14-5  for  each  mol.  of  water.  The  mol. 
vol.  of  the  water  in  the  chromic  chloride  hexahydrates  are  14-7, 15-2  and  15-7,  respec- 
tively, and  the  chromous  chloride  thus  corresponds  with  the  dark  green  chromic 
salt  and  may  be  formulated  [CrCl2(H20)4].2H20.  H.  Lessheim  and  co-workers 
discussed  the  electronic  structure.  J.  E.  Howard  and  W.  H.  Patterson  found 
that  the  effect  of  the  dark  green  salt  on  the  critical  soln.  temp,  of  binary  mixtures 
of  water  with  butyric  acid,  isobutyric  acid,  and  phenol,  and  of  ethyl  alcohol  and 
paraffin,  is  nearly  twice  that  due  to  the  violet  salt  for  concentrations  up  to  0-05M  ; 
above  this  cone.,  the  difference  becomes  progressively  smaller.  H.  C.  Jones  and 
H.  P.  Bassett  found  the  lowering  of  the  f.p.  of  aq.  soln.  of  M mol  of  the  salt  per 
litre  to  be  : 


M 

F.p. 


0-05 

-0-268° 


0-1 

-0-510° 


0-2 

-0-030° 


0-4 

-2-160° 


9-6  0-9 

-3-610°  -6-30° 


1-5 

-15-0° 


2-25 

-330° 


A = 450  475  500  525  550  575  600  625  650  675  700 


Measurements  were  also  made  by  G.  Marchetti,  and  A.  Werner  and  A.  Gubser. 
The  general  results  correspond  with  a mol.  wt.  nearly  half  the  theoretical  value 

266-6.  J.  R.  Partington  and  S.  K. 
Tweedy  observed  that  violet  soln. 
of  hexahydrated  chromic  chloride 
have  a higher  viscosity  than  anal- 
ogous green  soln.,  as  would  be 
anticipated  froili  A.  Werner’s  formu- 
lation of  these  salts.  A.  Recoura 
gave  for  the  heat  of  the  reaction 
(GrCLjgjeen  g0in..3NaOHsoin ) = 31 -5 
Cals,  at  10°,  and  the  precipitated 
, , ^ . hydroxide  dissolves  in  hydrochloric 

“My*  -o'ution  of  20-7  Cals., 
of  Different  Wave-lengths.  or  20-6  Cals,  according  to  E.  Peter 

sen ; the  resulting  soln.  is  blue. 
A.  Piccini  observed  that  the  raising  of  the  b.p.  in  methyl  alcohol  corresponds  with 
a mol.  wt.  of  about  50 ; in  ethyl  alcohol,  228 ; and  in  acetone,  271 ; the  theoretical 
value  is  266-6.  F.  Jost  also  obtained  a mol.  wt.  of  33-2  in  methyl  alcohol. 
A.  Recoura  said  that  soln.  appear  green  by  reflected  light,  and  red  by  transmitted 
light ; they  found  an  absorption  spectrum  with  a single  green  band  ; a candle-flame 
viewed  through  such  a soln.  appears  green  ; but  after  the  soln.  has  stood  for  10 
days  a red  band  appears,  and  the  flame  finally  appears  to  be  reddish- violet. 
W.  N.  Hartley  found  that  when  anhydrous  chromic  chloride  is  dissolved  in  water, 
two  kinds  of  salt  are  formed,  one  of  which  is  precipitated  by  ammonium  oxalate 
and  the  other  not  so.  A soln.  of  the  latter  in  thin  layers  at  20°  shows  a continuous 
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spectrum  up  to  about  A=500  when  bands  appear  at  A=704  to  685,  and  at  A=673 
to  538.  At  100°,  the  soln.  is  opaque.  Observations  were  made  by  J.  Formanek, 
W.  Lapraik,  J.  M.  Hiebendaal,  J.  L.  Soret,  H.  W.  Vogel,  G.  Magnanini,  0.  Knoblauch, 
A.  fitard,  H.  C.  Jones  and  J.  A.  Anderson,  and  H.  C.  Jones  and  W.  W.  Strong. 
N.  Bjerrum  found  for  the  three  hexahydrated  chromic  chlorides  the  mol.  extinction 
coefi.  illustrated:  by  Fig.  75  for  wave-lengths  ranging  from  A— 450  to  700. 
The  mol.  extinction  coeff.,  k,  is  defined  by  I0=Iekml,  where  10  is  the  intensity  of 
the  incident  light,  and  I the  intensity  after  traversing  a layer,  l cm.  thick,  of  a 
soln.  with  M mols  per  litre.  In  an  analogous  way,  A.  Byk  and  H.  Jaffe  measured 
the  limits  of  absorption  for  ultra-violet  rays  ranging  from  A=440  to  220,  and 
found  for  the  green  soln.  of  the  chloride  (eq.  to  5 grms.  of  chrome-alum  for  100  c.c.) 
an  absorption  band  A=490  to  409*1  ; and  for  violet  soln.  bands  A=433-l  to  400  0, 
and  A=400-0  to  385*5.  H.  W.  Vogel  measured  the  absorption  spectrum  of  alcoholic 
soln.  ; and  0.  Stelling,  the  X-ray  spectrum ; H.  C.  Jones  and  W.  W.  Strong,  the 
effect  of  the  presence  of  various  other  salts  in  the  soln.  of  chromic  chloride. 
N.  Bjerrum  found  the  mol.  electrical  conductivity,  fi  mhos,  of  aq.  soln.  with  M 
mols  per  litre  to  be : 

M . . . 0*00322  0*01074  0*00334  0 00998  0 0307  0 008 

H . . . 103*1  97*9  88*6  83*0  79*5  49*0 

Observations  were  also  made  by  A.  Werner  and  A.  Gubser,  H.  C.  Jones  and 
H.  P.  Bassett,  H.  C.  Jones  and  C.  A.  Jacobsen,  and  A.  B.  Lamb.  According  to 
A.  W.  Speransky,  the  mol.  conductivity  of  the  soln.  of  the  dark  green  salt,  is  about 
one-third  of  that  of  the  violet  salt.  This,  said  A.  Werner  and  A.  Gubser,  shows 
that  a smaller  proportion  of  ions  is  formed  by  the  ionization  of  the  salt,  so  that 
while  the  violet  salt  furnishes  four  ions  per  mol,  the  dark  green  salt  yields  only  2 ions. 
As  the  soln.  of  the  green. salt  is  allowed  to  stand,  the  ionization  proceeds  further, 
owing  to  the  partial  transformation  of  the  green  into  the  violet  salt — vide  infra. 

I F.  Jost  gave  for  the  mol.  conductivity  of  soln.  of  the  green  salt  in  methyl  alcohol, 
at  room  temp. : 

M.  . . 11-55  15*48  28*7  55*5  129-9 

fi  . . . 43-5  46-5  52-6  59-0  64-2  mhos. 

H.  C.  Jones  calculated  for  the  percentage  degree  of  ionization,  a,  and  gave  for  the 
number  of  mols  of  water,  H,  in  combination  with  a mol  of  the  salt  for  soln.  with 
M mols  of  salt  per  litre  : 


M . 

0-05 

0-1 

0-3 

0-6 

0-9 

1*5 

2-0 

2-25 

fi  . 

52-7 
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38-1 

31-2 

25-6 

16-9 

11-6 

9-6 

H . 
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66-6 

42-5 

39-2 

31-8 

26-0 

22-1 

20-2 
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465-10 

504-31 

543-02 

586-16 

0° 
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82-1 

87-2 

93-3 

100-0 

a 

25° 

32-8 

39-4 

52-4 
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79-6 

86-3 

92-9 
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35° 

34-3 

42-0 

55-0 

67-9 

80-2 

86-9 

93-6 

100-0 

H.  M.  Vernon  estimated  the  degree  of  ionization  from  the  colour  of  the  soln. 
K.  Hopfgartner’s  study  of  the  transport  numbers  also  led  him  to  assume  that  the 
chromic  ion  is  surrounded  by  a fairly  large  water  sheath.  F.  L.  S.  Jones  investi- 
gated the  formation  of  complex  anions  in  aq.  soln. — vide  infra,  chromic  sulphate. 
T.  Murayasu  studied  the  conductivity  in  soln.  of  the  salt  in  glycine.  N.  Demassieux 
and  J.  Heyrovsky  found  that  the  polarization  curve  shows  breaks  at  0*7  and  1*35 
volts,  indicating  that  the  electrochemical  reduction  occurs  in  two  stages  : Cr'"->Cr", 
and  Cr‘"->Cr.  The  presence  of  an  acid  does  not  exert  any  influence  on  the 
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deposition  potential,  and  this  is  taken  to  mean  that  H'-ions  do  not  enter  into  the 
electrolytic  process.  It  is  also  thought  that  the  observations  agree  with  the 
assumption  that  in  cone.  soln.  the  green  chloride,  [CrCl2(H20)4]C1.2H20,  is  present ; 
and  that  in  dil.  soln.  the  violet  form,  [Cr(H20)6]Cl2,  predominates  ; and  that  it  is 
easier  to  reduce  the  green  complex  than  is  the  case  with  the  violet. 

According  to  E.  Wiedemann,  the  atomic  magnetism  of  chromium  is  about  42, 
when  that  of  iron  in  ferric  chloride  is  42  ; and  the  result  is  independent  of  the  anion 
associated  with  the  chromium.  Similar  results  were  obtained  by  G.  Jager  and 
S.  Meyer.  Observations  on  the  subject  were  also  made  by  E.  Feytis,  and 

R.  H.  Weber.  E.  Feytis  gave  for  the  mol.  susceptibility  6181  XlO- 6 ; J.  B.  Elias, 
5920  x 10-6  ; and  L.  A.  Welo  found  the  susceptibility  to  be  22-6  X 10— 6 mass  unit. 

The  co-ordination  theory  of  the  constitution  of  the  hydrated  chromic  chlorides, 
said  I.  Koppel ,Jindet  ihre  stdrkste  Stiitzc  in  dem  verschiedenen  Verhallen  der  CMorid- 
losungen  bei  der  Fdllung  mil  Silberion  ; and  A.  B.  Lamb  and  G.  R.  Fonda  added  that 
the  application  of  the  theory  to  the  hydrated  chromic  chlorides  is  “ perhaps  the 
most  striking  exemplification  of  A.  Werner’s  theory  of  molecular  structure.” 
The  evidence  lacks  that  decisive  proof  which  would  make  the  alternative  hypotheses 
— e.cj.  the  hydrolysis  theory  of  their  constitution — untenable.  E.  M.  Peligot,  and 

S.  M.  Jorgensen  found  that  in  the  soln.  of  the  dark  green  chloride  two-thirds  of  the 
total  chlorine  is  precipitated  as  silver  chloride  from  newly  prepared  soln.  ; 
G.  N.  Wyrouboff  said  that  five-sixths  is  so  precipitated;  while  A. -Werner  and 
A.  Gubser  observed  that  at  0°,  about  one-third  of  the  chloride  is  so  precipitated — 
actually  the  amounts  precipitated  were  rather  greater  than  one-third.  If  the  soln. 
are  allowed  to  stand  in  contact  with  the  silver  salt,  all  the  chlorine  is  ultimately 
precipitated  as  chloride.  R.  F.  Weinland  and  A.  Koch  then  showed  that,  using 
various  silver  salts  as  precipitants  in  the  presence  and  in  the  absence  of  free  acids, 
the  proportion  of  chlorine  precipitated  depends  on  the  nature  and  quantity  of  the 
particular  silver  salt  employed.  In  the  absence  of  acids,  all  the  silver  salts  precipi- 
tated at  least  two-thirds  of  the  chlorine  as  chloride  ; the  presence  of  nitric  acid 
diminished  the  proportion  of  precipitable  chlorine  ; whereas  silver  salts  of  the  weak 
acids — e.g.  acetic,  lactic,  nitric  or  sulphuric  acid — immediately  precipitated  all  the 
chlorine.  Silver  salts  of  the  strong  acids — e.g.  nitric,  chloric,  perchloric,  or  per- 
manganic acid — did  not  precipitate  all  the  chlorine  as  chloride,  and  the  presence  of 
strong  acids  suppressed  the  precipitation  even  more.  A.  Piccini  also  found  that 
silver  fluoride,  like  silver  acetate,  precipitated  all  the  chlorine  as  chloride.  He  also 
found  that  a soln.  of  the  dark  green  hexahydrale  in  ethyl  alcohol  or  acetone  gives 
up  all  its  chlorine  to  an  alcohol  or  acetone  soln.  of  silver  nitrate,  whereas,  with 
methyl  alcohol  soln.,  the  results  approximate  to  those  obtained  with  water.  J.  Olie 
pointed  out  that  R.  F.  Weinland  and  A.  Koch  used  at  least  3 eq.  of  silver  salts  and 
found  at  least  two-thirds  of  the  chlorine  was  precipitated  ; and  he  obtained  similar 
results  even  with  only  2-11  eq.  of  silver  salt.  J.  Olie  showed  that  the  reaction 
[CrCl2(H.>0)4]C1.2H20->[Cr(Ho0)6]Cl3  is  retarded  or  paralyzed  by  strong  acids  or 
H -ions  ; and  he  explained  the  fact  that  whilst  the  silver  salts  of  strong  acids  preci- 
pitate only  part  of  the  chlorine,  and  silver  salts  of  the  weak  acids  precipitate  nearly 
all  the  chlorine,  owing  to  the  removal  of  H'-ions  by  the  silver  salts  of  the  weak  acids. 
The  action  of  neutral  salts,  such  as  sodium  and  ammonium  nitrates  on  precipitation 
by  silver  nitrate,  is  slight  with  small  concentration,  but  a large  amount  of  these 
salts  greatly  increases  the  proportion  of  chlorine  thrown  down.  Strong  acid  at  first 
cause  a decrease  in  the  proportion  of  chlorine  precipitated  until  in  certain  con- 
centrations only  one  eq.  is  affected ; more  cone.  soln.  cause  an  increase  in  the 
amount  precipitated.  Weak  acids  have  a much  smaller  effect.  The  great  effects 
of  strong  acids  and  neutral  salts  when  present  in  considerable  concentration  is 
attributed  to  a direct  exchange  of  the  chlorine  in  the  positive  nucleus  for  other 
groups.  A.  B.  Lamb  said  that  the  retarding  action  of  the  H‘-ions  on  the  isomeric 
change  can  be  explained  by  assuming  that  one  stage  of  the  process  involves  the 
hydrolysis  of  the  dark  green  chromic  salt,  say,  [CrCl2(H20)4]+Cl'+0H'-f H 
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^[CrCl2(H20)4]0H4-H‘+Cr.  The  chlorine  in  the  central  group  may  also  be 
displaced  by  an  analogous  process  of  ionization.  At  equilibrium,  the  cone,  of 
the  base  will  be  directly  proportional  to  the  cone,  of  the  OH'-ion,  and  consequently 
also  with  water  in  excess,  inversely  proportional  to  the  cone,  of  the  H'-ion  ; and 
if  this  hydrolyzed  product  be  the  compound  which  passes  into  the  violet  form  by  a 
slow  reaction,  the  colour  change  will  be  proportional  to  the  cone,  of  the  OH'-ion, 
and  inversely  as  the  cone,  of  the  H'-ion.  Hence  the  retarding  action  of  H'-ions 
on  the  colour  change,  and  precipitation.  The  acidity  of  the  [Cr(H20)6]"'-ion  was 
found  by  J.  N.  Bronsted  and  C.  V.  King  to  be  governed  by  the  ionization  : 
[Cr(H20)6]"’^H'-f  [Cr(0H)(H20)5]'',  and  the  variation  of  the  ionization  constant, 
K,  with  the  cone,  is  in  agreement  with  log  7r=log  K„ — Z^y'/x,  where  /x  is  the 
ionic  strength  ; Ka,  the  acid  ionization  constant ; and  Z,  the  valency  of  the  ion. 

N.  Bjerrum  measured  the  degree  of  hydrolysis  of  soln.  of  chromic  chloride  from 
potential  of  the  hydrogen  electrode  in  the  cell  H2  | CrCl3Boin.,KClsat.  soin.  | 0-1 N- 
calomel  electrode.  Assuming  that  CrCl3-f  H20=CrCl2(0H)4-HCl,  or  more  simply, 
Cr"'-f H20=Cr(0H)"-|-H',  the  hydrolysis  constant  Ar=[H'j[Cr(OH)"]/[Cr'"]. 
At  25°  it  was  found  that  for  the  soln.  of  the  dark  green  salt  K varied  from  3-25  x 10  6 
to  4-3x10  6,  and  it  is  less  marked  than  is  the  case  with  the  soln.  of  the  violet  salt 
■ — vide  infra.  J.  Olie  also  obtained  a similar  conclusion  with  respect  to  hydrolysis 
by  showing  that  iodine  is  more  rapidly  separated  from  a mixture  of  potassium 
iodide  and  iodate  (5  : 1)  by  soln.  of  the  violet  salt  than  is  the  case  with  soln.  of  the 
green  salt.  A.  B.  Lamb  and  G.  R.  Fonda  obtained  for  the  hydrolysis  constant 
7f=l-8xl0-6  to  2-0 Xl0-6  calculated  from  the  conductivities  of  soln.  in  different 
proportions  of  hydrochloric  acid,  and  from  the  rate  of  transformation : 
[Cr(H20)4Cl2lCl->[Cr(H20)6]Cl3.  J.  Sand  and  F.  Grammling  studied  the  gradual 
hydrolysis  of  the  green  salt  by  sodium  hydroxide.  Observations  were  also  made 
by  H.  G.  Denham,  .and  G.  van  Pelt. 

H.  de  Senarmont  heated  an  aq.  soln.  of  chromic  chloride  in  a sealed  tube  and 
obtained  chromic  oxide.  According  to  H.  Lowel,  a soln.  of  the  green  chloride  in 
three  to  five  times  its  weight  of  water,  develops  hydrogen  when  treated  with 
granulated  zinc  in  the  absence  of  air.  A blue  soln.  of  chromous  chloride  is  formed. 
If  the  soln.  be  acidified,  the  zinc  acts  more  quickly.  The  soln.  slowly  deposits  the 
chromium  as  oxychloride.  Iron  does  not  reduce  the  chromic  chloride,  but  it  forms 
hydrogen  and  chromium  oxychloride.  If  the  soln.  be  boiled  with  tin,  in  the 
absence  of  air,  hydrogen  is  developed  but  the  soln.  remains  green,  and  on  cooling 
crystals  of  tin  chloride  are  deposited. 

A.  del  Campo  obtained  chromic  triaquotrichloride,  [CrCl3(H20)3],  by  the  action 
of  hydrogen  chloride  on  a soln.  of  the  green  chloride,  [CrCl2(H20)4]Cl.H20,  at  90° 
to  100°,  under  press. 

A.  Hiendlmayr  prepared  chromic  fluopentamminodichloride,  [Cr(NH3)5F]Cl2, 
by  the  action  of  hydrochloric  acid  on  a soln.  of  the  corresponding  fluoride.  An  aq. 
soln.  of  the  yellow,  four-sided  plates  gives  no  precipitate  with  potassium  ferri- 
cyanide,  but  if  acetone  be  added  there  is  a green  precipitate  ; hydrofluosilicic  acid 
gives  no  precipitate ; and  sodium  picrate  gives  a yellow  precipitate  consisting  of 
fine  needles. 

The  blue,  greyish-blue,  or  violet  hexahydrate,  CrCl3.6H20. — This  salt  was 
obtained  by  A.  Recoura  by  heating  a 50  per  cent.  soln.  of  the  dark  green  chloride 
for  some  minutes  at  80°,  and  then  treating  it  with  hydrogen  chloride  at  0°,  when 
crystals  of  the  violet  hexahydrate  separate  out.  A.  Werner  and  A.  Gubser  used  a 
similar  process,  boiling  the  soln.  for  an  hour  before  treatment  with  hydrogen  chloride 
at  0°.  H.  W.  B.  Roozeboom  and  J.  Olie  said  that  the  precipitation  of  the  violet 
salt  by  passing  hydrogen  chloride  into  soln.  of  the  green  salt  previously  heated  to 
100°  is  possible,  because  at  the  latter  temp,  the  green  salt  rapidly  passes  into  the 
violet  salt  with  which  it  assumes  a state  of  equilibrium,  and  the  reverse  change  is 
slow  enough  to  allow  the  precipitation  of  the  violet  salt  at  a temp,  where  the  green 
salt  is  the  stable  state.  A.  del  Campo  and  co-workers  obtained  the  hexa-aquo- 
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chloride  by  the  action  of  hydrogen  chloride  on  a soln.  of  the  violet  sulphate  at  a low 
temp.  G.  0.  Higley  passed  hydrogen  chloride  into  a filtered  soln.  of  250  grms.  of 
chrome  alum  in  1000  c.c.  of  cone,  hydrochloric  acid  and  250  c.c.  of  water  at  10°-15°. 
The  crystals  were  dissolved  in  water  and  again  precipitated  witli  hydrogen  chloride, 
and  freed  from  the  green  isomer  by  washing  with  acetone.  N.  Bjerrum  used  the 
following  process : 

Hydrogen  chloride  was  passed  into  a soln.  of  40  grms,  of  enneahydrated  chromic  nitrate 
in  40  grms.  of  water  and  40  c.c.  of  38  per  cent,  hydrochloric  acid,  cooled  by  running  water. 
The  precipitate  was  washed  on  asbestos  with  fuming  hydrochloric  acid,  mixed  with  30  c.c. 
of  cone,  hydrochloric  acid  and  again  precipitated  with  hydrogen  chloride.  The  mother- 
liquor  was  decanted  from  the  crystals.  The  crystals  were  then  washed  with  acid-free 
acetone,  and  dried  over  sulphuric  acid  in  vacuo.  The  yield  was  24-5  grms.— theoretical 
26-7  grms. 
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Analyses  in  agreement  with  the  formula  CrCl3.6H20  were  made  by  A.  Werner 
and  A.  Gubser,  and  R.  F.  Weinland  and  A.  Koch — A.  Recoura  gave  CrCl3.6|H20. 

The  colour  of  this  form  of  chromic  chloride  ranges 
from  grey  to  violet.  According  to  J.  Olie,  they 
form  six-sided,  monoclinic  prisms — R.  F.  Weinland 
and  A.  Koch  added  that  lozenge-shaped  plates  are 
rare.  W.  Biltz  and  E.  Birk  gave  1-800  for  the 
sp.  gr.  at  25°/4° ; and  148-1  for  the  mol.,  vol. 
J.  Olie  found  the  m.p.  of  the  violet  form  to  be  95°, 
and  the  m.p.  curve  of  mixtures  of  the  violet  and 
dark  green  forms  is  shown  in  Fig.  76.  The  natural 
m.p. — 10.  57,  5 — of  the  green  form  is  83°,  but  that 
temp,  really  represents  a mixture  of  the  green 
form  with  36  per  cent,  of  the  violet  chloride.  By 
extrapolation,  the  m.p.  of  the  green  chloride  is 
over  90°.  The  salt  can  be  slowly  heated  to  100° 
in  vacuo  without  melting.  Unlike  the  dark  green  salt,  the  violet  chloride  loses 
no  water  when  confined  over  sulphuric  acid  at  ordinary  temp.  S.  Aoyama 
and  co-workers  studied  the  X-ray  absorption  and  constitution.  E.  Fevtis 
found  the  magnetic  susceptibility  to  be  22-2 xl0~®  mass  unit;  and  R.  H.  Weber 
made  observations  on  this  subject.  A.  Werner  and  A.  Gubser  found  that  the 
violet  salt  is  more  hygroscopic  than  the  dark  green  salt ; it  is  easily  soluble 
in  water.  As  in  the  case  of  the  dark  green  salt,  the  solubility,  S per  cent.,  of 
the  violet  chloride  at  25°  gradually  increases  with  time  owing  to  its  passage  into 
the  green  isomer.  After  a maximum  of  72-22  per  cent,  has  been  attained,  there 
follows  a slow  separation  of  the  green  salt  (where  the  data  are  superscribed 
with  an  asterisk)  : 


Fio.  76. — Melting-point  Curve 
of  the  Dark  Green  and  Violet 
CrCl,.6H„0. 
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A.  Recoura  gave  12-02  Cals,  for  the  heat  of  soln.  per  mol ; and  for  the  heat  of  for- 
mation (CrCl3.6H20)=18-6  Cals.  J.  Olie  estimated  the  heat  of  transformation 
from  the  dark  green  isomer  to  be  —2-66  Cals.  N.  Bjerrum  found  that  the  violet 
salt  passes  into  the  green  form  particularly  if  moisture  be  present.  J.  Olie  found 
the  violet  salt  to  be  almost  insoluble  in  absolute  alcohol ; whereas  A.  Werner  and 
A.  Gubser  said  that  it  is  easily  soluble  in  alcohol,  and  insoluble  in  acetone.  The 
behaviour  of  the  salt  on  drying  ; on  treatment  with  silver  nitrate  ; and  the  con- 
ductivity of  its  aq.  soln.  are  taken  to  be  in  agreement  with  the  assumption  that  the 
violet  salt  is  chromic  hexaquotrichloride,  [Cr(H20)6]Cl3,  with  no  masked  chlorine 
atoms.  L.  A.  Welo  gave  22-4x10“ 6 mass  units  for  the  magnetic  susceptibility. 

Aq.  soln.  of  the  violet  hexahydrate  are  violet ; and  H.  Lowel,  and  A.  Recoura 
obtained  the  violet  soln.  by  adding  barium  chloride  to  a soln.  of  the  violet  sulphate. 
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A.  Recoura  observed  that  if  hydrated  chromic  oxide  be  precipitated  from  the  green 
soln.,  and  then  dissolved  in  hydrochloric  acid,  a violet  soln.  is  obtained.  J.  Olie 
obtained  the  violet  soln.  by  adding  alkali  salts  to  the  green  soln.,  or  by  shaking  the 
green  soln.  with  barium  carbonate,  and  dissolving  the  gelatinous  hydrated  chromic 
oxide  in  acids.  J.  Olie,  and  N.  Bjerrum  found  that  the  velocity  of  transformation 
of  the  green  into  the  violet  soln.  is  favoured  by  a high  degree  of  hydrolysis  of  the 
soln. ; and  A.  B.  Lamb  observed  that  sodium  acetate  accelerated  the  transformation 
from  green  to  violet  soln.,  while  A.  Recoura,  and  L.  Godefroy  showed  that  acids 
retard  the  transformation,  and  N.  Bjerrum  found  that  nitrates  favour  the  green 
chloride.  V.  V.  KurilofE  observed  that  the  transformation  from  green  to  violet 
soln.  is  favoured  by  exposure  to  light.  There  appears  to  be  a state  of  equilibrium 
between  the  green  and  violet  hexahydrates  in  aq.  soln.  which  is  slowly  attained. 
Thus,  at  25°,  J.  Olie  found  that  with  a green  soln.  of  the  percentage  cone.,  C,  the 
percentage  proportions  of  the  two  hexahydrates  in  the  soln.  when  equilibrium  is 
attained,  are 


c 

3 

19-70 

22-72 

34-70 

50-19 

57-57 

68-50  per  cent. 

Violet  . 

100 

93-1 

95-1 

87-1 

68-7 

60 

42-5 

Green  . 

0 

6-9 

4-9 

12-9 

31-3 

40 

57-5 

The  same  state  of  equilibrium  is  attained  if  a violet  soln.  be  used,  for  in  that  case 
the  violet  salt  slowly  passes  into  the  green  salt  until  equilibrium  is  attained.  It  will 
be  observed  that  the  more  dilute  the  soln.,  the  greater  the  corresponding  proportion 
of  violet  salt  for  the  equilibrium  state.  Raising  the  temp,  results  in  an  increase  in 
the  proportion  of  green  salt.  Thus,  at  84°, 

C . . 53-7  55-8  60-8  80-25  per  cent. 

Violet  . . 68-10  48-51  48-15  37-35 

Green  . . 31-90  51-49  51-85  62-65 

The  speed  of  the  transformation  was  measured  by  N.  Bjerrum  by  measuring 
the  change  in  the  electrical  conductivity  or  the  change  in  the  vol.  of  the  soln.  ; 
and  A.  Heydweiller,  by  measuring  the  change  in  the  conductivity,  and  in  the  sp.  gr. 
of  the  soln.  I.  Koppel,  and  A.  Werner  and  A.  Gubser  found  that  the  velocity  of 
transformation  increases  with  the  decreasing  cone.,  and  with  increasing  temp. 
Thus,  with  soln.  containing  a mol  of  chromic  chloride  in  125  litres  of  water,  the 
molar  conductivities  /jl  mho,  after  the  elapse  of  different  periods  of  time,  were 

Time  0 2 6 10  22  32  375  mins. 

ju  . . . 110-9  134-8  166-1  181-3  211-9  225-4  307-4  mhos. 

at  25°,  and  at  0°,  changing  the  unit  from  minutes  to  hours, 

Time  .0  0-5  6 18  24  73  88  lira. 

. 56-6  60-0  81-2  106-6  115-9  149-7  164-2  mhos. 

and  A.  Heydweiller  gave  for  soln.  with  0-427  and  0-853  mols  of  the  green  salt  per 
litre. 

Time  0 7 12  20  40  61  153  min. 

/ 0-427  . 42-75  57-81  62-33  65-60  67-53  67-67  —mhos. 

MO-853  . — 79-85  84-3  89-0  96-0  98-0  99-7  „ 

N.  Bjerrum  found  the  results  did  not  agree  with  the  velocity  equation  for 
monomolecular  reactions  ; but  the  results  were  better  represented  by  velocity 
equations  for  two  consecutive,  bimolecular  reactions,  on  the  assumption  that  the 
reaction  involves  the  sequence  of  changes : [C^^O^CyCl-^Crf^OjgCrjC^ 
->[Cr(H20)6]Cl3.  If  x,  y,  z respectively  denote  the  concentrations  of  these  three 
salts,  then  dx/dt= — k^x,  and  dx/dt=k2y.  It  was  found  that  at  25°,  &1=0-C0272 
+00000162/$,  and  &2=(31/s+0-005/s2)10~7,  where  s denotes  the  cone,  of  free 
hydrochloric  acid.  For  soln.  with  M mols  of  dark  green  chromic  chloride,  the 
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percentage  conversion,  x,  at  the  time  t minutes,  is  as  follows.  With  M =0-008  at 
1°  in  aq.  soln., 


Time  . 

20  80 

890 

1490 

4430 

oo  mins. 

X 

2-5  8-3 

38-8 

.32-9 

80-1 

100-0  mhos. 

For  M=0-00322 

at  25°  in  aq.  soln., 

Time  . 

2 6 

30 

90 

120 

210  mins. 

X 

15-7  30-8 

61-3 

82-0 

86-6 

93-9  mhos. 

For  M=0-01074 

at  25°  in  aq.  soln., 

Time  . 

3 9 

30 

90 

180 

oo  mins. 

X 

13-9  27-9 

49-1 

69-6 

81-2 

100-0  mhos. 

The  addition 

of  chlorides  displaces  the 

equilibrium  : 

Cr(H20)6""-f3GT 

^[CrCl(H20)5]‘'+2GT+H20^[CrCl2(H.,0)4]‘+C'l'-}-2H20,  in  accord  with  the  law 
of  mass  action,  namely,  from  left  to  right.  For  M=0-01007  at  25°  in  the  presence 
of  OOlOOA-NaCl, 

Time  . . 3 9 33  G8  451  1564  mins, 

x . . 13-9  27-9  51-4  65-2  94  0 99-9  mhos. 

Similarly,  hydrochloric  acid  favours  the  green  chloride.  For  M=0-00965  at  25° 
in  the  presence  of  0-01020A-HC1, 

Time  . 20  60  100  290  2754  7140  mins. 

x .3-8  11-4  18  0 38-4  76-7  94-5  mhos. 

The  effect  of  temp,  is  very  pronounced — between  1°  and  25°,  kx  increases  4-8  times 
per  10°,  and  k2>  4 times.  M.  E.  Baldwin  also  studied  the  effect  of  neutral  chlorides 
on  the  transformation,  and  found  that  the  hydrogen-ion  cone,  of  chromium  chloride 
soln.  is  increased  by  the  presence  of  neutral  chlorides,  although  the  total  amount 
of  acid  hydrogen  remains  constant.  When  the  salts  are  arranged  in  order  of 
increasing  effect,  the  following  series  is  obtained  : (KC1,  NH4C1),  NaCl,  LiCl,  BaCl2. 
I.  Koppel  found  that  in  alcoholic  soln.,  the  transformation  increases  with  dilution 
and  with  temp.  With  a mol  of  the  salt  in  214-36  litres  of  alcohol  at  0°, 


Time  . 

X 

. 12  18  24  42 

5-71  7-15  8-32  10-99 

95 

14-79 

oo  min. 
16-80  mhos. 

and  with  a 

mol  of  the  salt  in  273-9  litres  of  alcohol  at  0°, 

Time  . 

X 

. 10  30  81  141 

2-88  5-47  8-50  9-95 

231 

10-95 

oo  mins. 
11-25  mhos. 

N.  Bjerrum  found  that  there  is  a marked  contraction  in  vol.  as  the  green  soln. 
passes  into  the  violet  soln. ; a mol  of  the  green  salt  per  litre,  at  25°,  changes  the 
sp.  gr.  of  the  soln.  from  1-125  to  1-139  as  it  passes  into  the  violet.  The  sp.  gr.  of 
soln.  of  the  violet  hexahydrate  have  not  been  directly  determined,  although  some 
observations  of  A.  Heydweiller  gave  approximate  values — vide  infra.  For  the 
effect  of  the  violet  salt  on  the  critical  soln.  temp,  of  some  binary  mixtures,  vide 
supra,  the  dark  green  salt.  Expressing  cone,  by  the  number  of  grams  of  the  salt, 
CrCl3.6H20,  in  100  grms.  of  water,  G.  Marchetti  found  for  the  lowering  of  the  f.p., 

CrCl3.6H„0  . 0-9698  2-2345  5-0046  8-1770  12-5039 

F.p.  • -0-240°  -0-0520°  -1-195°  -2-100°  -3-560° 

and  the  calculated  values  for  the  mol.  wt.  range  from  60-7  to  81-6.  A.  Werner 
and  A.  Gubser  also  obtained  mol.  wts.  74-8  to  79-1  from  observations  on  the  f.p. 
The  theoretical  value  is  266-6,  so  that  it  is  inferred  that  the  ionization  of  the  salt 
furnishes  4 ions.  F.  Jost  obtained  mol.  wts.  of  54-7  and  60-3  from  the  b.p.  of  soln. 
of  the  violet  chloride  in  methyl  alcohol.  A.  Recoura  gave  for  the  thermal  value 
of  the  reaction  CrCl3vi0|et  soin.+3NaOHSo|n.=Cr(OH)3-|-3NaCl-i-22-2  Gals.,  and 
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the  precipitated  hydroxide  gives  a blue  soln.  in  hydrochloric  acid  and  develops 
20-7  Cals.  The  absorption  spectrum  of  the  soln.  was  discussed  in  connection  with 
that  of  the  dark  green  hydroxide,  and  there  is  a broad  red  absorption  band  in 
addition  to  the  bluish-green  band.  N.  Bjerrum  gave  for  the  molar  electrical 
conductivity,  fi  mho,  of  aq.  with  M mols  of  salt  per  litre,  at  25°, 

M . 000097  000195  000390  000779  001559  003118 

ti  . 457-7  420-5  384-6  353-1  324-6  296-2 

Measurements  were  also  made  by  A.  Werner  and  A.  Gubser,  A.  Heydweillcr, 
L.  G.  Winston  and  H.  C.  Jones,  and  E.  J.  Schaeffer  and  H.  C.  Jones. 
A.  W.  Speransky  also  found  that  the  conductivity  of  the  violet  soln.,  at  25°,  is 
ju25»=324-5  when  that  of  the  green  soln.  under  similar  conditions  is  jn26°=126.  This 
is  taken  to  prove  that  the  violet  salt  furnishes  more  ions  per  mol  than  is  the  case 
with  the  green  salt.  F.  Jost  found  for  the  conductivity  of  the  violet  salt  in  methyl 
alcohol, 

M . . 90-99  59-77  32-12  25-39  16-87 

/x  . . 97-7  90-1  78-7  74-1  67-7  mhos. 

K.  Hopfgartner  found  the  transport  numbers  for  violet  .chromic  chloride  in  1-00, 
0-32,  and  0-075  eq.  soln.  to  be  respectively  0-318,  0-357,  and  0-414,  or  extrapolating 
to  zero  concentration,  0-446.  The  mobilities  of  the  ions  are  respectively  53,  49-5, 
and  46-3.  These  results  indicate  that  the  chromic  ion  is  probably  surrounded  by 
a fairly  large  water  sheath.  N.  Bjerrum  found  the  constant  of  hydrolysis,  as  in 
the  case  of  the  dark  green  salt,  and  the  percentage  degree  of  hydrolysis,  to  be  : 

0°  25°  50° 

K ...  . 0-000022  0-000098  0-00034 

„ . . • \ 0-1M-  1-5  3-1  5-7 

HydiolysisJ0001M  13.8  26-7  43.7 

A.  B.  Lamb  and  G.  R.  Fonda  gave  K =1-58  X 10~4  at  25°.  N.  Bjerrum’s  value  was 
7l=0-98x  10~4  at  25°.  H.  G.  Denham,  and  G.  van  Pelt  made  observations  on  this 
subject,  for  the  violet  hexahydrate  is  intermediate  between  the  value  for  aluminium 
chloride  7l=0-14x10~4,  and  the  value  for  ferric  chloride,  25  X 10-4.  Observations 
were  made  by  J.  N.  Bronsted  and  K.  Volqvartz.  K.  H.  Gustavson  found  that 
the  addition  of  progressive  amounts  of  sodium  chloride  to  soln.  of  chromic  chloride 
causes  an  initial  increase  in  the  H'-ion  cone,  represented  by  the  value  of  pa,  and  this 
is  followed  by  a decrease  with  greater  cone,  of  the  sodium  chloride.  The  latter  effect; 
is  due  to  the  increase  in  cone,  of  the  chromium  salt  by  hydration  of  the  sodium 
chloride.  The  former  change  is  most  marked  in  dil.  soln.  of  lesser  acidity.  It  is 
supposed  to  be  due  to  changes  in  the  composition  of  the  internal  sphere  in  the 
chrome  complex,  different  modifications  of  the  basic  aquo-chromic  chlorides 
existing  analogous  to  the  normal  chlorides  [Cr(H20)6]Cl3,  [Cr(H20)5Cl]Cl2,  and 
[Cr(H20)4Cl2]Cl.  The  addition  of  sodium  chloride  will  favour  the  formation  of 
compounds  with  chlorine  co-ordinately  attached,  and  the  increase  in  chlorine  ions 
is  evidenced  by  decrease  in  the  electric  charges  of  the  cation  and  by  an  increase, 
in  pa.  If  sodium  chloride  is  replaced  by  magnesium  chloride,  this  effect  is  masked 
by  the  greater  hydration  tendency  of  the  magnesium  salt.  The  point  at  which 
precipitation  occurs  during  addition  of  sodium  hydroxide  is  not  a function  of  pa, 
but  is  proportional  to  the  ratio  of  chlorine  to  chromium  in  the  complex  cation. 

J.  Sand  and  F.  Grammling  measured  the  velocity  with  which  the  violet  hexa- 
hydrate liberates  iodine  from  a mixture  of  potassium  iodide  and  iodate,  and  found 
the  results  to  be  in  agreement  with  the  assumption  that  the  molecule  is  Cr2Cl6.12H20, 
and  not  [Cr(H20)6]Cl3.  H.  W.  Fischer  found  that  the  solubility  of  chromium 
hydroxide  in  an  aq.  soln.  of  green  chromic  chloride  is  not  directly  proportional  to 
the  cone,  of  the  latter.  A basic  chloride  is  probably  formed.  From  a soln.  of 
chromium  hydroxide  in  aq.  chromic  chloride,  the  former  cannot  be  precipitated 
either  by  the  addition  of  electrolytes  or  by  the  action  of  heat ; part  of  it  is  supposed 
VOL.  xi.  2c 


76°  100° 

0-00103  0-00264 

9-6  15-0  per  cent. 

62-3  77-4  „ 
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to  be  in  soln.  in  the  colloidal  form  and  part  in  the  form  of  a compound  containing 
chlorine.  C.  R.  C.  Tichborne  said  that,  owing  to  hydrolysis,  the  green  colour  of  the 
chromic  salts  is  due  to  the  formation  of  basic  salts.  The  fact  that  the  simplest 
way  to  convert  the  green  soln.  into  a violet  soln.  is  by  boiling  ; that  the  change  in 
colour  of  the  green  soln.  is  accompanied  by  the  liberation  of  an  acid,  and  the  fact 
that  incomplete  precipitations  with  silver  nitrate  (and  barium  chloride)  is  a property 
common  with  elements  known  to  be  colloidal,  led  H.  T.  S.  Britton  to  assume  that  the 
green  soln.  contain  colloidal  chromium  hydroxide  in  which  the  cations  of  the 
colloidal  electrolyte  consist  of  chromium  hydroxide  associated  with  varying 
amounts  of  acid  radicle.  He  showed  that  at  18°,  0-0133iV-soln.  of  blue  and  green 
chromic  chloride  have  respectively  an  e.m.f.  of  0-467  and  0-409  volt  against  the 
A-calomel  electrode  ; the  H‘-ion  cone,  are  pn=3T9  and  2-18  ; and  the  percentage 
hydrolysis  1-62  and  16-4.  In  the  electrometric  titration  with  sodium  hydroxide, 
precipitation  began  when  the  e.m.f.  were  respectively  0-588  and  0-586  volt,  when 
2>h=5'28  and  5-25  ; or  when  1-07  and  1-43  eq.  of  NaOH  per  eq.  of  Cr  had  been 
added  ; and  precipitation  was  complete  when  2-78  and  2-15  eq.  of  alkali  had  been 
added.  J.  E.  Howard  and  W.  H.  Patterson  found  that  the  effect  of  the  violet  and 
green  salts  on  the  critical  soln.  temp,  of  various  mixtures  is  much  greater  than 
would  be  the  case  if  the  difference  in  the  green  and  violet  salts  were  due  to  the 
presence  of  basic,  colloidal  aggregates  in  the  former.  Colloids,  per  se,  have  usually 
a very  small  influence  on  the  critical  soln.  temp.  A.  W.  Ralston  and  J.  A.  Wilkin- 
son found  that  soln.  of  the  green  and  violet  salts  in  liquid  hydrogen  sulphide  are 
non-conducting. 

A.  Recoura  passed  hydrogen  chloride  into  a soln.  of  chromic  chloride  for  some 
days.  The  soln.  turns  brown  and  then  red,  presumably  because  of  the  formation 
of  a soluble  complex  CrCl3.nHCl.  On  adding  ether,  this  complex  is  precipitated  in 
unstable  green  needles.  R.  Schwarz  and  G.  Meyer  found  that  while  anhydrous 
chromic  chloride  does  not  take  up  hydrogen  chloride  readily,  the  violet  hexa- 
hydrated  chloride  forms  some  complexes ; and  the  green  salt  [Cr(H20)4C1.2]C1.2H20 
forms  some  complex  chlorochromic  acids  at  —50°,  namely  tetrachlorochromic  acid, 
CrCl3.HC1.6-5H20,  pentachlorochromic  acid,  CrCl3.2HC1.8-5H20,  and  hexachloro- 
chromic  acid,  CrCl3.3HCl.lO5H20,  as  dark  green  compounds  which  decompose 
when  heated.  J.  R.  Partington  and  S.  K.  Tweedy  obtained  impure  tetrachloro- 
chromic  acid,  CrCl3.HC1.6H20,  as  a precipitate  by  slowly  saturating  at  0°  a cone, 
soln.  of  dark  green  chromic  chloride  mixed  with  an  equal  vol.  of  ether.  It  is 
washed  with  dry  ether. 

The  hydrolysis  of  chromic  chloride  formerly  represented  by  CrCl3-f-H20 
^Cr(OH)Cl2+HCl ; Cr(OH)Cl2+H2CMCr(OH)2Cl+HCl ; and  Cr(0H)2Cl+H20 
^Cr(OH)3+HCl,  is  now  represented  by  A.  Werner,  and  P.  Pfeiffer  as  involving  the 
formation  of  hydroxyl-compounds  in  the  stages  : 


[Cr(H80)6]Cl3-»[cr(H0^ 


With  increasing  hydrolysis,  the  H'-ion  cone,  of  the  soln.  also  increases.  According 
to  N.  Bjerrum,  with  ageing,  or  more  rapidly  with  heating,  the  hydroxyl  com- 
pounds suffer  an  internal  change  producing  the  so-called  ol-salts,  which  in  contact 
with  acids,  are  more  stable  than  the  hydroxyl  salts.  The  action  is  represented 
graphically  : 

2[(H20)A/oH]C12=[(H*0^Cr/HO/Cr(H20)4]Cl4 


so  that  the  molecular  vol.  o.f  the  salt  in  soln.  increases  and  may  assume  the  character 
of  the  colloid.  When  an  acid  is  added  to  a hydroxyl  compound  some  is  consumed 
in  reversing  the  change  to  form  an  aquo-compound  [Cr— OH]-f-  HCl=[Cr...H20]Cl, 
but  with  an  ol-salt  the  first  addition  of  acid  simply  increases  the  acidity  of  the  soln., 
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and  thereafter  gradually  reforms  the  hydroxyl  salt  which  then  passes  into  the 
aquo-salt : 

[(H20)A/HO^Cr(H*0)*]C1^2[(H2°)«Cr/Ho]C1^2[Cr(Ha0)<>]Cl3 

The  resistance  offered  by  the  different  chromium  complex  salts  to  this  change 
depends  on  the  nature  of  the  complex  radicles — chloride,  sulphate,  formate,  oxalate, 
etc.  With  longer  ageing,  or  heating,  a more  drastio,  irreversible,  internal  change 
occurs,  which,  according  to  D.  Balanyi,  results  in  the  formation  of  oxy-salts,  a 
change  which  makes  the  mother-liquor  more  acidic,  thus  : 

[HACr/^/Cr(H80)4]c11^[(H20)4Cr/^Cr(Ht0)4] 

->[(H20)4Cr(^;Cr(H20),] 

The  resulting  product  is  not  attacked  by  standing  in  contact  with  cold  dil.  hydro- 
chloric acid. 

E.  Stiasny  and  0.  Grimm  found  that  the  properties  of  chromic  chloride  soln. 
depend  largely  on  whether  the  liquor  is  heated  before  being  rendered  basic,  on  the 
degree  of  basicity,  on  the  heating  or  ageing  after  being  rendered  basic,  and  on 
ageing  after  heating.  When  a basic  chromium  chloride  soln.  is  boiled  for  5 mins,  the 
Ph  value  alters  and  only  recovers  after  three  days.  It  also  decreases  on  ageing  until 
it  reaches  2-79  after  four  weeks  ; the  addition  of  hydrochloric  acid  postpones  the 
“ ageing  ” effect.  Heating  before  rendering  the  soln.  basic  causes  chlorine  to 
enter  the  chromium  complex,  but  there  is  no  chlorine  in  the  complex  after  the  soln. 
has  been  rendered  basic  and  aged  for  a short  time.  The  boiling  of  the  soln.  before 
rendering  it  basic  encourages  the  formation  of  “ ol  ” compounds  ; “ ageing  ” has 
the  same  effect.  Boiling  is  more  effective  in  the  formation  of  “ ol  ” compounds 
and  oxygen  bridges  after  the  liquor  has  been  made  basic  than  before.  Heating 
increases  the  precipitation  value  both  of  normal  and  basic  chromic  chloride  soln. 
owing  to  the  formation  of  “ ol .”  compounds  which  are  less  easily  precipitable  than 
the  hydroxy-compounds.  -The  heating  effect  is  more  pronounced  with  the  more 
basic  salts.  Ageing  diminishes  the  precipitation  value  of  heated  soln.  of  normal 
chloride  which  have  not  been  heated,  and  of  soln.  of  the  basic  salt  w hich  have  been 
heated  before  and  after  rendering  basic,  but  increases  the  value  for  basic  soln. 
which  have  been  boiled  before  rendering  basic  only.  The  dialytic  properties  of 
the  different  types  of  chromium  chloride  soln.  are  almost  the  same,  showing  that 
conversion  into  “ ol  ” compounds  does  not  result  in  the  formation  of  large  molecules 
unless  the  basicity  exceeds  33  per  cent.  T.  Murayasu  found  that  the  electrical 
conductivity  of  the  soln.  of  chromic  chloride  is  increased  by  adding  glycocoll. 
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J.  Olie,  Zeit.  anorg.  Chem.,  51.  50, 1906  • 52. 62, 1907  ; 53.  273,  1907  ; I.  Koppel,  ib.,  28.  461,  1901 ; 
W.  Biltz  and  E.  Birk,  ib.,  134.  125,  1924 ; 150.  20,  1925  ; R.  Schwarz  and  G.  Meyer,  ib.,  186. 
190,  1927  ; R.  F.  Weinland  and  A.  Koch,  ib.,  39.  328,  1904  ; R.  F.  Weinland  and  T.  Schumann, 
Ber.,  40.  3093,  1907  ; Zeit.  anorg.  Chem.,  58.  176,  1908  ; H.  W.  Fischer,  ib.,  40.  44,  1904  ; Unter- 
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einiger  Chrom-  und  Eisensalzlosungen  im  Icurzwelligen  Spektralgebiete,  Potsdam,  1909  ; A.  Byk 
and  H.  Jaffe,  Zeit.  phys.  Chem.,  68.  323,  1909  ; E.  Petersen,  ib.,  4.  384,  1889  ; J.  N.  Bronsted 
and  C.  V.  King,  ib.,  130,  584,  699,  1927  ; H.  C.  Jones,  Hydrates  in  Aqueous  Solution,  Washington, 
89,  1907  ; H.  C.  Jones  and  H.  P.  Bassett,  Amer.  Chem.  Journ.,  34.  309,  1905  ; E.  J.  Schaeffer 
and  H.  C.  Jones,  ib.,  49.  207.  1913  ; L.  G.  Winston  and  H.  C.  Jones,  ib.,  46.  368,  1911  ; H.  C.  Jones 
and  C.  A.  Jacobsen,  ib.,  40.  355,  1908  ; H.  C.  Jones  and  W.  W.  Strong,  Phys.  Zeit.,  10.  499, 
1909  ; H.  C.  Jones  and  J.  A.  Anderson,  Amer.  Chem.  Journ.,  41.  163,  1909  ; The  Absorption 
Spectra  of  Solutions,  Washington,  1909  ; H.  G.  llenham,  Journ.  Chem.  Soc.,  93.  51,  1908  ; 
H.  T.  S.  Britton,  ib.,  127.  2110,  1925  ; J.  E.  Howard  and  W.  H.  Patterson,  ib.,  129.  2791,  1926  ; 
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1895  ; P.  Rohland,  ib.,  21.  42,  1899  • A.  Heydwciller,  ib.,  91.  66,  1915  ; E.  Stiasny  and  O.  Grimm, 
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Collegium,  505,  1927  ; D.  Balanyi,  ib.,  86,  1927  ; 72,  1928  ; O.  Grimm,  Eigenschaften  und 
Verhalten  verschieden  vorbehendelter  Chrornchlorid-  und  Chromsulfat-Losungen,  Darmstadt,  ' 1928 ; 

N.  Demassieux  and  J.  Heyrovsky,  Journ.  Chim.  Phys.,  26.  219,  1929 ; A.  Johnsen,  Neues  Jahrb. 
Min.,  ii,  1 14,  1903  ; J.  Sand  and  F.  Grammling,  Zeit.  phys.  Chem.,  62.  1,  28,  1908  ; F.  Grammling, 
Studien  fiber  Icomplexe  Chromverbindungen,  Berlin,  1909  ; T.  Murayasu,  Hokkaido  Journ.  Med., 
6.  328,  1928  ; I.  Koppel  in  R.  Abegg,  Handbuch  der  anorganischen  Chemie,  Leipzig,  4.  i,  (2),  89, 
1921  ; M.  E.  Baldwin,  Journ.  Amer.  Leather  Chem.  Assoc.,  14.  10,  1919  ; K.  Hopfgartner, 
Monalsh..  40.  259,  1919  ; J.  N.  Bronsted  and  K.  Volqvartz,  Zeit.  phys.  Chem.,  134.  97,  1928 ; 
R.  H.  Weber,  Ann.  Physik,  (4),  36.  624,  1912  ; H.  de  Bois  and  G.  J.  Elias,  ib.,  (4),  27.  233,  1909  ; 
Proc.  Akad.  Amsterdam,  10.  578,  839,  1908 ; G.  Quincke,  Wied.  Ann.,  24.  395,  1885 ; 

O.  Knoblauch,  ib.,  43.  738,  1891  ; E.  Wiedemann,  ib.,  32.  452,  1887  ; G.  Jager  and  S.  Meyer, 
ib.,  67.  427,  707,  1899  ; G.  van  Pelt,  Bull.  Soc.  Chim.  Belg.,  28.  101,  1914  ; H.  W.  Vogel,  Sitzber. 
Akad.  Berlin,  409,  1878;  Ber.,  11.  913,  1363,  1878  ;.W.  N.  Hartley,  Trans.  Roy.  Soc.  Dublin, 
(2),  7.  253,  1900  ; W.  Lapraik,  Journ.  prakt.  Chem.,  (2),  47.  305,  1893  ; S.  M.  Jorgensen,  ib., 
(2),  25.  415,  1882  ; J.  Formanek,  Die  qualitative  Spectralanalyse  anorganischer  und  organischer 
Korper,  Berlin,  144,  1905  ; J.  M.  Hiebendaal,  Onderzoek  over  eenige  absorptiespectra,  Utrecht, 
1873  ; J.  L.  Soret,  Arch.  Sciences  Oen'eve,  (2),  63.  89,  1878  ; C.  R.  C.  Tichborne,  Proc.  Irish  Acad.. 
1.  169,  1874  ; Chem.  News,  24.  199,  209,  1871  ; H.  M.  Vernon,  ib.,  66.  104,  114,  141,  152,  1892 ; 
F.  L.  S.  Jones,  Journ.  Ind.  Eng.  Chem.,  15.  289,  1923  ; J.  B.  Elias.  Anal.  Fis.  Quim.,  16.  467. 
1918  ; S.  Aoyama,  K.  Kimura  and  Y.  Nishina,  Zeit.  Physik,  44.  810,  1927  ; A.  E.  Lindh,  ib., 
6.  303,  1921  ; L.  R.  Ingersoll,  Journ.  Amer.  Opt.  Soc.,  6.  663,  1922  ; L.  A.  Welo,  Phil.  Mag.,  (7), 
6.  481,  1928  ; L.  Meunier  and  M.  Lesbre,  Compt.  Rend.,  190.  183,  1930  ; K.  H.  Gustavson,  Journ. 
Amer.  Leather  Chem.  Assoc.,  19.  446,  1924  ; E.N.Gapon , Journ.  Russ.  Phys.  Chem.  Soc. ,58.  1584, 
1926;  60.  237,  1928;  61.  375,  1929;  Zeit.  anorg.  Chem.,  168.  125,  1927.' 

§ 23.  The  Chromium  Oxychlorides 

The  hydrolysis  of  chromic  chloride,  and  the  formation  of  some  basic  chlorides 
have  just  been  discussed.  N.  Bjerrum1  studied  the  titration  of  soln.  of  chromic 

chloride  with  sodium  hydroxide,  and  calculated 
the  H'-ion  cone,  from  the  potential  measure- 
ments. The  results  with  0-lM-CrCl3  and  in- 
creasing proportions  of  0-1275M-NaOH,  at  17°, 
are  illustrated  by  Fig.  77.  When  there  is  less 
than  a mol  of  sodium  hydroxide  per  mol  of 
chromic  chloride,  the  curve  is  steep,  and  the 
soln.  remains  clear ; as  soon  as  a mol  of  NaOH 
has  been  added,  chromic  hydroxide  separates, 
and  the  soln.  becomes  turbid,  and  thereafter  the 
H‘-ion  cone,  increases  slowly.  So  long  as  the 
soln.  remains  clear,  the  reaction  is  taken  to 
be  Cr"'+HOH=Cr(OH)"+H'  for  which  the 
equilibrium  constant  Kx— [Cr^OH)"][H']/[Cr'"], 
thereafter  the  reaction  Cr(OH)"-|-HOH=Cr(OH)2‘-|-H'  sets  in,  and  for  this, 
•A2[Cr(OH)2'][H‘]/[Cr(OH)''] ; and  later  on  there  is  the  reaction  Cr(0H)"-(-2H20 
=Cr(OH)3-(-2H',  for  which  If3=[H‘]2/[Cr(OH)"].  He  found  for  the  hydrolysis 
constants  of  the  green  salt  at  25°,  3-8  xlO-6  ; and  of  the  blue  salt  at  0°,  17°,  and 
25°,  Kxx  104=0-22,  0-62,  and  098  respectively;  at  0°  and  17°,  K2X 104  — 0-0025 
and  0-0059  respectively  ; and  ISl3x104  =0-278  and  0-98  respectively.  It  is  hence 
calculated  that  for  0-01M-CrCl3  with  the  addition  of  x mols  of  0-1275Ar-NaOH, 
the  soln.  contains  the  following  proportions  of  the  hydroxychlorides : 


X 

0 

0-215 

0-553 

1-00 

1-51 

2-19 

2-96 

CrCl3 

92-5 

75-2 

42-9 

9-8 

6-6 

2-4 

0 

Cr(OH)Cl2 

7-5 

22-9 

52-3 

74-9 

57-3 

29-2 

1-2 

Cr(OH)2Cl 

0 

0-1 

0-6 

5-5 

4-8 

3-5 

0-7 

Cr(OH)3  . 

0 

0 

0 

2-4 

20-5 

50-0 

78-9 

It  is  also  possible  to  calculate  for  the  thermal  values  of  these  products  Cr(OH)Cl2 
+HClaq.=CrCl3aq.+H20+9600  cals. ; Cr(OH)2Cl+HClaq  =Cr(OH)Cl2+H20+8060 
cals. ; and  Cr(OH)3-f  2HClaq.=Cr(0H)Cl2+2H20+ll,6()6  cals.  From  the  first  and 
third  equation,  Cr(OH)3+3HC'laq.=CrCl3aq.+3H20-(-21,200  cals.,  when  A.  Recoura 


Eg.  NaOH  per  mol.  CrCl3 


Fig.  77. — Electrometric  Titration 
of  Solutions  of  Chromic  Chloride 
with  Sodium  Hydroxide. 
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found  20,700  cals.  N.  Bjerrum  also  added  that  it  is  probable  that  some  polymerized 
basic  chlorides  exist.  Observations  on  the  electrometric  titration  of  the  chromic 
chlorides  were  also  made  by  J.  Sand  and  F.  Grammling,  who  inferred  from  the 
potential  of  a hydrogen  electrode,  and  the  rate  of  liberation  of  iodine  from  an  iodide- 
iodate  mixture  that  the  hydrolysis  of  the  blue  salt  involves  the  breaking  down 

of  a doubled  molecule : Cr2(H20)12 +2H20^2Cr(H20)60H"+2H',  but 

N.  Bjerrum  did  not  agree.  H.  G.  Denham  obtained  a value  for  the  hydrolysis 
constant  of  the  blue  salt  twice  as  great  as  N.  Bjerrum.  H.  T.  S.  Britton  found  that 
with  O-OlSSA-soln.  1-62  per  cent,  of  the  violet,  and  16-4  per  cent,  of  the  green  salt 
was  hydrolyzed  at  18°.  A.  B.  Lamb  and  G.  R.  Fonda  calculated  the  hydrolysis  con- 
stant of  the  green  salt  from  conductivity  data  to  be  1-8  X 10— p,  and  from  the  kinetics 
of  the  transformation  2-0  Xl0~6.  The  hydrolysis  constant  for  the  violet  salt 
calculated  from  the  change  of  conductivity  with  cone,  is  1-52  X 10“4  ; from  the 
rate  of  transformation  of  the  green  salt,  1-65  Xl0-4  ; from  the  rate  of  inversion  of 
cane-sugar,  l-60xl0~4;  from  the  conductivity  with  or  without  the  addition  of 
hydrochloric  acid,  1-47  Xl0~ 4,  and  with  the  addition  of  sodium  acetate,  l-68xlO~ 4 
—mean  value  1-58  X 10~4. 

A number  of  basic  chlorides  have  been  reported  by  A.  J.  Bechamp  and  others,  but 
their  chemical  individuality  has  not  been  established.  A.  Moberg,  for  example,  said 
that  Cr203.8CrCl3.24H20  is  formed  by  heating  hydrated  chromic  chloride  to  120°  ; H.  Schiff 
regarded  it  as  chromic  hydroxypentachloride,  Cr2Cl5(OH).4H20.  By  heating  the  hydrated 
salt  to  150°,  A.  Moberg  obtained  Cr203.4CrCl3.9H20,  which  H.  Schiff  regarded  as  chromic 
dihydroxytetrachloride,  Cr2Cl4(0H)2.2H20,  or  chromium  oxytetrachloride,  Cr2O.Cl4.3H20 : 
E.  M.  Piligot  obtained  the  same  salt  by  heating  the  hydrated  chloride  to  200°,  digesting 
the  product  with  water,  and  drying  it  at  200°.  H.  Lowel  obtained  a similar  product. 
B.  Cabrera  and  S.  P.  de  Rubies  obtained  the  salt  in  green  and  violet  modifications  and 
studied  their  magnetic  properties.  V.  Kletzinsky  said  that  chromic  oxydichloride, 
Cr4(OCl2)3,  is  formed  by  evaporating  to  dryness  a soln.  of  potassium  chlorochromate  in  cone, 
hydrochloric  acid.  A.  Moberg  obtained  chromic  oxychloride,  Cr203.CrCl3,  or  CrOCl,  by 
heating  the  hydrated  chloride  to  dull  redness.  H.  Schiff  obtained  the  hydrate, 
Cr203.CrCl3.3H20,  or  CrCl(OH)2,  chromic  dihydroxy  chloride,  by  evaporating  a soln.  of 
chromic  hydroxide  in  chromic  chloride  ; and  E.  M.  P^ligot  obtained  a similar  product 
from  a mixture  of  a soln.  of  chromic  chloride  and  alkali  hydroxide.  J.  M.  Ordway  treated 
6 mols  of  chromic  hydroxide  with  2 mols  of  hydrochloric  acid  and  obtained  5Cr203.2CrCl3, 
which  H.  Schiff  regarded  as  chromic  heptahydroxychloride,  Cr2(OH)6Cl.  It  was  also  obtained 
from  a mixture  of  ammonia  and  a soln.  of  chromic  chloride.  A.  Besson  and  L.  Fournier 
heated  a mixture  of  chromium  trioxide  and  silicon  hydrotrichloride  in  a sealed  tube  at 
100°,  and  obtained  a brown  mass  of  chromium  oxyheptachloride,  Cr3OClT.  There  are  also 
N.  Bjemim’s  chromic  hydroxypentaquodichloride,  [Cr(H20)6(0H)]Cl2,  and  his  chromic 
dihydroxytetraquochloride,  [Cr(H20)4(OH)2lCl,  previously  discussed. 

R.  F.  Weinland  and  W.  Friedrich 2 obtained  what  they  called  pyridinium 
tetr achlorohy dr oxy chromate,  C5H5N.CrCl4.0H,H20,  by  the  action  of  cone,  hydro- 
chloric acid  and  pyridine  on  chromic  acid.  The  salt  forms  reddish-brown  leaflets 
or  orange-yellow,  hexagonal  plates.  The  analogous  quinolinium,  compound  was 
prepared.  The  interesting  feature  about  these  salts  is  that  the  chromium  behaves 
as  if  it  were  quinquevalent,  and  the  parent  oxychloride  is  chromium  oxytetra- 
chloride, CrOCl3.  By  saturating  glacial  acetic  acid  with  hydrogen  chloride, 
adding  chromium  trioxide,  and  then  a soln.  of  alkali  chloride  in  acetic  acid  soln., 
R.  F.  Weinland  and  M.  Fiederer  obtained  potassium  chromium  oxypentachloride, 
CrOCl3.2KCl,  in  dark  garnet-red,  rhombic  prisms.  The  oxidizing  power  of  the  salt 
gradually  diminishes  when  it  is  kept  in  a desiccator.  The  corresponding  rubidium 
chromium  oxypentachloride,  CrOCl3.2RbCl ; caesium  chromium  oxypentachloride, 
CrOCl3.2NH4Cl,  are  similarly  prepared.  The  crystalline  forms  are  similar  to  those 
of  the  corresponding  salts  of  columbium  and  molybdenum.  The  caesium  salt  is 
isomorphous  with  CrOCl3.2CsCI.  It  was  supposed  that  these  products  are  salts 
of  quinquevalent  chromium,  and  a similar  remark  applies  to  various  analogous 
compounds  prepared  by  F.  Olsson — e.g.  N(CH3)4CrOCl4  ; N(C2H2)CrOCl4  ; etc. 

J.  J.  Berzelius 3 discovered  chromium  dioxydichloride,  or  chromyl  chloride, 
Cr02Cl2,  which  he  obtained  by  distillation  from  a mixture  of  a •chromate,  sodium 


392 


INORGANIC  AND  THEORETICAL  CHEMISTRY 


chloride,  and  cone,  sulphuric  acid.  He  thought  that  it  was  a higher  chloride  of 
chromium,  but  H.  Rose  proved  that  it  contained  oxygen.  . It  was  also  analyzed 
by  T.  Thomson,  P.  Walter,  and  T.  E.  Thorpe,  and  these  results,  as  well  as  the  vap. 
density  determinations  of  J.  B.  A.  Dumas,  P.  Walter,  E.  Moles  and  L.  Gomez,  and 
E.  Carstenjen ; the  f.p.  determinations — vide  infra — of  R.  E.  Meyer  and  H.  Best, 
and  E.  Moles  and  L.  Gomez  ; and  the  b.p.  determinations  of  E.  Moles  and  L.  Gomez, 
and  G.  Oddo  and  E.  Serra  are  in  agreement  with  the  formula  just  indicated.  The 
chromium  is  assumed  to  be  sexivalent.  E,  R.  Darling  compiled  a bibliography  on 
the  chemistry  of  chromyl  chloride.  G.  Mazzaron  said  that  the  chlorides  of  silver, 
mercury,  gold,  and  platinum,  and  antimony  oxychloride  give  chlorine,  not  chromyl 
chloride  when  treated  with  potassium  dichromate  and  sulphuric  acid.  F.  Wohler, 
A.  Vogel,  P.  Walter,  H.  Rose,  E.  Burcker,  E.  Moles  and  L.  Gomez,  and  G.  Errera 
used  modifications  of  this  process 3K2Cr04-f  6NaCl+12H2S04=6KHS04 
+6NaHS04+3Cr02Cl2+6H20.  J.  B.  A.  Dumas  used  lead  chromate  ; potassium 
dichromate  was  used  by  T.  Thomson.  T.  Thomson  said  that  a better  yield  is 
obtained  by  using  fuming  sulphuric  acid : K2Cr207+4NaCl-t-3H2S207--2Cr02Cl2 
+K2S04+2Na2S04+3H2S04 — but,  added  A.  Etard,  if  the  fuming  acid  be  in  excess, 
the  chromyl  chloride  suffers  some  decomposition : 6Cr02Cl2+3H2S207=2Cr2(S04)3 
-f  2Cr03+6Cl2-t-3H20.  H.  Rose,  and  J.  B.  A.  Dumas  said  that  so  much  chlorine 
may  be  evolved  that  if  the  receiver  is  very  cold,  the  product  may  solidify.  P.  Walter, 
and  E.  Carstanjen  purified  the  liquid  by  fractional  distillation  for  a number  of  times 
whereby  the  chlorine  is  given  off  first,  and  then  the  chromyl  chloride,  while  sulphuric 
acid  remains  in  the  retort.  T.  E.  Thorpe  purified  the  liquid  by  fractional  distil- 
lation in  a current  of  carbon  dioxide ; and  E.  Moles  and  L.  Gomez  repeatedly 
fractioned  the  product  after  agitation  with  mercury.  According  to  the  Permutit 
A.  G.,  an  acid  chloride,  like  chlorosulphonic  acid,  reacts  with  chromic  acid  or  a 
chromate  in  the  presence  of  cone,  sulphuric  acid  or  other  diluting  agent  which  does 
not  decompose  chromyl  chloride ; the  acid  anhydride — sulphur  trioxide  when 
chlorosulphonic  acid  is  used- — is  converted  into  an  acid  chloride  by  the  introduction 
of  hydrochloric  acid,  and  then  acts  on  fresh  chromic  acid. 

K.  Heumann  and  P.  Kochlin,  and  H.  Moissan  obtained  chromyl  chloride  by  the 
action  of  hydrogen  chloride  on  dry  chromium  trioxide.  W.  Autenrieth  treated 
chromium  trioxide  with  35  to  40  per  cent.'  hydrochloric  acid,  and  obtained  a 35  per 
cent,  yield  of  chromyl  chloride,  the  yield  is  reduced  with  more  dilute  acid  until 
with  20  per  cent,  hydrogen  chloride,  only  chlorine  is  given  off.  H.  Moissan  also 
replaced  the  chromium  trioxide  with  alkali  or  alkaline  earth  chromates  ; and  moist 
chlorine  can  be  used  in  place  of  hydrogen  chloride  at  a temp,  of  150°.  L.  Henry 
passed  hydrogen  chloride  into  sulphuric  acid  with  chromium  trioxide  in  suspension  ; 
and  R.  J.  Meyer  and  H.  Best  suspended  the  chromium  trioxide  in  glacial  acetic 
acid  ; while  H.  D.  Law  and  F.  M.  Perkin  heated  a soln.  of  chromium  trioxide,  cone, 
sulphuric  acid,  and  cone,  hydrochloric  acid.  A.  Geuther  chlorinated  the  chromium 
trioxide  by  beating  it  with  anhydrous  ferric  or  chromic  chloride : 2FeCl3-f  3Cr03 
— Fe203+3Cr02Cl2 ; H.  Schiff,  by  phosphorus  pentachloride ; H.  Erdmann,  by 
chloroform  : 2CHCl3-t-Cr03-|- 02=2C0Cl2-f-  H20+Cr02Cl2  ; A.  Michael  and 

A.  Murphy,  by  carbon  tetrachloride  in  a sealed  tube  at  150°~175°  ; and  H.  S.  Fry, 
by  acetyl  chloride  on  a soln.  of  chromium  trioxide  in  chloroform  and  acetic  acid. 
A.  Rosenstiehl  treated  chromates  with  pyrosulphuryl  chloride  ; and  K.  Heumann 
and  P.  Kochlin  used  chlorosulphonic  acid.  E.  M.  Peligot  treated  potassium 
chlorochromate  with  sulphuric  acid.  H.  Moissan  found  that  moist  chlorine  attacks 
uncalcined  chromic  oxide  at  440°,  forming  first  chromic  chloride  which  then  reacts 
with  the  moisture  forming  chromyl  chloride,  and  hydrogen  chloride.  The  reaction 
is  reversed  at  a higher  temp.  At  440°,  also,  oxygen  acts  on  chromic  chloride, 
forming  chromyl  chloride.  P.  Pascal  found  that  chromyl  chloride  is  formed  by 
slowly  heating  pentachromyl  hexachloride.  F.  G.  Nunez  prepared  chromyl  chloride 
of  a high  degree  of  purity  for  at.  wt.  determinations. 

T.  Thomson  described  chromyl  chloride  as  a blood-red  liquid  which  appears 
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black  by  reflected  light.  G.  J.  Stoney  and  J.  E.  Reynolds  found  that  chromyl 
chloride  forms  a yellowish-red  vapour  resembling  nitrogen  peroxide  and  E.  Moles 
and  L.  Gomez  observed  that  it  freezes  to  form  pale  red,  acicular  crystals.  T.  Thomson 
gave  1-913  for  the  specific  gravity  of  the  liquid'  at  10°  ; P.  Walter,  1-91  at  21°  ; 
T.  E.  Thorpe,  1-961  at  0°  ; 1-92  at  25°;  and  1-7578  at  the  b.p.  115-9°  ; and  E.  Moles 
and  L.  Gomez,  2-0515  to  2-0528  at  -47°/4°  ; 1-9582  to  1-9591  at  0°/4°  ; and  1-9113 
to  1-9124  at  25°/4°.  J.  B.  A.  Dumas  found  the  vapour  density  (air  unity)  to  be 
5-35  at  127°  and  5-69  at  147° — when  the  theoretical  value  for  Cr02Cl2  is  5-35  ; 
P.  Walter  found  5-9  at  143-7° ; E.  Carstanjen,  5-39  at  200°  : and  E.  Moles  and 
L.  Gomez,  5-31  at  181°.  Hence  the  vapour  is  not  dissociated  at  these  temp. 
T.  E.  Thorpe  gave  for  the  thermal  expansion  of  unit  vol.  at  0°  to  v vols.  at  0°, 
V=1+O-O39586O0+O-O51O7302+O-O8196203.  R.  J.  Meyer  and  H.  Best  found  that 
the  mol.  wt.,  calculated  from  the  depression  in  the  freezing  point  of  acetic  acid, 
is  208  to  218 — the  theoretical  value  for  Cr02Cl2  is  155.  This  shows  that  polymeri- 
zation is  taking  place.  E.  Moles  and  L.  Gomez  found  175  to  189  with  this  solvent ; 
153  to  161  with  phosphoryl  chloride  ; 175-5  to  241  with  nitrobenzene  ; 185  to  399 
with  ethylene  dibromide  ; 91-8  to  97-8  with  stannic  bromide ; and  193  to  215 
with  antimony  pentachloride.  Dil.  soln.  in  nitrobenzene  and  ethylene  dibromide 
show  ionization,  passing,  with  increasing  concentration,  into  association.  G.  Oddo 
and  A.  Casalino  found  for  0-9694  and  2-4708  grms.  of  chromyl  chloride  in  100  grms. 
of  the  complex  S03.2P0C13  respectively  188  and  237  for  the  mol.  wt. — theoretical 
155.  G.  Oddo  and  E.  Serra  found  from  the  raising  of  the  boiling  point  of  soln.  in 
benzene,  and  carbon  tetrachloride,  mol.  wts.  between  those  required  for  the  single 
and  for  the  double  molecule.  E.  Moles  and  L.  Gomez  obtained  normal  values 
when  the  results  are  corrected  for  the  volatility  of  the  solute— 166-7  to  1706  was 
obtained  with  carbon  tetrachloride,  and  164  to  172  with  carbon  disulphide. 
E.  Beckmann  gave  55-0  for  the  ebulliscopic  constant— the  mol.  rise  of  the  b.p. — of 
chromyl  chloride  when  it  is  used  as  a solvent  for  mol.  wt.  determinations.  E.  Moles 
and  L.  Gomez  gave  —96-5°  for  the  melting  point ; and  for  the  boiling  point  P.  Walter 
gave  118°  ; E.  Carstanjen,  117-6°  at  753  mm.  ; H.  D.  Law  and  F.  M.  Perkin,  118-5°- 
116°;  T.  E.  Thorpe,  115-9°  at  733  mm.  and  116-8°  at  760  mm. ; and  E.  Moles 
and  L.  Gomez,  116-3°  at  760  mm.  The  b.p.,  0°,  at  different  press.,  p mm.,  are  : 

p . . 232-3  338-0  424-0  525-0  645-8  750-8  763-1  839-1 

B.p.  . 79-4°  90-5°  97-4°  104-5°  111-0°  116-3  117-0°  120-4° 

The  data  can  be  represented  by  0=53-63+O-1271p— 0-000058p2.  M.  Berthelot 
found  that  the  mol.  heat  of  soln.  in  100  parts  of  water  at  8°  is  16-67  Cals.  The 
absorption  spectrum  of  chromyl  chloride  was  first  examined  by  W.  H.  Miller, 
H.  Mayer,  B.  Kabitz,  R.  Ritschl,  and  A.  C.  S.  van  Heel.  G.  J.  Stoney  and 
J.  E.  Reynolds  found  that  the  absorption  spectrum  shows  orange  yellow  and  green 
hues ; they  also  observed  that,  excepting  a small  strip  in  the  red,  the  vapour 
absorbs  all  the  spectrum  of  a colourless  flame.  M.  R.  Read  said  that  chromyl 
chloride  imparts  a pale  white  light  to  the  colourless  gas-flame  ; and  F.  Gottschalk 
and  E.  Drechsel  added  that  if  the  vapour  mixed  with  oxygen  be  passed  into  a non- 
luminous  gas-flame,  the  colour  is  a paler  violet  than  that  imparted  to  the  flame  by 
potassium,  and  the  flame  spectrum  shows  three  violet,  eight  green,  one  yellow,  three 
orange-red,  and  two  red  lines.  A.  Cornu  could  not  find  any  regularities  in  the 
spectral  lines.  According  to  B.  Kabitz,  liquid  chromyl  chloride  absorbs  the  whole 
visible  spectrum. 

J.  W.  Hittorf,  and  E.  Moles  and  L.  Gomez  found  chromyl  chloride  to  be  a non- 
conductor of  electricity.  E.  Moles  and  L.  Gomez  found  that  the  mol.  electrical 
conductivity  is  5-05,  2-60,  1-38,  and  0-96  mhos  with  soln.  containing  respectively 
0-0323,  0-0724,  0-1398,  and  0-2170  mol  of  Cr02Cl2  per  litre  of  dried  nitrobenzene 
at  25°.  If  the  solvent  is  not  thoroughly  dried,  the  conductivity  is  two  to  five  times 
as  great,  and  it  increases  with  time.  The  mol.  conductivity  decreases  with  increasing 
concentration,  and  the  curves  are  parallel  with  those  for  the  mol.  wt.  of  chromyl 
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chloride  in  the  same  solvent.  P.  Walden  found  the  dielectric  constant  of  the  liquid 
to  be  2-6  at  20°. 

A.  fitard  said  that  chromyl  chloride  is  very  stable  if  it  be  protected  from  light, 
but  in  light  it  decomposes  slowly  forming  chlorine  and  an  oxide  or  oxychloride  of 
chromium.  F.  Wohler,  and  H.  Quantin  found  that  chromyl  chloride  is  decomposed 
by  heat,  for  when  passed  through  a red-hot  tube  it  furnishes  crystals  of  chromic  oxide : 
2Cr02Cl2=Cr203-|-0-j-2Cl2  ; F.  Wohler,  that  a little  above  300°  it  forms  magnetic 
chromic  chromate  ; and  T.  E.  Thorpe,  that  at  180°  to  190°,  in  a sealed  tube,  it 
forms  chlorine  and  trichromyl  chloride.  If  the  vapour  of  chromyl  chloride,  mixed 
with  dry  hydrogen,  be  passed  through  a red-hot  tube,  A.  Schafarik  observed  that 
it  decomposes : 3Cr02Cl2+3H2=6HCl-l-Cr203.Cr03 ; and  when  heated  for  a 
longer  time,  chromic  oxide  and  oxygen  are  formed.  F.  Gottschalk  and  E.  Drechsel 
said  that  a colourless  gas-flame  charged  with  a mixture  of  hydrogen  and  chromyl 
chloride  becomes  luminous,  and  deposits  chromic  oxide  on  a cold  surface  placed  in 
the  flame.  J.  B.  A.  Dumas,  and  P.  Walter  found  that  water  decomposes  chromyl 
chloride  with  the  development  of  much  heat  forming  a mixture  of  chromic  and 
hydrochloric  acids.  J.  J.  Berzelius  called  the  liquid  chlorwasserstojfsaure  Chromsdure, 
apparently  regarding  it  as  a special  compound,  for  it  was  said  to  be  formed  by  the 
action  of  hydrochloric  acid  on  lead  or  silver  chromate  at  the  ordinary  temp.  The 
liquid  is  said  to  dissolve  gold,  and  H.  Moser  found  that  when  warmed  chlorine  is 
evolved.  A.  fitard,  and  J.  B.  A.  Dumas  observed  that  chromyl  chloride  absorbs 
chlorine  freely,  and  becomes  almost  solid ; H.  W.  B.  Roozeboom  found  that  the 
proportion  of  chlorine  absorbed  is  dependent  on  the  press,  and  temp.  It  increases 
rapidly  as  the  temp,  falls  to  — 26°  so  that  at  760  mm.  press.,  a sat.  soln.  contains 
at  0°,  0-70  gram-atoms  ; at  —14°,  1-24  ; at  —21°,  2-31  ; and  at  —26°,  3-00.  At 
0°,  the  press.,  j>  mm.,  of  soln.  with  A-gram-atoms  of  chlorine  is  : 

Cl  . . 1-70  1-40  1-30  1-20  1 04  0-91 

p . . 1302  1198  1150  1101  1016  923  mm. 

P.  Walter  said  that  chromyl  chloride  dissolves  iodine  without  being  decomposed; 
and  R.  W.  E.  Mclvor  said  that  when  the  mixture  is  distilled,  iodine  monochloride 
and  trichromyl  chloride  are  formed.  H.  Quantin  found  that  dry  hydrogen  chloride 
reacts  with  chromyl  chloride  at  a red-heat  forming  water,  chlorine,  and  chromic 
oxide.  J.  B.  A.  Dumas  found  that  sulphur  decomposes  chromyl  chloride  with  a 
hissing  noise  ; K.  T.  Kemp,  and  W.  Gregory  observed  that  a rose-coloured  powder 
separates  possibly  chromic  chloride ; and  T.  Thomson  added  that  when  flowers 
of  sulphur  is  moistened  with  it,  the  mixture  ignites  and  burns  with  a red  flame. 
K.  T.  Kemp  found  that  if  hydrogen  sulphide  be  passed  into  chromyl  chloride,  the 
vessel  becomes  hot,  hydrogen  chloride  is  evolved,  and  a green  powder  is  formed 
which  A.  Vogel  said  is  probably  chromic  oxide.  K.  T.  Kemp  also  found  that  if 
chromyl  chloride  vapour  be  passed  through  a narrow  jet  into  the  vapour  of  sulphur 
monochloride,  vivid  combustion  occurs,  and  a rose-coloured  powder  is  formed. 
K.  Heumann  and  P.  Kochlin  observed  that  chlorosulphonic  acid  decomposes 
chromyl  chloride  ; and,  as  indicated  above,  a similar  remark  applies  to  pyro- 
sulphuric  acid. 

According  to  T.  Thomson,  chromyl  chloride  in  ammonia  solidifies  with  brilliant 
incandescence  to  form  a dark  brown  mass,  and  with  a more  prolonged  action  on  the 
residue,  A.  Schrotter,  and  C.  E.  Ufer  found  that  chromium  nitride  or  a mixture 
of  nitride  and  oxide  is  formed.  J'.  Heintze  observed  that  with  ammonia  largely 
diluted  by  air,  the  residue,  after  washing,  consists  of  chromic  oxide.  S.  Rideal 
represented  the  reaction  with  dry  ammonia,  3Cr02Cl2-{-8NH3=:6NH4Cl-|- N2 
+Cr203.Cr03.  V.  Thomas  found  that  with  nitric  oxide  and  chromyl  chloride 
vapour,  a brown  mass  of  chromic  dinitroxylheptoxypentachloride,  Cr5Cl507.2N02, 
is  formed  ; P.  Pascal  prepared  pentitahexachloride  by  the  action  of  nitric  oxide — 
vide  infra.  J.  B.  A.  Dumas,  and  P.  Walter  found  that  chromyl  chloride  explodes 
with  phosphorus,  and  light  is  emitted  at  the  same  time — the  effect  is  produced  by 
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a drop  of  the  liquid  and  a piece  of  phosphorus  the  size  of  a pin’s  head.  T.  Thomson 
said  that  the  phosphorus  must  be  moistened  to  produce  the  explosion  ; when  dry 
it  is  without  action,  and  the  flame  of  phosphorus  is  extinguished  in  the  vapour  of 
chromyl  chloride.  A.  Michaelis  observed  that  each  drop  of  chromyl  chloride  added 
to  well-cooled  phosphorus  trichloride  produces  a hissing  noise,  incandescence, 
and  sometimes  an  explosion  : 4Cr02Cl2-|-6PCl3=4CrCl3-j-3P0Cl3+PCl5-f-  P205. 
H.  Schiff  represented  the  reaction  with  phosphorus  pentachloride  : 2Cr02Cl2 
fl-4PCl5=4POCl3+3Cl2+2CrCl3,  and  R.  Weber,  and  A.  W.  Cronander  added  that 
some  chromium  phosphoctochloride,  CrCl3.PCl5,  is  formed.  H.  S.  Fry  and 
J.  L.  Donnelly  obtained  the  complex  chromyl  phosphoheptachloride,  Cr02Cl2.PCl5, 
by  the  action  of  chromyl  chloride  on  a dry  carbon  tetrachloride  soln.  of  phosphorus 
pentachloride.  W.  T.  Casselmann  showed  that  phosphoryl  chloride  reacts  in  the 
cold  with  chromyl  chloride  forming  a black  substance  which  decomposes  at  100° 
as  symbolized  by  10POCl3+12CrO2Cl2=18Cl2-f5P2O5-f- 3Cr203-f- 6CrCl3.  E.  Moles 
and  L.  Gomez  found  that  chromyl  chloride  is  soluble  in  phosphoryl  chloride. 
H.  S.  Fry  and  J.  L.  Donnelly  found  that  in  soln.  of  dry  carbon  tetrachloride 
phosphorus  trichloride  reacts:  2Cr02Cl2+ 3PCl3=PCl5+2CrOCl.PO(43,  and  the 
deliquescent  chromium  trioxyphosphotetrachloride  reacts  with  water:  ( 'rOCl.  I’OClg 
-f  2H20=CrCl3+HCl-}-H3P04.  On  ignition,  the  complex  chromium  trioxytri- 
cbloride,  CrOCl,  or  Cr203.CrCl3  is  formed.  With  phosphorus  tribromide,  chromium 
trioxyphosphodichlorotribromide,  2CrOCl.POBr3,  is  formed : 2Cr02Cl2+3PBr3 
=2CrOCl.POBr3-f-PBr3Cl2.  With  phosphorus  pentabromide,  the  complex  chromyl 
phosphodichloropentabromide,  Cr02Cl2.PBr5,  and  chromium  dioxyphosphochloro- 
tribromide,  CrOCl.POBr3.  are  produced  ; with  phosphorus  triiodide,  the  complex 
chromyl  phosphodichlorotriiodide,  Cr02Cl2.PI3,  is  formed,  and  it  is  decomposed 
by  water:  2(Cr02Cl2.PI8)+4H20=4HCl+4HI+I2+2CrP04 ; and  with  phos- 
phorus diodide,  the  complex  chromyl  phosphodichloridiiodide,  Cr02Cl2.PI2  is 
formed:  E.  Moles  and.  L.  Gomez  found  that  chromyl  chloride  is  soluble  in 
antimony  pentachloride,  and  in  stannic  bromide. 

J.  B.  A.  Dumas,  and  T.  Thomson  foupd  that  carbon  has  no  action  on  chromyl 
chloride.  J.  R.  Mourelo  and  A.  G.  Banus  found  that  the  dried  vapour  of  chromyl 
chloride  mixed  with  air  does  not  react : 4Cr02Cl2+4C-f-02=2Cr203-f  4C0C12,  but 
chromic  oxide  is  formed  in  the  hot  part  of  the  tube  and  chromic  chloride  is  deposited 
in  the  cooler  part.  It  is  difficult  to  get  the  charcoal  free  from  hydrocarbons.  The 
reaction  of  a mixture  of  chlorine  and  chromyl  chloride  with  red-hot  carbon  is 
symbolized  : 2Cr02Cl2+Cl2-t-4C=2CrCl3+4C0.  Chromyl  chloride  in  general  acts 
as  an  oxidizing  and  chlorinating  agent  on  organic  compounds  : and  in  many  cases 
the  reaction  is  violent  or  explosive.  H.  Quantin  found  that  when  a mixture  of  the 
vapour  of  carbon  monoxide  and  chromyl  chloride  is  passed  through  a red-hot  tube, 
chromic  oxide  and  chloride  are  formed  ; and  if  the  carbon  monoxide  be  mixed  with 
chlorine,  and  the  temp,  be  500°  to  600°,  carbon  dioxide  and  chromic  chloride  are 
formed.  P.  Pascal  obtained  chromyl  pentitahexachloride  by  reduction  with 
carbon  monoxide- — vide  infra.  H.  Erdmann,  A.  Emmerling  and  B.  von  Lengyel, 
and  H.  Quantin  symbolized  the  reaction  with  carbon  tetrachloride  : 2Cr02Cl2 
+4CCl4=2CrCl3+4COCl2-f3Cl2.  At  ordinary  temp.  G.  Oddo  and  E.  Serra, 
and  E.  Moles  and  L.  Gomez  found  it  to  be  soluble  in  carbon  tetrachloride  ; and 
R.  J.  Meyer  and  H.  Best  added  that  there  is  no  action  with  carbon  tetrachloride  ; 
and  J.  B.  A.  Dumas,  none  with  carbon  disulphide,  and  E.  Moles  and  L.  Gomez 
found  that  chromyl  chloride  dissolves  in  this  liquid  ; and  A.  £tard  found  that  in  a 
sealed  tube  carbon  disulphide  reacts  forming  a complex  mixture  of  products  ; and 
under  similar  conditions  chloroform,  with  chromic  acid  and  oxygen,  furnishes 
carbonyl  chloride,  hydrogen  chloride,  and  chromyl  chloride  ; H.  Erdmann,  and 
A.  Emmerling  and  B.  von  Lengyel  represented  the  reaction  : 2CHCl3+Cr03+02 
--=2C0Cl2+Cr02Cl2+H20.  F.  Wohler,  and  K.  T.  Kemp  found  that  ethylene 
reacts  forming  ethylene  chloride.  E.  Moles  and  L.  Gomez  found  that  it  is  soluble 
in  ethylene  dibromide,  and  in  nitrobenzene.  T.  Thomson  said  that  turpentine  is 
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inflamed  by  chromyl  chloride,  while  wood-spirit,  camphor,  and  olive  oil  are  decom- 
posed ; F.  Wohler  found  that  indigo  is  not  acted  upon.  F.  Wohler,  P.  Walter,  and 
T.  Thomson  observed  that  with  absolute  alcohol,  enough  heat  is  generally  evolved 
to  produce  combustion,  and  may  be  an  explosion  with  violent  projection  of  the 
liquids.  R.  J.  Meyer  and  H.  Best  found  that  alcohol,  ether,  and  acetone  react 
with  incandescence  ; benzene  is  slowly  attacked,  but  toluene,  o-xylene,  pyridine, 
and  quinoline  are  vigorously  attacked.  A.  fitard  studied  the  reaction  with  acetic 
acid  in  a sealed  tube  at  100°,  and  obtained  Cr207{Cr2(C2H302)6}2.8H20.  E.  Moles 
and  L.  Gomez  studied  soln.  in  acetic  acid.  The  aliphatic  hydrocarbons,  R.CH3, 
form  the  corresponding  aldehyde,  R.CO.H,  with  the  formation  of  the  inter- 
mediate compounds  : 


/O.Cr(OH)Cl2 
O.Cr(OH)Cl2 


->R.CH 


/O.CrO.Cl 

\O.CrO.Cl 


->R.CO.H 


The  reactions  with  aliphatic  hydrocarbons,  and  various  other  organic  compounds 
were  studied  by  A.  £tard,  V.  von  Richter,  P.  Friedlander,  E.  Carstanjen, 
G.  G.  Henderson  and  co-workers,  A.  Haller,  J.  Bredt  and  W.  Jagelki,  D.  Spence 
and  J.  C.  Galletly,  etc.  Many  of  these  reactions  are  discussed  by  G.  Rohde,  Das 
ChromyJchlorid  und  die  Etard’sche  Reaktion  (Stuttgart,  1901).  J.  B.  A.  Dumas,  and 
P.  Walter  found  that  mercury  is  violently  attacked  by  chromyl  chloride. 

According  to  E.  Zettnow,4  when  chromyl  chloride  is  distilled  from  a mixture  of 
potassium  chlorochromate  and  sulphuric  acid,  there  is  also  formed  a brown  mass 
which  is  separated  from  the  chromyl  chloride,  dissolved  in  water,  and  dried.  Its 
composition  corresponds  with  chromyl  tritadichloride,  (Cr02)3CL>.  R.  J.  Meyer 
and  H.  Best  represented  it  by  the  formula  Cl.Cr0.0.Cr02.0.Cr0.Cl.  T.  E.  Thorpe 
made  it  by  heating  chromyl  chloride  in  a sealed  tube  at  180°  to  190°  : 3Cr02Cl2 
=Cr306Cl2+2Cl2 ; and  R.  W.  E.  Mclvor,  by  distilling  the  iodine  monochloride 
from  a soln.  of  iodine  in  chromyl  chloride  : 3€r02Cl2+2I2=4ICl+Cr202Cl2. 
P.  Pascal  made  it  by  heating  chromyl  pentitahexachloride.  The  black  amorphous 
compound,  said  T.  E.  Thorpe,  is  reduced  to  chromic  oxide  when  heated  to  a low 
temp,  in  hydrogen  ; and  R.  W.  E.  Mclvor  obtained  chromic  oxide  by  heating  it  in 
air.  According  to  T.  E.  Thorpe,  and  R.  W\  E.  Mclvor,  when  exposed  to  air  the 
tritadichloride  deliquesces  to  a reddish-brown  syrup  which  smells  of  chlorine  ; it  is 
freely  soluble  in  water  forming  a dark  brown  liquid  which  gives  off  chlorine ; a 
nitric  acid  soln.  behaves  as  if  it  contained  hypochlorous  acid ; with  hydrochloric 
acid,  it  forms  a dark  brown  soln.  which,  when  heated,  gives  off  chlorine  and  forms 
chromic  chloride ; with  ammonia  it  forms  ammonium  chloride  and  chromate,  and 
chromic  chromate  ; and,  according  to  S.  G.  Rawson,  it  is  scarcely  soluble  in  carbon 
disulphide,  but  forms  red  soln.  with  alcohol,  and  ether. 

According  to  P.  Pascal,  chromyl  pentitahexachloride,  (Cr02)5Cl6,  is  formed  when 
nitric  oxide  is  passed  into  chromyl  chloride,  cooled  in  a bath  of  water  ; heat  isevolved 
and  a crystalline  paste  is  formed,  nitrosyl  chloride  is  evolved : 5Cr02Cl2+4N0 
=4N0Cl-t-(Cr02)5Cl6,  when  the  excess  of  chromyl  chloride  is  removed,  in  vacuo  at 
100°,  there  remains  the  pentitahexachloride  as  a brown  crystalline  powder  of  sp.  gr. 
2-51.  Carbon  monoxide  in  sunlight  can  effect  the  same  reduction  as  nitric  oxide. 
Unlike  chromyl  chloride,  the  pentitahexachloride  is  strongly  magnetic  sc  that  the 
function  of  chromium  in  the  chromyl,  Cr02-radicle,  and  in*  the  (Cr02)6-radicle 
appears  to  be  different.  In  fact,  chlorine,  which  acts  only  above  150°,  slowly  con- 
verts the  pentitahexachloride  back  to  chromyl  chloride.  Chromyl  pentitahexa- 
chloride is  deliquescent,  and  readily  dissolves  in  water  to  a dark  brown  soln.  with 
an  odour  of  chlorine  and  the  reactions  of  chromium  salts,  chromic  a.cid,  and  hydro- 
chloric acid.  If  slowly  heated  to  150°,  chromyl  chloride  is  evolved,  and  if  quickly 
heated,  chlorine  only,  the  solid  product  in  both  cases  being  the  tritadichloride, 
(Cr02)3Cl2.  Above  180°  oxygen  is  evolved,  leaving  an  insoluble  brownish-black 
residue  of  Cr609Cl4.  Towards  hydrogen,  hydrogen  sulphide,  etc.,  chromyl  sub- 
chloride acts  as  a chlorinating  agent  at  low  temp.,  whilst  above  200°  its  action  is 
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generally  an  oxidizing  as  well  as  a chlorinating  one.  Moist  gaseous  ammonia  acts 
very  violently,  the  products  being  ammonium  chloride,  oxygen,  and  the  oxides 
Cr02  and  Cr203.  Generally  speaking,  however,  chromyl  pentitahexachloride  is 
less  reactive  than  chromyl  chloride.  When  chromyl  pentitahexachloride  is  sus- 
pended in  dry  ether,  and  a current  of  slightly  moist  ammonia  is  passed  through, 
nitrogen  is  evolved,  and  ammonium  chloride  and  a brown,  amorphous  precipitate 
remain.  Ammonium  chromate  and  chromium  chromate  are  removed  from  the 
precipitate  by  washing,  and  the  pale  brown,  insoluble  residue  when  dried  at  90° 
has  the  composition  of  an  explosive  ammonium  chromite,  (NH40)6(Cr02)5. 

According  to  G.  Herfeldt,6  if  eq.  proportions  of  chromium  trioxide  and  chromyl 
chloride  are  heated  in  a sealed  tube  at  180°,  impure  chlorochromic  oxide,  Cr205Cl2, 
or  (Cr02Cl)20,  is  formed.  It  is  suggested  that  it  is  the  anhydride,  Cr02Gl-0-Cr02Cl, 
of  the  hypothetical  chlorochromic  acid,  HCr03Cl,  or  HO.CrOoCl.  The  pale  red 
compound  is  said  to  be  very  reactive,  for  it  reacts  explosively  with  alcohol,  pyridine, 
and  quinoline.  A number  of  salts,  chlorochromates,  has  been  prepared. 
E.M.  Peligot,  and  S.  Lowenthal  prepared  ammonium  chlorochromate,  (NH4)Cr03Cl, 
as  in  the  case  of  the  potassium  salt.  It  has  the  same  appearance,  but  is  much 
more  soluble.  S.  Lowenthal  prepared  lithium  chlorochromate,  LiCr03Cl,  from  an 
aq.  soln.  of  chromyl  chloride  and  lithium  chromate  mixed  with  acetic  acid.  The 
yellowish-red  crystals  are,  according  to  A.  Fock,  monoclinic  ; they  are  easily  fused 
to  a reddish-brown  liquid  ; and  are  freely  soluble  in  water.  E.  M.  P41igot  obtained 
sodium  chlorochromate,  NaCr03C1.2H20,  by  adding  sodium  chloride  to  a cone.  aq. 
soln.  of  chromyl  chloride  ; G.  Pratorius,  by  adding  chromyl  chloride  to  a cone.  soln. 
of  sodium  carbonate  in  chromic  acid,  and  allowing  the  mixture  to  stand  some  days 
in  a desiccator  over  cone,  sulphuric  acid  ; and  A.  Ditte,  by  adding  sodium  chloride 
to  a soln.  of  chromic  acid.  The  dark  reddish-yellow,  prismatic  crystals,  when  dried 
by  press,  between  porous  tiles  lose  water,  and  form  an  amorphous,  yellow  mass, 
if  kept  in  a badly  closed  vessel,  water  of  crystallization  is  taken  up  again.  The 
compound  melts  by  the  heat  of  the  hand,  and  at  110°  loses  chlorine,  and  water. 

E.  M.  Peligot  obtained  potassium  chlorochromate,  KCr03Cl,  by  boiling  potas- 
sium dichromate  for  a short  time  with  an  excess  of  hydrochloric  acid,  and  cooling 
the  liquid  : K2Cr207+2HCl=H20+2KCr03Cl — if  boiled  for  too  long  a time  some 
chromic  acid  is  reduced  ; he  also  obtained  it  by  mixing  equimolar  parts  of  potassium 
chloride  and  chromic  acid  in  aq.  soln.,  and  adding  hydrochloric  acid — G.  Herfeldt 
used  a similar  process.  E.  M.  Peligot,  and  A.  Werner,  treated  chromyl  chloride 
with  a sat.  soln.  of  potassium  chloride:  Cr02Cl2-|-KCl+H20=2HCl+KCr03Cl ; 
A.  Ditte  added  potassium  chloride  to  a hot  soln.  of  an  eq.  quantity  of  chromic 
acid  ; A.  Michaelis,  by  the  action  of  phosphorus  trichloride  on  potassium  dichromate  ; 
A.  Geuther  added  chromyl  chloride  to  soln.  of  potassium  chromate  in  dil.  acetic 
acid : K2Cr04+CrCl202=2KCr03Cl ; and  also  violet  chromic  chloride  to  molten 
potassium  dichromate,  3K2Cr207-f2CrCl3=Cr203+6KCr03Cl.  If  the  temp,  is 
too  high,  chlorine  may  be  given  off.  If  the  cold  mass  be  dissolved  in  water 
acidified  with  acetic  acid,  and  evaporated,  the  excess  of  potassium  dichromate  first 
separates  out.  and  then  follows  the  potassium  chlorochromate.  L.  Varenne  dis- 
cussed the  constitution  of  these  salts,  which  are  usually  represented  R0.Cr02.Cl, 
or  according  to  A.  Werner’s  scheme  : 


E.  M.  Peligot  said  that  the  salt  forms  rectangular  prisms,  the  colour  of  potassium 
dichromate  ; and  that  the  salt  is  stable  in  air  ; A.  Ditte  found  that  the  salt  furnishes 
yellow  needles  which  darken  in  air ; and  R.  J.  Meyer  and  H.  Best,  that  when 
1 crystallized  from  acetic  acid  soln.  over  sulphuric  acid,  the  salt  is  stable. 

G.  N.  Wyrouboff  gave  for  the  axial  ratios  of  the  monoclinic  prisms  a:h : c 
| =0-9653  : l : 1-0174,  and  £=90°  20'.  L.  Playfair  and  J.  P.  Joule  gave  2-49702  for 
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the  sp.  gr.  at  39°.  J.  Heintze,  and  J.  G.  Gentele  said  that  when  heated  to  100°, 
the  salt  gives  off  chlorine ; ' G.  Herfeldt  observed  no  evolution  of  chlorine  below 
250°,  and  he  said  that  even  after  heating  at  500°  to  600°  for  some  hours  about 
8 per  cent,  of  chlorine  remains  in  the  residue.  A.  Streng  also  found  that  some 
oxygen  is  given  off.  A.  Schafarik  found  that  the  salt  readily  fuses  to  a dark  brown 
liquid  with  the  evolution  of  chlorine  and  the  formation  of  chromic  oxide. 
A.  C.  Oudemans  represented  the  reaction : 4KCr03Cl=K2Cr207+Cr203+2KCl 
+Cl2+02  ; and  A.  Ditte  noticed  that  a little  chromyl  chloride  is  also  formed. 
F.  Morges  made  some  observations  on  the  electrolysis  of  soln.  of  the  salt.  A.  Ditte 
said  that  the  salt  is  not  decomposed  when  dissolved  in  water  ; and  F.  Morges  gave 
4-65  Cals,  for  the  heat  of  soln.  in  488  mols  of  water.  E.  M.  Peligot  found  that  the 
evaporation  of  the  aq.  soln.  of  the  salt  gives  potassium  dichromate  ; but  with  dil. 
hydrochloric  acid  the  salt  does  not  decompose ; with  cone,  hydrochloric  acid, 
potassium  chloride,  chromic  chloridq,  and  chlorine  are  formed.  A.  Ditte  also 
noticed  the  evolution  of  chlorine  when  the  salt  is  treated  with  hydrochloric  acid. 
V.  Kletzinsky  observed  that  a violet  mixture  of  potassium  chloride  and  basic 
chromic  chloride,  Cr203.2CrCl3 — or  possibly  potassium  chromium  chloride,  KCrCl4 
— is  formed  by  evaporating  the  soln.  in  cone,  hydrochloric  acid.  E.  M.  Peligot 
found  that  with  cone,  sulphuric  acid,  chromyl  chloride  is  evolved.  H.  Schiff  gave 
for  the  reaction  with  fused  potassium  sulphate : ' K2S04--bKCr03Cl=KCl 
4-K0.S02.0.Cr02.0K  ; and  with  potassium  hydrosulphate  ; KHS04-(-KCr03Cl 
=HCl+K0.S02.0.Cr02.0K.  J.  Heintze  observed  that  with  ammonia,  ammonium 
chloride,  potassium  chromochromate,  etc.,  are  formed,  while  A.  Leist  said  that  the 
products  are  potassium  and  ammonium  dichromates,  ammonium  chloride,  and 
chromic  oxide.  If  the  salt  under  ether,  freed  from  moisture  and  alcohol,  be  treated 
with  dry  ammonia,  chromium  amidochromate  is  formed.  A.  Naumann  found  the 
salt  to  be  soluble  in  acetone.  J.  Heintze  said  that  the  salt  does  not  act  on  ether 
or  benzene,  but  it  oxidizes  alcohol,  and  aniline  ; and  a hot  cone.  soln.  of  potassium 
cyanide  forms  cyanogen  chloride  and  potassium  chromate. 

E.  M.  Peligot  reported  calcium  chlorochromate,  Ca(Cr03Cl)2.5H20,  to  be  formed 
as  in  the  case  of  the  potassium  salt ; but  G.  Pratorius  could  obtain  it  only  by 
mixing  10  grms.  of  calcium  carbonate  or  acetate  with  the  theoretical  quantity  of 
solid  chromium  trioxide,  forming  30  c.c.  of  acetic  acid — containing  an  equal  part 
of  water  and  chromic  acid — over  the  mixture  and  adding  the  calculated  quantity 
of  chromyl  chloride.  The  reddish-yellow  liquid  is  warmed  on  a water-bath,  and 
the  salt  crystallizes  out  on  cooling.  The  yellow,  deliquescent  salt  melts  in  its  water 
of  crystallization  at  56°.  G.  Pratorius  obtained  strontium  chlorochromate, 
Sr(Cr03Cl)2.4H20,  from  an  acetic  acid  soln.  of  strontium  chromate,  chromium 
trioxide  and  chromyl  chloride.  The  carmine-red  crystals  melt  without  decom- 
position at  72°  ; they  lose  water  when  confined  over  sulphuric  acid  ; and  they  form 
an  orange  liquid  with  water.  Only  impure,  orange-yellow  crystals  of  barium 
chlorochromate  were  prepared  by  G.  Pratorius  from  glacial  acetic  acid  soln.  of 
barium  chromate  and  chromyl  chloride  ; but  he  obtained  from  the  soln.  a complex 
with  acetic  acid,  barium  tetracetochlorochromate,  Ba(Cr03Cl)2.4CH3C00H.2H20. 
He  also  obtained  yellow  crystals  of  barium  chlorochromatochloride,  Ba(Cr03Cl)Cl, 
probably  rhombic,  from  the  mother-liquor  remaining  after  the  separation  of  the 
preceding  salt,  treated  with  cone,  acetic  acid  on  a water-bath.  The  hygroscopic 
crystals  are  freely  soluble  in  water,  and  the  yellow  soln.  when  warmed  deposits 
barium  chromate  ; when  the  salt  is  heated,  chromyl  chloride  is  evolved.  If  the 
mother-liquor  just  indicated  be  acidified  with  dil.  hydrochloric  acid,  yellow,  six- 
sided  plates  of  the  hydrate , Ba(Cr03Cl)Cl.H20,  are  formed.  E.  M.  Peligot,  and 
S.  Lowenthal  prepared  magnesium  chlorochromate,  Mg(Cr03Cl)2.9H20,  as  in  the 
case  of  the  potassium  salt,  and  G.  Pratorius,  from  a soln.  of  magnesium  carbonate 
in  an  excess  of  chromic  acid  and  dil.  hydrochloric  acid.  The  reddish-yellow, 
hygroscopic,  rhombic  crystals  melt  in  their  water  of  crystallization  at  66°  ; they 
form  the  pentahydrale  when  confined  over  sulphuric  acid  ; and  they  lose  chlorine 
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and  water  at  135°  to  140°.  The  salt  is  freely  soluble  in  water.  G.  Pratorius 
prepared  zinc  chlorochromate,  Zn(Cr03Cl)2.9H20,  as  in  the  case  of  the  magnesium 
• salt ; and  S.  Lowenthal,  from  a cold,  cone.  soln.  of  zinc  chloride  and  chromic  acid 
acidified  with  acetic  acid,  and  he  dried  the  crystals  on  porous  tiles.  The  reddish- 
yellow,  hygroscopic,  prismatic  or  tabular  crystals  decompose  over  sulphuric  acid 
in  a desiccator,  giving  off  chlorine  ; they  melt  in  their  water  of  crystallization  at 
37-5°  ; they  lose  some  water  and  chlorine  at  100°.  Chlorine  is  evolved  when  the 
salt  is  treated  with  lead  oxide.  M.  Lachaud  and'  C.  Lepierre  prepared  impure 
thallous  chlorochromate,  TlCr03Cl,  from  a soln.  of  thallous  chloride  and  chromic 
acid  in  a little  water.  The  prismatic  crystals  are  decomposed  by  water  into 
thallous  chloride  and  chromic  acid.  L.  Bourgeois  fused  a mixture  of  lead 
chromate  and  chloride  and  obtained  hexagonal  prisms  of  lead  dichlorochromate, 
PbCl2.PbCr04.  W.  J.  Sell  prepared  chromic  hexacarbamidochlorochromate, 
[Cr(C0N2H4)6](Cr03Cl)2.3H20.  G.  Pratorius  prepared  hygroscopic,  dark  orange- 
yellow  crystals  of  cobalt  chlorochromate,  Co(Cr03Cl)2.9H20,  from  a mixed  soln.  of 
chromic  acid,  cobalt  carbonate  and  chromyl  chloride.  The  crystals  melt  in  their 
water  of  crystallization  at  40°  without  decomposition  ; and  they  lose  water  on  ex- 
posure to  air.  For  cobaltic  hexamminochlorochromate,  [Co(NH3)0]Cl(CrO4).«H2O, 
vide  supra,  the  chromates.  The  corresponding  nickel  chlorochromate,  Ni(Cr03Cl)2. 
9H20,  was  obtained  by  G.  Pratorius  in  a similar  manner  to  the  cobalt  salt ; the  dark 
orange-yellow,  hygroscopic  crystals  melt  in  their  water  of  crystallization  at  46° 
to  48°. 
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§ 24.  The  Chromium  Ammines 

The  ammines  of  chromium  were  first  obtained  by  E.  Fremy  1 in  1858,  and  they 
were  soon  afterwards  studied  by  P.  T.  Cleve,  and  then  by  J.  Morland,  A.  Reinecke, 
and  S.  M.  Jorgensen.  A.  Werner  showed  that  as  in  the  case  of  the  cobalt,  and 
platinum  ammines,  most  of  the  chromium  ammines  fitted  into  the  system  based 
on  his  co-ordination  theory — 8.  49,  19.  I.  I.  Chernyeff  studied  the  inner  structure 
of  the  chromium  ammines.  Extensive  investigations  on  the  chromium  ammines 
have  been  made  by  P.  Pfeiffer  and  his  fellow-workers,  and  the  following  summary 
is  based  on  his  reports  : 

A. — Compounds  with  one  chromium  atom  in  the  nucleus. 

I. — The  hexammine  family,  or  compounds  of  the  tervalent  basic  group : [CrA6],,/. 
(i)  Hexammines,  [Cr(NH3)6]X3.  These  salts  are  the  so-called  chromium 
luteosalts,  studied  by  S.  M.  Jorgens - n,  A.  Benrath,  O.  T.  Christensen, 
W.  R.  Lang  and  C.  M.  Carson,  J.  Meyer  and  L.  Speich,  H.  J.  S.  King, 
P.  Pfeiffer  and  S.  Basci,  L.  A.  W ile,  and  P.  Pfeiffer  and  M.  Haimann, 
J.  Petersen,  O.  Stelling,  O.  Hassel  and  G.  B.  Naess,  E.  Wilke-Dorfurt 
and  co-workers,  and  A.  Werner  and  A.  Miolati.  These  salts  include  : 
(1)  chloride  and  (2)  its  mercurichloride,  and  (3)  chloroplatinate  : (4) 
bromide  and  (5)  its  bromoplatinate  ; (6)  iodide,  and  (7a)  its  sulphate, 
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and  (76)  selenate  ; (8)  perchlorate  ; (9)  sulphate  and  (10)  its  chloro- 
platinate  ; (11)  nitrate  and  (12)  its  chloroplatinate  ; (13)  dinitrato- 
fluosulphonate  ; (14)  phosphate  and  (15)  its  sodiopyrophosphate  ; 
(16)  oxalate  and  (17)  its  chroraioxalate,  (18)  its  cobaltioxalate  ; 
(19)  cyanide  and  (20)  its  chromicyanide,  (21)  its  ferricyanide  ; (22) 
its  cobalticyanide  ; (23)  picrate  ; (24)  dipicrylamide  ; (25)  2 : 4- 
dinitro-a-naphthoxide  ; (26)  2 : 4-dinitro-a-naphthoxide-y-sulphonate  ; 

(27)  2:3:  6-trinitrophenoxide  ; (28)  1 : 2-naphthaquinone-l-oximate 
(1-nitroso-jS-naphthoxide)  ; (29)  1 : 2-dihydroxyanthraquinone  ; (30) 
picramate,  and  (31)  permanganate. 

(ii)  Trisethylenediamines,  [Cr  en3]X3.  These  salts  were  studied  by  J.  Meyer 

and  L.  Speich,  L.  A.  Welo,  P.  Pfeiffer,  P.  Pfeiffer  and  A.  Trieschmann, 
P.  Pfeiffer  and  M.  Haimann,  and  A.  G.  Berghman.  They  include  : 

(1)  chloride ; (2)  bromide ; (3)  iodide  ; (4)  nitrate  ; (5)  selenate  ; 
(6)  oxalate,  and  (7)  its  chromioxalate,  and  (8)  cobaltic  oxalate  ; 
(9)  cyanide,  and  (10)  its  chromicyanide,  and  (11)  cobalticyanide; 

(12)  thiocyanate,  and  (13)  its  chromithiocyanate  ; and  (14)  dichromate. 

(iii)  Hexacarbamides,  or  hexaurea  salts,  [Cr(NH2.CO.NH2)6]X3.  W.  J.  Sell, 

M.  Kilpatrick,  P.  Pfeiffer,  A.  Werner  and  D.  Kalkmann,  G.  A.  Barbieri, 
and  J.  Meyer  and  L.  Speich,  B.  Wilke-Dorfurt  and  co-workers 
studied  these  salts,  and  reported  : (1)  the  chloride,  and  its  complex 

(2)  with  mercuric  chloride,  and  (3)  with  platinic  chloride  ; (4)  bromide  ; 
(5)  perbromide  ; (6)  iodide  ; (7)  periodide  ; (8)  chlorate  ; (9)  per- 
chlorate ; (10)  hexasulphide  ; (11)  sulphate  ; (12)  hydrosulphate  ; 

(13)  chlorosulphate  ; (14)  bromosulphate  ; (15)  perbromosulphate  ; 

(16)  iodosulphate  ; (17)  periodosulphate  ; (18)  chloratosulphate  ; 
(19)  perchlorate ; (20)  perchloratosulphate ; (21)  persulphate ; 
(22)  fluosulphonate ; (23)  sulphatofluosulphonate ; (24)  thiosul- 
phate ; (25)  selenate ; (26)  periodocarbonate ; (27)  nitrite ; 

(28)  sulphatonitrite ; (29)  cobaltinitrite ; (30)  diamminotetranitri- 

tocobaltiate  ; (31)  chlorodiamminotetranitritocobaltiate  ; (32)  nitrate  ; 
(33)  sulphatonitrate ; (34)  cyanide  ; (35)  thiocyanate ; (36)  ferro- 
cyanide ; (37)  ferricyanide  ; (38)  nitroprusside ; (39)  mangani- 

cyanide;  (40)  cobalticyanide  ; (41)  chloronickelocyanide ; (42)  chloro- 
platinocyanide ; (43)  hexathiocyanatochromiate ; (44)  hexacyano- 
chromiate  ; (45)  fluosilicate ; (46)  fluoborate  ; (47)  fluoboratosul- 
phate  ; (48)  chromate  ; (49)  chlorochromate  ; (50)  dichromate  ; 

(51)  chlorodichromate ; (52)  bromodichromate ; (53)  perchlorato- 
dichromate  ; (54)  disulphatodichromate  ; (55)  nitratodichromate ; 
(56)  tetrafluoboratodichromate  ; (57)  permanganate  ; (58)  sulphato- 
permanganate ; (59)  dichromatopermanganate ; (60)  oxalate ; 

(61)  picrate  ; (62)  naphthalene-2-sulphonate  ; (63)  toluenesulphonate ; 
(64)  o-dichlorobenzenesulphonate  ; (65)  sulphatobenzenesulphonate  ; 
and  (66)  diflavianate-flavianate.  E.  Wilke-Dorfurt  and  R.  Pfau 
studied  the  isomorphism  of  the  permanganate,  perchlorate,  fluoborate, 
fluosulphonate,  and  iodide. 

(iv)  Bisethylenediaminopropylenediamines,  [Cr  en2pn]X3.  These  salts  were 

studied  by  P.  Pfeiffer,  P.  Pfeiffer  and  H.  Pietsch,  and  P.  Pfeiffer, 
T.  Gassmann.  They  include  : (1)  bromide  ; (2)  iodide  ; (3)  oxalate 
and  (4)  its  chromioxalate,  and  (5)  cobaltioxalate ; (6)  cyanide,  and 
its  (7)  chromicyanide,  and  (8)  cobalticyanide  ; and  (9)  thiocyanate. 

(v)  Trispropylenediamines,  [Crpn3]X3.  These  salts  were  studied  by  P.  Pfeiffer 

and  M.  Haimann,  and  P.  Pfeiffer  and  T.  Gassmann.  They  include  : 
(1)  iodide ; (2)  cobaltioxalate ; (3)  chromicyanide  ; (4)  cobalticyanide ; 
(5)  thiocyanate  ; and  (6)  chromithiocyanate. 

(vi)  Ayuopcntammines,  [Cr(NH3)5(H20)]X3.  These  salts  are  the  so-called 
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chromium  roseo-salts,  studied  by  S.  M.  Jorgensen,  F.  Ephraim  and 
W.  Ritter,  A.  Benrath,  0.  Hassel  and  G.  B.  Naess,  A.  Hiendlmayr,  and 

O.  T.  Christensen.  They  include:  (1)  hydroxide;  (2)  fluoride — vide 
supra,  (3)  chloride,  and  (4)  its  mercurichloride  ; (5)  bromide, . and 

(6)  its  bromoplatinate  ; (7)  iodide ; (8)  perchlorate ; (9)  sulphate, 
and  (10)  its  chloroplatinate  ; (11)  nitrate,  and  (12)  hydronitrate  ; 
(13)  cyanide,  and  (14)  its  chromicyanide,  (15)  its  ferricyanide,  and 
(16)  its  cobalticyanide.  H.  J.  S.  King  showed  that  these  salts  may 
be  hydroxypentammines, 

(vii)  Diaquotetrammines,  [Cr(NIl3)4(H20)2]X3.  These  salts  were  investigated 
by  P.  Pfeiffer.  They  include  : (1)  hydronitrate  ; (2)  chloride  ; and 

(3)  bromide. 

(viii)  Diaquobisethylenediamines,  [Cr  en2(H20)2]X3.  These  salts  were  studied 
by  P.  Pfeiffer.  These  are  the  isomeric  forms  : 

(a)  Cis-salts,  including  (1)  chloride  ; (2)  bromide  ; (3)  chromioxa- 

late  ; and  (4)  chromithiocyanate. 

(b)  Trans-salts,  including  (1)  chloride  ; and  (2)  bromide. 

(ix)  Triaquotriammines,  [Cr(NH3)3(H20)3]X3.  These  salts  were  studied  by 
A.  Werner,  S.  Guralsky,  and  E.  H.  Riesenfeld  and  F.  Seemann  and 
they  include  : (1)  the  chloride  ; (2)  the  perchlorate  j (3)  the  bromide  ; 

(4)  hydroxyiodide  ; and  (5)  chloronitrate. 

(x)  Tetraquodiammines,  [Cr(NH3)2(H20)4]X3.  These  salts  were  studied  by 

A.  Werner  and  J.  Klein.  They  include  : (1)  chloride  ; (2)  bromide  ; 

(3)  sulphate. 

(xi)  Tetraquodipyridines,  [Crpy2(H20)4]X3.  These  salts  were  studied  by 

P.  Pfeiffer,  P.  Pfeiffer  and  W.  Osann,  and  P.  Pfeiffer  and  M.  Tapuach. 
They  include  : (1)  chloride  ; (2)  bromide  ; (3)  sulphate,  and  (4)  hydro- 
sulphate ; (5)  nitrate  ; and  (6)  chromicyanide. 

(xii)  Diaquotetramido-salts , [Cr(H20j2(C2H502N)4],  studied  by  G.  Florence  and 

E.  Couture. 

(xiii)  Hexaquo-salts,  [Cr(H20)6]X3.  These  salts  were  studied  by  A.  Werner 
and  A.  Gubser,  A.  Gubser,  A.  Werner  and'  R.  Huber,  P.  Pfeiffer, 
R.  F.  Weinland  and  R.  Krebs,  R.  F.  Weinland  and  T.  Schumann, 
and  L.  A.  Welo.  They  correspond  with  the  hexahydrated  chlorides, 
sulphates,  and  chlorosulphates.  J.  Meyer  and  L.  Speich  prepared 
the  selenate. 

(xiv)  Hexa-antipyrino-salts,  [Cr(COC10H12N2)6]X3,  were  prepared  by  E.  Wilke- 
Dorfurt  and  H.  G.  Mureck.  For  example,  (1)  the  fluoborate, 
[Cr(COC10H12N2)6](BF4)3  ; (2)  the  permanganate  ; (3)  the  fluosul- 
phonate  ; (4)  the  thiocyanate  ; (5)  the  dichromate  ; (6)  the  chlorate  ; 

(7)  the  thiosulphate  ; (8)  the  ferrocyanide  ; (9)  the  ferricyanide ; 
and  (10)  the  picrate. 

(xv)  Trioxalato-salts,  R3/[Cr(C204)3],  studied  by  A.  G.  Berghman. 

II. — The  pentammine  family,  or  compounds  of  the  bivalent,  basic  group : [CrA5X]". 
P.  Larisch  made  some  comparative  observations  on  the  solubilities  of  these 
salts. 

(i)  Hydroxypentammines,  [Cr(NH3)5(OH)]X2.  S.  M.  Jorgensen,  P.  Pfeiffer, 

A.  Werner,  A.  Benrath,  L.  A.  Welo,  J.  V.  Dubsky,  and 
H.  J.  S.  King  reported  (1)  chloride ; (2)  bromide ; (3)  iodide ; 

(4)  sulphate  ; (5)  dithionate  ; (6)  nitrate  ; (7)  chromate  ; (8)  oxalate  ; 
(9)  picramate  ; (10)  picrate  ; (11)  dipicrylamide ; and  (12)  2 : 4-dinitro- 
a-naphthoxide-y-sulphonate.  The  (13)  hydroxide  was  obtained  by 
the  action  of  silver  oxide  on  the  chloride. 

(ii)  Hydroxyaquopenlammines,  [Cr(NH3)5(H20)(H0)]X2.  These  salts  were 

studied  by  P.  Pfeiffer.  They  include : (1)  bromide ; and 

(2)  dithionate. 
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(iii)  Hydroxyaquobisethylenediamines,  [Cr  en2(H20)(H0)]X2.  These  salts 

were  studied  by  P.  Pfeiffer,  P.  Pfeiffer  and  R.  Stern,  P.  Pfeiffer 
and  R.  Prade,  P.  Pfeiffer  and  T.  G.  Lando.  There  are  isomeric 
forms : 

(a)  Cis-salts,  including  (1)  chloride  ; (2)  bromide  ; (3)  iodide  ; and 

(4)  dithionate. 

(b)  Trans-salts,  including  (1)  bromide  ; (2)  iodide  and  (3)  dithionate. 

(iv)  Hydroxydiaquotriammines , [Cr(NH3)3(H20)2(H0)]X2  The  iodide  was 

studied  by  A.  Werner. 

(v)  Hydroxytriaquodiammines , [Cr(NH3)2(H20)3(0H)]X2.  The  sulphate 

was  studied  by  A.  Werner  and  J.  Klein,  and  A.  Werner  and 
V.  Dubsky. 

(vi)  Hydroxytriaquodipyridines,  [Crpy2(H20)3(0H)]X2.  These  salts  were 

studied  by  P.  Pfeiffer,  P.  Pfeiffer  and  M.  Tapuach,  and  P.  Pfeiffer 
and  W.  Osann.  They  include : (1)  chloride ; (2)  sulphate ; and 

(3)  thiocyanate. 

(vii)  Nitritopentammines,  [Cr(NH3)5(N02)]X2.  They  are  the  so-called 

chromium  xantho-salts . These  salts  were  studied  by  0.  T.  Christen- 
sen, J.  N.  Bronsted  and  A.  Petersen,  and  A.  Werner  and  A.  Miolati. 
They  include : (1)  chloride,  and  (2)  its  mercurichloride,  and  (3) 
its  chloroplatinate ; (4)  bromide ; (5)  iodide ; (6)  sulphate ; (7) 
dithionate ; (8)  nitrate ; (9)  carbonate  ; (10)  chromate ; and  (11) 
dichromate. 

(viii)  Nitratopentammines,  [Cr(NH3)5(N03)]X2.  These  salts  were  studied  by 
A.  Werner  and  J.  von  Halban.  They  include  : (1)  iodide  and 
(2)  nitrate. 

(ix)  Nitratodiaquotriammines,  [Cr(NH3)3(H20)2(N03)]X2.  The  nitrate  was 

studied  by  E.  H.  Riesenfeld  and  F.  Seemann. 

(x)  Fluopentammines,  [Cr(NH3)5F]X2.  These  salts  were  prepared  by 

A.  Hiendlmayr.  They  include  : (1)  fluoride  ; (2)  chloride  ; (3)  nitrate  ; 

(4)  chromate ; and  (5)  ferricyanide. 

(xi)  Chloropcnlammines , [Cr(NH3)5Cl]X2.  These  are  the  so-called  chromium 

purpureo-salts . They  were  studied  by  0.  T.  Christensen,  A.  Werner 
and  A.  Miolati,  0.  Hassel  and  G.  B.  Naess,  F.  Ephraim  and  W.  Ritter, 
J.  Meyer  and  L.  Speich,  J.  N.  Bronsted  and  A.  Petersen,  H.  J.  S.  King, 
L.  A.  Welo,  and  S.  M.  Jorgensen.  They  include : (1)  chloride  ; 
(2)  its  mercurichloride,  and  (3)  its  chloroplatinate ; (4)  bromide,  and 

(5)  its  mercuribromide ; (6)  iodide,  and  (7)  its  mercuriiodide ; 

(8)  chlorate;  (9)  perchlorate;  (10)  pentasulphide ; (11)  sulphate, 
and  (12a)  its  hydrosulphate;  (126)  selenate ; (13)  dithionate; 

(14)  fluosilicate  ; (15)  oxalate  ; (16)  ferrocyanide  ; (17)  chromate  ; 
(18)  picrate  ; (19)  2 : 4-dinitro-a-naphthoxide  ; (20)  2 : 4-dinitro-a- 
naphthoxide-y-sulphonate  ; and  (21)  2:3:  6-trinitrophenoxide. 

(xii)  Chloroaquotetrammines , [Cr(NH3)4(H20)Cl]X2.  These  are  the  so-called 

chromium  roseo-salts.  They  were  studied  by  E.  Fremy,  P.  T.  Cleve, 
A.  Werner  and  A.  Miolati,  S.  M.  Jorgensen,  J.  Petersen,  P.  Pfeiffer 
and  S.  Basci,  P.  Pfeiffer.  They  include : (1)  chloride,  and  its 
(2)  mercurichloride,  and  (3)  its  chloroplatinate ; (4)  bromide ; 

(5)  iodide  ; (6)  sulphate  ; (7)  nitrate  ; (8)  fluosilicate  ; (9)  oxalate  ; 
and  (10)  chromate. 

(xiii)  Chlorodiaquolriammines,  [Cr(NH3)3(H20)2CljX2.  These  salts  were 
studied  by  E.  H.  Riesenfeld  and  F.  Seemann.  They  include : 
(1)  chloride  ; and  (2)  sulphate. 

(xiv)  Bromodiaquolriammines,  [Cr(NH3)3(H20)2Br]X2.  These  salts,  prepared 
by  S.  Guralsky,  include:  (1)  chloride;  (2)  bromide ; and  (3) 
sulphate. 
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(xv)  Chloropentaquo-salts,  [Cr(H20)5Cl]X2.  These  salts  have  been  discussed 
in  connection  with  the  hydrates  of  chromic  chlorides.  They  were 
discussed  by  N.  Bjerrum,  A.  Recoura,  R.  F.  Weinland  and  R.  Krebs, 
and  R.  F.  Weinland  and  T.  Schumann.  The  series  is  represented  by 

(1)  chloride ; (2)  sulphate ; and  (3)  chlorosulphate.  J.  Meyer  and 
L.  Speich  made  (4)  the  selenate. 

(xvi)  Bromopentammines , [Cr(NH3)5Br]X2.  These  salts  were  studied  by 
S.  M.  Jorgensen,  and  A.  Werner  and  A.  Miolati.  They  are  represented 
by  (1)  chloride  ; (2)  bromide,  and  (3)  its  bromoplatinate  ; (4)  nitrate  ; 
and  (5)  chromate. 

(xvii)  Bromoaquotetrammines,  [Cr(NH3)4(H20)Br]X2.  The  salts  were  studied 
by  P.  T.  Cleve,  and  P.  Pfeiffer  and  S.  Basci.  They  include : 
(1)  chloride  ; (2)  bromide  ; and  (3)  sulphate. 

(xviii)  Bromoaquobisethylenediamines , [Cr  en2(H20)Br]X2.  The  salts  were 
studied  by  P.  Pfeiffer,  P.  Pfeiffer  and  R.  Stern,  and  P.  Pfeiffer 
and  T.  G.  Lando.  They  include  : (1)  bromide;  and  (2)  chromithio- 
cyanate. 

(xix)  Bromodiaquotriammines , . [Cr(NH3)3(H20)2Br]X2.  A.  Werner  prepared 

(1)  the  chloride  ; (2)  the  bromide  ; and  (3)  the  sulphate. 

(xx)  Iodopentammines,  [Cr(NH3)5I]X...  These  salts  were  studied  by  A.  Werner 

and  A.  Miolati,  and  S.  M.  Jorgensen.  The  salts  include  : (1)  chloride, 
and  (2)  its  chloroplatinate  ; (3)  iodide  ; and  (4)  nitrate. 

(xxi)  1 bdoaquote.tr ammines,  [Cr(NH3)4(H20)I]X2.  P.  T.  Cleve  prepared  the 

iodide. 

(xxii)  Thiocyanatopentammines , [Cr(NH3)5(SCy)]X2.  The  salts  were  studied 
by  A.  Werner  and  J.  von  Halban.  The  salts  include  : (1)  chloride  ; 

(2)  bromide  ; (3)  nitrate  ; (4)  thiocyanate  ; and  (5)  dichromate, 
(xxiii)  Sulphatopentaquo-saks,  [Cr(H20)5(S04)]X2.  The  chloride  was  prepared 

by  R.  F.  Weinland  and  T.  Schumann. 

III.— The  tetrammine  family,  or  compounds  of  the  univalent  basic  group  : 
[CrA4X'X'].  P.  Larisch  made  some  comparative  observations  on  the 
solubilities  of  these  salts. 

(i)  Dihydroxydiaquodiammines , [Cr(NH3)2(H20)2(0H)2]X.  These  salts  were 
prepared  by  A.  Werner  and  J.  V.  Dubsky,  and  A.  Werner  and 
J.  L.  Klein.  The  salts  include  : (1)  chloride  ; (2)  bromide  ; (3)  iodide; 
(4)  dithionate  ; and  (5)  thiocyanate. 

(ii)  Dihydroxydiaquodipyridines,  [Crpy2(H20)2(H0)2]X.  These  salts  were 

prepared  by  P.  Pfeiffer,  P.  Pfeiffer  and  W.  Osann,  and  P.  Pfeiffer 
and  M.  Tapuach.  The  salts  include : (1)  chloride ; (2)  bromide ; 

(3)  iodide ; (4)  sulphate  ; (5)  nitrate  ; and  (6)  thiocyanate. 

(iii)  Dichlorotetraquo-salts,  [Cr(H20)4Cl2]X,  represented  by  J.  Meyer  and 

L.  Speich’s  [Cr(H20)4Cl2](Se04)2[Cr(H20)6].  The  salts  are  represented 
by  the  (1)  chloride  and  its  complexes  with  (2)  antimonic  chloride,  and 
(3)  caesium  chloride ; as  well  as  by  the  (4)  sulphate.  They  were 
studied  by  A.  Werner  and  A.  Gubser,  N.  Bjerrum,  R.  F.  Weinland 
and  K.  Feige,  0.  Stelling,  and  P.  Pfeiffer. 

(iv)  Di/iydroxydiaquoethylenediamines,  [Cr(H20)2  en(0H)2]X.  These  salts, 

prepared  by  E.  Weinmann,  include  : (1)  chloride  ; (2)  perchlorate  ; 
(3)  bromide  ; (4)  iodide  ; (5)  dithionate  ; and  (6)  thiocyanate. 

(v)  Dichlordbisethylenediamines , [Cren2Cl2]X.  These  salts  were  studied  by 

A.  Werner,  P.  Pfeiffer,  P.  Pfeiffer  and  P.  Koch,  P.  Pfeiffer  and 
T.  G.  Lando,  P.  Pfeiffer  and  R.  Stern,  and  P.  Pfeiffer  and  A.  Triesch- 
mann.  There  are  the  isomeric  forms  : 

(a)  Inactive  salts,  including  (1)  chloride  and  (2)  its  antimonichloride, 
and  (3)  dhloroplatinate  ; (4)  bromide  ; (5)  iodide  ; (6)  sul- 
phate ; (7)  dithionate  ; (8)  nitrate  ; and  (9)  thiocyanate. 
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(b)  Dextro-cis  salts,  including  (1)  chloride  ; (2)  bromide,  and  (3)  its 

bromocamphorsulphonate  ; and  (4)  nitrate. 

(c)  Lcevo-cis-salts,  including  (1)  chloride ; (2)  bromide,  and  (3)  its 

bromocamphorsulphonate  ; and  (4)  nitrate. 

(d)  Trans-salts,  including  (1)  chloride,  and  (2)  its  hydrochloride, 

and  (3)  chloroplatinate ; (4)  bromide  ; (5)  iodide  ; (6)  di- 
thionate  ; (7)  nitrate  ; (8)  chromidioxalatoethylenediamine  ; 
and  (9)  thiocyanate. 

(vi)  DicMoroaquotriammines , [Cr(NH3)3(H20)Cl2]X.  These  salts  were  pre- 
pared by  A.  Werner,  F.  Frowein,  E.  H.  Riesenfeld  and  F.  Seemann, 
and  S.  Guralsky,  and  include  : (1)  chloride  ; (2)  iodide  ; (3)  sulphate  ; 
(4)  hydrosulphate  ; and  (5)  nitrate. 

(vii)  Dibromoaquotriammines,  [Cr(NH3)3(H20)Br2]X.  These  salts,  prepared 
by  S.  Guralsky,  include  : (1)  bromide  ; (2)  iodide  ; (3)  sulphate  ; 
(4)  nitrate  ; and  (5)  thiocyanate. 

(viii)  Dichlorodiaquodiammines,  [Cr(NH3)2(H20)2Cl2]X.  A.  Werner  and 
J.  L.  Klein  prepared  the  chloride. 

(ix)  Dicklorodiaquodipyridines,  [Crpy2(H20)2Cl2]X.  These  salts  were  pre- 

pared by  P.  Pfeiffer  and  M.  Tapuach,  and  include  : (1)  chloride,  and 
(2)  its  complex  with  pyridinium  chloride ; (3)  bromide ; and 

(4)  nitrate. 

(x)  Dibromotetraquo-salts,  [Cr(H20)4Br2]X.  These  salts  are  represented  by 

the  chloride  prepared  by  N.  Bjerrum. 

(xi)  Dibromobisethylenediamines , [Cren2Br2)X.  They  were  studied  by 

P.  Pfeiffer,  and  P.  Pfeiffer  and  A.  Trieschmann.  There  are  isomeric 
forms  : 

(as)  Cis-salts,  including  (1)  bromide  ; (2)  iodide  ; and  (3)  dithionate. 
(b)  Trans-salts,  including  (1)  bromide  and  (2)  its  hydrobromide, 
and  (3)  its  mercuribromide ; (4)  iodide  ; (5)  dithionate  ; 
(6)  nitrate  ; and  (7)  thiocyanate. 

(xii)  DicMoroaquotriammines,  [Cr(NH3)3(H20)Cl2]X.  The  chloride  was 
studied  by  E.  H.  Riesenfeld  and  F.  Seemann. 

(xiii)  Dibromodiaquodiammines,  [Cr(NH3)2(H20)2Br2]X.  A.  Werner  and 
J.  L.  Klein,  and  A.  Werner  and  J.  V.  Dubsky  studied  the  bromide. 

(xiv)  Dibromodiaquopyridines,  [Cr(NH3)2(H20)2Br2]X.  These  3alts  were 

studied  by  A.  Werner  and  A.  Gubser,  and  P.  Pfeiffer  and  M.  Tapuach. 
The  salts  include  : (1). bromide  ; (2)  iodide  ; and  (3)  nitrate. 

(xv)  Dibromotetraquo-salts,  [Cr(H20)4Br2]X.  These  salts  were  studied  by 

A.  Recoura,  A.  Werner  and  A.  Gubser,  A.  Werner  and  R.  Huber, 
P.  Pfeiffer  and  M.  Tapuach,  and  N.  Bjerrum.  The  salts  include  : 
(1)  chloride  ; (2)  bromide  ; (3)  sulphate  ; and  (4)  the  cobaltic  tetra- 
nitritodiammine . 

(xvi)  Diiodobisethylenediamines , [Cren2I2]X.  The  double  salt  with  mercuric 
iodide  was  studied  by  P.  Pfeiffer  and  T.  G.  Lando. 

(xvii)  Dithiocyanatotetrammines,  [Cr(NH3)4(SCy)2]X.  These  salts  were  studied 
by  P.  Pfeiffer  and  M.  Tilgner,  and  A.  Werner  and  J.  von  Halban.  The 
salts  include  : (1)  chloride  ; (2)  bromide  ; (3)  sulphate  ; (4)  nitrate  ; 
and  (5)  thiocyanate. 

(xviii)  Ditfn'ocyanatobisethylenediamines,  [Or  en2(SCy)2]X.  These  salts  were 
studied  by  P.  Pfeiffer  and  M.  Haimann,  P.  Pfeiffer  and  P.  Koch, 
P.  Pfeiffer  and  R.  Stern,  and  P.  Pfeiffer.  There  are  isomeric  forms  : 

(a)  Cis-salts,  including  (1)  chloride  ; (2)  bromide  ; (3)  iodide  and 

its  complex  with  mercuric  iodide  ; (4)  sulphate  ; (5)  nitrate  ; 
(6)  thiocyanate  ; and  (7)  chromithiocyanate. 

(b)  Trans-salts,  including  (1)  chloride  ; (2)  bromide,  (3)  sulphate  ; 

(4)  nitrate  ; (5)  thiocyanate  ; and  (6)  chromithiocyanate. 
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(xix)  Oxalatotetrammines,  [Cr(NH3)4(C204)]X.  These  salts  were  studied  by 
P.  Pfeiffer  and  S.  Basci.  The  salts  include  : (1)  chloride  ; (2)  bromide  ; 
(3)  iodide  ; (4)  nitrate  ; and  (5)  chromidioxalatodiammine. 

(xx)  Oxalatobisethylenediamines,  [Cr  en2(C204)]X.  These  salts  were  studied  by 
P.  Pfeiffer,  P.  Pfeiffer  and  R.  Stern,  and  P.  Pfeiffer  and  A.  Triesch- 
mann,  and  H.  Schwarz.  The  salts  include  : (1)  bromide  ; (2)  iodide  ; 
(3)  chromidioxalatoethylenediamine ; and  (4)  the  chromidioxalato- 
diaquo-salt.  Some  other  oxalato-salts  were  studied  by  R.  Weinland 
and  W.  Hiibner,  and  F.  Hans. 

IV. — The  triammine  family,  or  compounds  of  the  null- valent  group  : [CrA3X3']. 

(i)  Trichlorotriammine,  [Cr(NH3)3Cl3],  was  prepared  by  A.  Werner, 

E.  H.  Riesenfeld  and  F.  Seemann,  F.  Frowein,  0.  Stelling, 
S.  Guralsky,  and  H.  I.  Schlesinger  and  co-workers.  There  are  also  the 
tribromide  and  the  mixed  chlorobromides. 

(ii)  TrifiydToxyaquodiamrmn.es,  [Cr(NH3)2(H20)(0H)3].  The  tetrahydraie  was 

studied  by  A.  Werner  and  J.  L.  Klein. 

(iii)  Trihydroxyaquodipyridines,  [Crpy2(H20)(0H)3].  The  hexahydrate  was 

studied  by  P.  Pfeiffer  and  M.  Tapuach. 

(iv)  Dichlorohydroxyaquodipyridine,  [Crpy2(H20)Cl2].  This  salt  was  pre- 

pared by  P.  Pfeiffer  and  M.  Tapuach. 

(v)  Trichlorotripyridine,  [Crpy3Cl3].  This  salt  was  examined  by  P.  Pfeiffer. 

The  addition  products  with  (1)  2CH3Cy,  and  (2)  C2H5Cy  were  examined 
by  P.  Pfeiffer. 

(vi)  Trichloroaquodipyridine,  [Crpy2(H20)Cl3].  This  salt  was  studied  by 

P.  Pfeiffer  and  M.  Tapuach. 

(vii)  Triaquotrichlorides,  [Cr(H20)3Cl3],  The  addition  product  with  2Py.HCl 

was  studied  by  P.  Pfeiffer. 

(viii)  Trisethylalcoholotrichloride,  [Cr(C2H5.OH)3Cl3].  This  compound  was 
examined  by  I.  Koppel. 

(ix)  Trichlorotrithiourea,  [Cr(CSN2H4)3Cl3].  The  hemihydrate  was  examined 

by  P.  Pfeiffer. 

(x)  Triaquotribromides,  [Cr(H20)3Br3].  The  addition  product  with  2PyHBr 

was  studied  by  P.  Pfeiffer. 

(xi)  Trithiocyanatotriammine,  [Cr(NH3)3(SCy)3].  This  compound  was  studied 

by  A.  Werner  and  J.  von  Halban. 

(xii)  Trithiocyanatoaquodiammines,  [Cr(NH3)2(H20)(SCy)3].  The  mono- 

hydrate  was  studied  by  0.  Nordenskjold,  J.  A.  Siemssen,  and 
A.  Werner  and  G.  Richter  ; (1)  the  addition  product  with  (2)  ethylene- 
diammine,  (3)  piperidine ; (4)  aniline,  (5)  brucine ; and  (6)  pyridine 
were  studied  by  0.  Nordenskjold,  and  J.  A.  Siemssen. 

(xiii)  Dichlorothiocyanatotriammine,  [Cr(NH3)3(SCy)Cl2].  This  salt  was  prepared 
by  S.  Guralsky. 

V.  — The  diammine  family,  or  compounds  of  the  univalent,  acidic  group  : [CrA2X4], 

(i)  Tetrqthiocyanatodiammines,  [Cr(NH3)2(SCy)4]M.  These  compounds  were 
studied  by  J.  Morland,  A.  Reinecke,  P.  T.  Cleve,  0.  Nordenskjold, 
R.  Escales  and  H.  Ehrensperger,  J.  A.  Siemssen,  E.  Orloff, 
0.  T.  Christensen,  A.  Werner  and  G.  Richter,  A.  Werner  and 
J.  L.  Klein,  and  P.  Pfeiffer  and  M.  Tilgner.  The  compounds  include  : 
(1)  the  acid  and  its  monobydrate  or  dihyrate  ; (2)  sodium  ; (3)  potas- 
sium— Reinecke' s salt ■ — and  (4)  its  complex  with  potassium  iodide  ; 
(5)  rubidium,  and  (6)  a complex  with  pyridine  ; (7)  caesium,  and 
(8)  a complex  with  pyridine;  (9)  copper;  (10)  barium;  (11)  zinc, 
(12)  a complex  with  pyridine  ; and  (13)  one  with  ammonia  ; (14)  cad- 
mium ; (15)  mercury;  (16)  iron;  (17)  cobalt;  (18)  ammonium  and 
(19)  its  hydrate,  and  (20)  iodide;  (21)  nitrosyl ; (22)  guanidine; 
(23)  methylamine  ; (24)  dimcthylamine  ; (25)  trimcthyl amine  ; 
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(26)  ethylamine  ; (27)  amylamine  ; (28)  tetramethylammonium  ; 
(29)  methylpyridinium ; (30)  methylquinolinium ; (31)  m-xyli- 

dinium ; (32)  ethylenediamine ; (33)  pentamethylenediamine  ; 

(34)  aniline  ; (35)  ammonium  aniline  ; (36)  o-toluidine ; (37)  p- 
toluidine  ; (38)  phenylhydrazme  ; (39)  piperidine  ; (40)  pyridine  ; 
(41)  picoline ; (42)  quinoline ; (43)  morphine ; (44)  quinine ; 

(45)  strychnine  ; (46)  pilocarpine  ; and  (47)  cocaine. 

(ii)  Tetrathiocyanatodipyridines,  [CrPy2(SCy)4]M.  These  compounds  were 

studied  by  J.  Sand  and  0.  K.  H.  Burger,  and  P.  Pfeiffer  and  W.  Osann. 
The  salts  include  : (1)  potassium — the  dihydrate,  and  tetrapyridine  ; 

(2)  sodium — the  trihydrate,  and  tetrapyridine  ; and  (3)  the  mono- 
and  di-pyridines. 

(iii)  Telrathiocyanatoethylenediamine,  [Or  en(SCy)4]M.  These  compounds, 

prepared  by  E.  Weinmann,  include  : (1)  sodium  ; (2)  potassium  ; 

(3)  caesium  ; (4)  ammonium  ; (5)  caffeine  ; (6)  coniine  ; (7)  nicotine  ; 
(8)  narcotine  ; (9)  codeine  ; (10)  strychnine  ; and  (11)  brucine. 

(iv)  Dioxalatodiammines,  [Cr(NH3)2(C204)2]M.  P.  T.  Cleve,  and  P.  Pfeiffer 

and  S.  Basci  studied  the  complex  which  the  group  forms  with  chromic 
oxalatotetrammine . 

(v)  Dioxalatoethylenediamines,  [Cr  en(C204)2]M.  These  salts  were  studied  by 

H.  Schwarz,  P.  Pfeiffer,  P.  Pfeiffer  and  A.  Trieschmann,  P.  Pfeiffer 
and  R.  Stern,  and  P.  Pfeiffer  and  R.  Prade.  The  salts  include : 

(1)  potassium  and  its  complex  with  potassium  iodide  ; (2)  the  addition 

product  with  chromic  iraws-dichlorobisethylenediamine  ; (3)  the 

addition  product  with  chromic  oxalatobisethylenediamine  ; (4)  the 
addition  product  with  cobaltic  dichlorobisethylenediamine,  and  its 
dihydrate. 

(vi)  Dioxalatodiaquo- salts,  [Cr(H20)2(C204)2]M.  The  (1)  ammonium, 

(2)  sodium  ; and  (3)  potassium  salts  were  studied  by  A.  Rosenheim 
and  L.  Cohn,  and  P.  Pfeiffer  and  R.  Stern. 

VI,  — The  monammine  family,  or  compounds  of  the  bivalent,  acidic  group: 

[CrAX5],  These  compounds  are  represented  by  the  pentahalides — 
vide  supra — studied  by  A.  Werner,  and  A.  Werner  and  A.  Gubser — 
e.g.,  (1)  M2[Cr(H20)F5] ; (2)  M2[Cr(H20)Cl5] ; and  (3)  M2[Cr(H20)Br5]. 

VII. — The  hexa-acid  family  or  compounds  of  the  tervalent,  acidic  group : 

[CrX6],  These  compounds  are  represented  by  (1)  M3[CrF6] ; 
(2)  M3[CrCy6] ; (3)  M3[Cr(SCy)6] ; and  (4)  M3[Cr(C204)3],  studied  by 
H.  Schwarz,  L.  A.  Welo,  P.  Pfeiffer,  and  J.  A.  Siemssen. 

B. — Polychromic  compounds,  that  is,  compounds  with  more  than  one  chromium  atom 

in  the.  nucleus. 

I.- — Dichromic  salts — -with  two  chromium  atoms  in  the  nucleus.  Some  salts  pre- 
pared by  P.  Schiitzenberger  in  1868 — viz.  [Cr20(CH3C00)3(N03)J ; 
[Cr2(CH3C00)4(N03)(0H)] ; and  [Cr2(CH3C00)5.N03l  may  belong  to  this 
group.  There  are  also  salts  of  the  type  [Cr2(OH)(OOC.CH2SCy)4]X, 
described  by  R.  G.  Krasnowskaja  including  the  hydroxide,  chloride, 
bromide,  iodide,  sulphate,  and  dithionate ; and  D.  R.  Camhi’s 
[Cr2(OOC.C'H2Cy)6OH]X. 

(i)  Hyd roxydecammines , [Cr2(OH)(NH3)10]X5.  These  salts  were  studied  by 
S.  M.  Jorgensen,  A.  Werner,  J.  Petersen,  and  P.  Pfeiffer. 
S.  M.  Jorgensen  called  them  the  chromium  rhodo-salts  ; and  A.  Werner, 
dccammine-ol-dichromic  salts.  The  rhodo-salts  include  : (1)  chloride, 
(2)  its  chloraurarte,  and  (3)  its  chloroplatinate  ; (4)  bromide,  and 
(5)  its  bromoplatmate  ; (6)  iodide  ; (7)  sulphate  ; (8)  dithionate  ; 
and  (9)  nitrate.  These  salts  have  a neutral  reaction  ; and  A.  Werner 
represented  them  by  the  following  formula  in  order  to  show  their 
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relationship  with  the  isomeric  erythro-salts — vide  infra — which 
have  an  acidic  reaction  : 


(NH3)5Cr...O-Cr(NH3)6jx 


Rhodo-salts. 


P (NH3)5Cr-0-Cr(NH3)6'| 
H 
X 


X4 


Erythro-salts. 


There  are  the  so-called  basic  rhodo-salts,  [Cr2(OH)(NH3)10]X4(OH), 
studied  by  S.  M.  Jorgensen,  and  A.  Werner.  They  are  represented 
by  (1)  chloroiodide  ; (2)  bromide  ; and  (3)  dithionate.  The  rhodo- 
salts  are  isomeric  with  the  erythro-salts  studied  by  S.  M.  Jorgensen, 
and  represented  by  (1)  chloroiodide  ; (2)  chloroplatinate ; (3)  bromide ; 
(4)  sulphate  ; and  (5)  nitrate. 

(ii)  Oxydecammines,  [Cr2O(NH3)]0]X4,  or  [(NH3)3Cr-0-Cr(NH3)5]X4.  They 

were  studied  by  S.  M.  Jorgensen,  and  A.  Werner.  The  former  called 
them  basic  chromium  erythro-salts.  They  include:  (1)  bromide; 
(2)  dithionate  ; and  (3)  nitrate. 

(iii)  Dihydroxyaquatorethylenediamines,  [Cr2(OH)2  en4]X4.  They  were  studied 

by  P.  Pfeiffer  and  R.  Stern.  The  salts  include  : (1)  bromide  ; and 
(2)  iodide.  P.  Pfeiffer  represented  them  by  the  formula  : 


H 


en 

en 


Cr 


/O 

0/ 


Cr 


en 

en 


X 


4 


(iv)  Trihydroxyaquohexammines,  [Cr2(0H)3(H20)(NH3)6]X3,  or  possibly 
[Cr4(OH)6(NH3)12]X6.  S.  M.  Jorgensen  studied  these  salts  and 
called  them  chromium  rhodoso-salts.  They  were  also  studied  by 
P.  Pfeiffer,  and  J.  Petersen.  The  salts  include  : (1)  chloride,  (2)  its 
chloraurate,  and  (3)  its  chloroplatinate  ; (4)  bromide  ; (5)  iodide  ; 
(6)  polysulphide  ; (7)  sulphate  ; (8)  hydrosulphate  ; (9)  hydroxalate  ; 
and  (10)  chromate.  S.  M.  Jorgensen  gave  for  the  formula  : 


(NH3)2  Cr-0-Cr(NH3)4"|x  op  r(NH3)2Cr-0- Cr  (NH3)41  x 
(H20)20H  X i 2 L(H20)2X  OH  J 


and  P.  Pfeiffer : 


H 

Cr(  0)cr(NH3)4)3 

H 


X6 


II. — Trichromic  salts  having  three  chromium  atoms  in  the  nucleus.  Series  of 
complex  acetates,  cyanoacetates,  bromo-acetates,  etc.,  were  described  by 
D.  R.  Camhi,  J.  A.  Jwanowits,  R.  F.  Weinland,  G.  Aschkinasy,  and 
R.  G.  Krasnowskaja.  In  illustration,  there  are  : 

(i)  Hexacetatodihydroxytriammines,  [Cr3(CH3COO)6(OH)2(NH3)3]X,  repre- 

sented by  the  iodide  prepared  b'y  R.  F.  Weinland  and  E.  Buttner, 
and  L.  A.  Welo. 

(ii)  Hcxacetatodihydroxylripyridines,  [Cr3Py3(CH3COO)6(OH)2]X.  These 

salts,  prepared  by  R.  F.  Weinland  and  E.  Gussmann,  and  L.  A.  Welo 
are  represented  by  (1)  hydroxystannichloride  ; (2)  chloroplatinate; 
(3)  iodide  ; (4)  nitrate  ; (5)  acetate  ; (6)  chloracetate  ; (7)  nitrata- 
cetate  ; (8)  ferricyanide  ; (9)  complex  chromichromatodichromate  ; 
and  (10)  permanganate. 

(iii)  Chromic  pentahydroxyaquodecammino-salts,  [Cr3(OH)5(NH3)10(H2O)]- 

(S203)2.wH20,  and  chromic  pentahydroxydiaquo-enneammino-salts, 
e.g.  [Cr(0H)6(NH3)9(H20)2](S203)2.3H20  of  P.  Ray  and  P.  B.  Sarkar. 
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(iv)  Hexaformatodihydroxy-salts , studied  by  L.  A.  Welo,  R.  Weinland  and 

J.  Lindner,  etc. 

(v)  Hexapropionatoliydroxyfluoro-salts,  investigated  by  R.  Weinland  and 

J.  Lindner. 

III. — Tetrachromic  salts  having  four  chromium  atoms  in  the  nucleus. 

(i)  Hexahydroxydodecammines — vide  supra,  trihydroxyaquohexammines. 

(ii)  Hexahydroxysexiesethylenediamines,  [Cr4(OH)6  en6]X6.  They  were 

studied  by  P.  Pfeiffer,  and  P.  Pfeiffer  and  W.  Vorster.  The  salts 
include  : (1)  chloride  ; (2)  bromide  ; (3)  iodide,  and  (4)  its  mercurj- 
iodide  ; (5)  sulphate  ; (6)  dithionate  ; (7)  nitrate  ; (8)  thiocyanate  ; 
and  (9)  chromate.  P.  Pfeiffer  represented  the  constitution  by  the 
formula : 


About  a dozen  and  a half  salts,  which  have  been  reported,  have  not  been  fitted  into 
A.  Werner’s  system.  When  the  salts  are  investigated  more  closely  it  may  be  possible 
to  do  something  more  with  them.  P.  T.  Cleve  reported  a chromic  tetramminosulphate, 
2Cr203.S03.4NH3.24H20  ; chromic  tetramminodinitrate,  Cr203.N205.4NH3.3H20,  chromic 
diamminonitratc,  2Cr203.N206.4NH3.nH20  ; and  ammonium  chromic  heptamminodonitrate , 
2Cr(N03)3.7NH3.2NH4N03.4JH30  ; the  chromic  diamminoxalate,  Cr203.C203.2NH3.8H20, 
and  ammonium  chromic  hexamminotrioxalate,  Cr2(C204)3.6NH3.(NH,)HCr201.l  £H20  ; and 
the  chromic  heptamminonitratooxalate,  2Cr(N03)(C204).7NH3.3H20  ; W.  R.  Lang  and 
E.  H.  Jolliffe,  chromic  quinquiesmethylaminotrichloride,  CrCl3.5CH3NH2  ; W.  R.  Lang  and 

C.  M.  Carson,  chromic  quinquiesethylaminotrichloride,  CrCl3.5C2H6NH2.H20,  and  chromic 
quaterethylamine,  CrCl3.4C2H5NH2.H20  ; and  chromic  quaterethylenediaminotrichloridc, 
CrCl3.4C2H4(NH2)2H20  ; O.  Nordensjold,  mercuric  chromic  sulphotrithiocyanatodiammine, 
Cr(SCy)3(NH3)2.6HgS ; J.  Sand  and  O.  K.  H.  Burger,  chromic  oxytetrcUhiocyanatotetram- 
mine,  Cr20(SCy)4(NH3)4 ; and  chromic  oxytetrathiocyanatotetrapyridine,  Cr20(SCy)4Py4 ; 

E.  A.  Werner,  oxalatotriamminochromic  acid,  HCr(C204)2(NH3)3.3H20  ; potassium  oxalatotri- 
amminochromaie,  KCr(C204)2(NH3)3.3H20  ; and  ammonium  oxalatotriamminochromate, 
(NH4)6Cr4(C204)6(NH3)3.14H20. 
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§ 25.  The  Complex  Salts  of  Chromic  Chloride 

S.  M.  Jorgensen  1 treated  mercuric  chromic  hexamminochloride — made  by 
adding  mercuric  cldoride  to  a hydrochloric  acid  soln.  of  chromic  hexamminonitrate 
— with  hydrogen  sulphide,  and  obtained  a liquid  from  which  yellow  crystals  of 
chromic  hexamminotrichloride,  [Cr(NH3)6]Cl3.H20,  were  obtained.  The  salt  is 
freely  soluble  in  water  ; and  when  treated  with  hydrochloric  acid,  it  forms  the 
chloropentamminodichloride,  [Cr(NH3)5Cl]Cl2.  W.  Biltz  and  E.  Birk  gave  L585 
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for  the  sp.  gr.  of  the  hexammine  at  25°/4°  and  175-8  for  the  mol.  vol.  Y.  Shibata 
measured  the  absorption  spectrum.  S.  Aoyama  and  co-workers  studied  the 
X-ray  absorption  and  constitution.  A.  Werner  and  A.  Miolati  found  that  a mol 
of  the  salt  in  v-litres  of  water  at  25°  had  the  mol.  conductivity  /x  ; 

v .125  250  500  1000  2000 

H . . 353-5  388-6  418-8  441-7  463-6  mhos. 

E.  Birk  studied  the  mol.  vol.  of  the  ammonia  in  the  ammines.  H.  J.  S.  King 
calculated  180-0  for  the  ionic  mobility  at  0°  and  370-2  at  25°.  F.  Ephraim 
and  P.  Mosimann  discussed  the  solubilities  of  the  hexammines ; ().  Stelling, 
the  X-ray  spectrum  ; and  H.  Lessheim  and  co-workers,  the  electronic  structure. 
A.  Benrath  found  that  in  the  presence  of  hydrochloric  acid  the  stable  phase  is 
[Cr(NH3)5Cl]CI2.  P.  Pfeiffer  also  prepared  chromic  trisethylenediaminotrichloride, 
[Cr  en3]Cl3,3JH20.  O.  T.  Christensen  obtained  chromic  aquopentamminotri- 
chloride,  [Cr(H20)(NH3)5]CI3,  from  a soln.  of  the  base  in  hydrochloric  acid. 
S.  M.  Jorgensen  also  prepared  this  salt.  The  orange-yellow  crystals  are  freely 
soluble  in  water.  The  dil.  aq.  soln.  is  decomposed  when  boiled,  but  the  acidified 
soln.  is  more  stable.  When  boiled  with  hydrochloric  acid,  the  chloropentammino- 
chloride  is  formed.  All  three  chlorine  atoms  are  immediately  precipitated  by  the 
addition  of  silver  nitrate.  F.  Ephraim  and  W.  Ritter  obtained  the  salt  by  the 
action  of  an  ammoniacal  soln.  of  ammonium  nitrate  on  potassium  or  ammonium 
chromic  chloride.  H.  J.  S.  King  also  prepared  this  salt ; and  he  gave  for  the 
conductivity,  /x  mhos,  of  a mol.  of  the  salt  in  v litres  at  0°  : 

v . . 32  64  128  256  512  1024 

I*  . . 169-5  186-3  197-6  218-4  232-9  247-8 

For  the  mol.  conductivity,  /x,  of  soln.  of  a mol  of  the  salt  in  v litres  of  water  at  25°, 
A.  Werner  and  A.  Miolati  gave  : 

v . . 125  250  500  1000  2000 

H . . 221-0  239-3  252-0  261-0  271-6 

Values  were  also  obtained  by  H.  J.  S.  King  who  gave  174-3  for  the  ionic  mobility 
at  0°  of  the  [Cr(NH3)5(H20)]'”-ion.  F.  Ephraim  and  W.  Ritter  found  that  the 
salt  absorbs  ammonia  at  a low  temp.,  and  the  decomposition  curve  shows  breaks 
corresponding  with  a tetrammine,  and  doubtful  breaks  for  the  hexammine  and 
diammine.  A.  Benrath  found  that  the  stable  phase  in  the  presence  of  hydrochloric 
acid  is  [Cr(NH3)5Cl]Cl2.  P.  Pfeiffer  prepared  chromic  diaquotetramminotri- 
chloride,  [Cr(H20)2(NH3)4]Cl3,  from  a hydrochloric  acid  soln.  of  chromic  hydroxy- 
aquotetramminodithionate.  ■ The  brick-red  crystalline  powder  is  soluble  in  water. 
The  cone.  aq.  soln.  gives  an  orange-red  precipitate  with  potassium  cobalticyanide 
and  a brick-red  precipitate  with  cone,  hydrochloric  or  hydrobromic  acid.  Silver 
nitrate  precipitates  all  three  chlorine  atoms.  The  salt  gradually  passed  into 
the  aquochlorotetramminodichloride.  E.  H.  Rieseufeld  and  F.  Seemann,  and 

F.  Frowein  prepared  chromic  triaquotriamminotrichloride,  | Cr(NH3)3(H20)3]Cl3, 
by  dissolving  chromic  tetroxytriammine  in  dil.  hydrochloric  acid  and  passing 
hydrogen  chloride  into  the  resulting  soln.  After  a time,  bright  red,  needle-shaped 
crystals  of  the  triaquotriamminotrichloride  separate.  If  the  hydrogen  chloride  is 
passed  in  for  too  long  a time,  the  soln.  becomes  green  in  colour,  and  crystals  of 
either  the  dichromic  or  the  grey  dichloroaquotriamminochloride,  are  obtained. 
A.  Werner  obtained  the  salt  by  dissolving  chromium  triamminotetroxide  in 
hydrochloric  acid  (1  : 4)  and  saturating  the  cold  soln.  with  hydrogen  chloride  ; he 
also  obtained  it  by  covering  a mixture  of  a gram  of  dichloroaquotriamminochloride 
and  8 c.c.  of  water  with  5 c.c.  of  pyridine,  and  adding  solid  potassium  iodide  ; the 
resulting  chromium  triamminotriaquohydroxyiodide  is  treated  with  cone,  hydro- 
chloric acid,  and  the  resulting  triamminotriaquotrichloride  is  purified  by  passing 
hydrogen  chloride  through  the  aq.  soln.  F.  Frowein  found  that  the  dichloroaquo- 
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triamminochloride  in  aq.  soln.  gradually  changes  into  the  chlorodiaquotriam- 
minodichloride  ; and  this,  in  turn,  into  the  triaquotriamminotrichloride.  The 
changes  can  be  followed  by  the  change  of  colour  of  the  soln.,  that  of  the 
monoaquo-salt  being  blue,  that  of  the  diaquo-salt  reddish-violet,  and  that  of 
the  triaquo-salt  red.  These  changes  are  more  rapid  the  more  dil.  the  soln.  The 
conductivity  of  the  monoaquo-compound  is  lowest,  that  of  the  triaquo-compound 
highest,  so  that  the  change  is  accompanied  by  a gradual  increase  in  conductivity 
of  the  soln.  No  direct  transformation  of  the  mono-  into  the  tri-aquo-salt  occurs, 
but  the  diaquo-salt  is  always  the  first  hydration  product  of  the  monoaquo-compound. 
The  measurements  agree  with  the  hypothesis  that  the  compounds  contain  no  water 
outside  the  inner  sphere,  that  is,  they  are  purely  co-ordinated  compounds.  The 
soln.  of  the  triaquo-compound  undergoes  slow  decomposition,  the  conductivity 
curve  first  showing  a maximum,  followed  by  a minimum.  Deposition  of  chromium 
hydroxide  eventually  takes  place,  but  intermediate  complex  compounds  are 
probably  first  formed.  A.  Werner  also  prepared  chromium  triamminotriaquo- 
dichloronitrate,  [Cr(H20)3(NH3)3]Cl2(N03),  and  also  chromium  triamminotriaquo- 
triperchlorate,  [Cr(H26)3(NH3)3](C104)3. 

P.  Pfeiffer  and  R.  Stern  prepared  chromic  cis-diaquobisethylenediaminotri- 
Chloride,  [Cr  en2(H20)2]Cl3.2H20,  and  P.  Pfeiffer  and  R.  Prade  obtained  the  trans- 
salt ; A.  Werner  and  J.  L.  Klein  obtained  chromic  tetraquodiamminotrichloride, 
[Cr(H20)4(NH3)2]Cl3,  from  a hydrochloric  acid  soln.  of  the  bromide.  The  pale  red, 
monoclinic  prisms  are  freely  soluble  in  water,  and  insoluble  in  alcohol.  P.  Pfeiffer, 
and  P.  Pfeiffer  and  M.  Tapuach  prepared  chromic  tetraquodipyridinotribromide, 
[CrPy2(H20)4]Br3.2H20.  The  preparation  of  chromic  hexaquotrichloride, 
[Cr(H20)6]Cl3,  by  N.  Bjerrum,  A.  Werner  and  A.  Gubser,  A.  Werner  and  R.  Huber, 
A.  Weinland  and  R.  Krebs,  R.  F.  Weinland  and  T.  Schumann,  and  P.  Pfeiffer  has 
been  previously  described. 

H.  J.  S.  King  prepared  rose-red  needles  of  chromic  hydroxypentamminochloride, 
[Cr(NH3)5(0H)]Cl2.H20,  by  dissolving  the  aquopentamminochloride  in  cone, 
ammonia,  and  precipitating  with  alcohol.  He  gave  for  the  conductivity,  p.  mho,  of 
a mol  of  the  salt  in  v litres  at  0°  and  25°  : 


V 

32 

64 

128 

256 

512 

1024 

(0°  . 

. 108-8 

119-0 

127-5 

134-9 

138-8 

147-2 

125°  . 

. 206-2 

225-7 

239-0 

253-0 

261-9 

274-6 

He  calculated  73-3  for  the  ionic  mobility  at  0°  and  131-8  at  25°.  P.  Pfeiffer 
and  R.  Stern  prepared  chromic  cis-hydroxyaquobisethylenediaminodichloride, 

[Cr  en2(H20)(0H)]Cl2.H20 ; P.  Pfeiffer,  chromic  hydroxydiaquodipyridinodi- 
chloride,  [CrPy2(H20)2(0H)]Cl2 ; and  0.  T.  Christensen,  chromic  nitritopentam- 
minodichloride,  [Cr(NH3)5(N02)]Cl2,  by  the  action  of  dil.  nitric  acid  on  the  chloride 
of  the  series.  A.  Werner  and  A.  Miolati  found  the  electrical  conductivity  of  soln. 
with  a mol  of  the  salt  in  125,  250,  500,  1000,  and  2000  litres  of  water  at  25°  to  be 
respectively  fj, =221-0,  239-3,  252-0,  261-0,  and  271-6. 

S.  M.  Jorgensen  prepared  chromic  chloropentamminodichloride,  [Cr(NH3)5CljCl2, 
by  reducing,  say,  25  grms.  of  violet  chromic  chloride  with  hydrogen  at  a red-heat, 
and  treating  the  product  with  a soln.  of  ammonium  chloride  in  cone.  aq.  ammonia. 
Air  is  then  passed  through  the  blue  liquid  until  oxidation  is  complete.  Two 
litres  of  hydrochloric  acid  are  added  and  the  mixture  is  boiled  for  a few  minutes 
when  the  salt  separates  as  a carmine-red  powder.  This  is  washed  with  a mixture 
of  hydrochloric  acid  (1  : 1),  dissolved  in  dil.  sulphuric  acid,  and  filtered  into  a 
great  excess  of  cold,  cone,  hydrochloric  acid.  The  precipitate  is  boiled  with 
hydrochloric  acid,  washed  first  with  cold  acid  and  water,  then  with  alcohol, 
and  finally  dried  in  air  at  ordinary  temp.  F.  Ephraim  and  W.  Ritter  obtained 
the  salt  by  the  action  on  potassium  or  ammonium  chromic  chloride  of  an 
ammoniacal  soln.  of  ammonium  nitrate.  O.  T.  Christensen  obtained  it  by  reducing 
a soln.  of  potassium  dichromate  with  alcohol  and  hydrochloric  acid,  and  treated 
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the  clear  liquid  in  the  absence  of  air  with  cone,  hydrochloric  acid  and  zinc.  The 
blue  liquid  was  then  digested  with  ammonium  chloride  and  cone,  ammonia,  and 
air  passed  through  the  liquor.  The  soln.  was  then  boiled  a short  time  with  cone, 
hydrochloric  acid.  0.  T.  Christensen,  and  W.  R.  Lang  and  C.  M.  Carson  also 
made  the  same  salt  by  digesting  violet  chromic  chloride  with  liquid  ammonia. 
A.  Werner  and  J.  von  Halban,  S.  M.  Jorgensen,  and  0.  T.  Christensen  also 
prepared  this  salt  by  the  action  of  hydrochloric  acid  on  eome  of  the  other  chromic 
ammines.  S.  M.  Jorgensen  described  the  salt  as  a red  crystalline  powder  consisting 
of  octahedra  of  sp.  gr.  1-687.  R.  Element  gave  1-696  for  the  sp.  gr.  and  143-7 
for  the  mol.  vol.  Y.  Shibata  measured  the  absorption  spectrum.  A.  Werner  and 
A.  Miolati  found  that  a mol  of  the  salt  in  v litres  of  water  at  25°  has  the  mol. 
conductivity,  /i  : 

v . .125  250  500  1000  2000 

ti  . . 221-7  239-0  250-5  260-2  269-9 

H.  J.  S.  King  gave  for  the  conductivity,  /x  mhos,  of  a mol.  of  the  salt  in  v litres  : 

v . . 64  128  256  512  1024 

j0°  . . 123-1  131-1  137-2  142-3  147-6 

^ 1 25°  . . 230-3  244-5  255-0  264-4  276-8 

The  ionic  mobility  at  0°  is  75-2  and  at  25°,  139-7.  E.  Rosenbohm  found  the  magnetic 
susceptibility  to  be  25-76 Xl0-6  mass  units;  and  L.  A.  Welo  gave  24-80 X 10-6. 
A.  Benrath  found  that  the  salt  is  stable  in  the  presence  of  hydrochloric  acid. 
S.  M.  Jorgensen  found  that  100  grms.  of  water  at  16°  dissolve  0-65  grm.  of  the  salt 
forming  a violet-red  soln.  which,  when  exposed  to  light,  deposits  hydrated  chromic 
oxide.  When  the  soln.  is  kept  in  the  dark,  or  boiled,  it  passes  into  the  aquochloro- 
tetramminodichloride.  When  the  aq.  soln.  is  boiled  it  forms  the  aquopentammino- 
chloride  ; boiling  soda-lye  precipitates  chromic  hydroxide.  The  rate  of  hydrolysis 
of  the  salt  was  investigated  by  A.  Werner  and  A.  Miolati,  A.  B.  Lamb  and 
J.  W.  Marden,  H.  Freundlich  and  H.  Pape,  and  H.  Freundlich  and  R.  Bartels. 
S.  M.  Jorgensen  added  that  the  aquochlorotetramminodichloride  gives  the  following 
reactions : With  sodium  hypochlorite,  nitrogen  is  evolved,  and  the  chromium  is 
oxidized  to  chromic  acid.  Its  soln.  gives  a precipitate  with  cone,  hydrochloric 
acid,  owing  to  the  insolubility  of  the  chloride  in  acid.  With  hydrobromic  acid, 
it  gives  a crystalline  precipitate  of  the  bromide,  and  with  solid  potassium  iodide 
one  of  the  iodide.  When  boiled  with  potassium  cyanide,  it  turns  yellow.  Cone, 
nitric  acid  precipitates  the  chloro-nitrate.  Hydrosilicofluoric  acid  throws  down 
the  red  crystalline  chlorofluosilicate.  Platinic  chloride  precipitates,  even  from  a 
very  dil.  soln.,  the  chloropurpureochromium  platinochloride.  Sodium  bromo- 
platinate  gives  an  analogous  precipitate.  Mercuric  chloride  gives  red  needles  of 
the  double  salt.  Precipitates  are  also  produced  by  potassium  mercuric  bromide 
and  iodide,  by  sodium  dithionate,  potassium  chromate,  and  dichromate,  ammonium 
molybdate,  and  phosphomolybdate,  and  by  picric  and  oxalic  acids.  In  these 
respects  this  salt  closely  resembles  the  analogous  cobalt  salt.  On  treatment  with 
silver  nitrate  only  two  atoms  of  chlorine  are  removed,  and  the  chloro-nitrate  is 
formed.  By  rubbing  the  solid  chloride  with  silver  oxide  and  water  the  aquo- 
chlorotetramminodichloride is  formed.  S.  M.  Jorgensen  also  prepared  the  sulphide, 
sulphate,  hydrosulphate,  dithionate,  fluosilicate,  nitrate,  bromide,  iodide,  oxalate, 
ferrocyanide,  and  chromate,  as  well  as  complex  mercury  and  platinic  halides  of  the 
chromic  chloropentammines.  F.  Ephraim  and  W.  Ritter  found  that  the  chloro- 
pentamminodichloride  does  not  absorb  ammonia  gas. 

In  1858,  E.  Fremy  obtained  a salt  which  P.  T.  Cleve  showed  to  be  chromic 
chloroaquotetramminodichloride,  [Cr(NH3)4(H20)Cl]Cl2.  It  was  prepared  by 
allowing  a sat.  soln.  of  chromium  chloride  in  aq.  ammonia  to  stand  in  a closed 
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vessel  until  the  liquid  acquired  a red  colour  ; it  was  then  exposed  to  the  air  when  it 
deposited  a dark  reddish-violet  powder.  The  soln.  of  the  salt  in  hydrochloric  acid, 
when  treated  with  an  excess  of  cone,  hydrochloric  acid,  furnished  rose-red  crystals  of 
the  aquochlorotetramminodichloride.  S.  M.  Jorgensen  obtained  the  salt  by  heating 
a cone.  aq.  soln.  of  100  grms.  of  ammonium  dichromate  with  300  c.c.  of  hydrochloric 
acid  of  sp.  gr.  1-17,  200  grms.  of  ammonium  chloride,  and  60-70  c.c.  of  alcohol, 
and  evaporating  to  dryness.  The  product  was  digested  for  24  hours  with  a litre  of 
cone,  ammonia  ; the  residue  was  dissolved  in  hydrochloric  acid,  and  treated 
anew  with  ammonia.  The  ammoniacal  soln.  was  mixed  with  4 litres  of  cone, 
hydrochloric  acid  ; the  precipitate  Was  freed  from  ammonium  chloride  by  hydro- 
chloric acid  (1  : 1).  The  mixture  was  dissolved  in  water  and  treated  with  a soln. 
of  ammonium  sulphate  (1  : 5),  and  the  precipitate  washed  with  cold  water ; and 
digested  with  hydrochloric  acid  (1:1).  S.  M.  Jorgensen  also  obtained  the  salt  as 
a by-product  in  preparing  the  oxalatotetramminonitrate.  P.  Pfeiffer  and  S.  Basci 
agitated  100  grms.  of  green  hexahydlated  chromic  chloride  with  155  c.c.  of  pyridine  ; 
and  after  adding  600  c.c.  of  water,  allowed  the  mixture  to  stand  for  7 to 
10  hrs.  Ten  grams  of  the  diaquodipyridinochloride  were  digested  with  56  c.c.  of 
25  per  cent.  aq.  ammonia  at  45°  to  48°.  The  deep  reddish-violet  soln.  was  treated 
with  68  c.c.  of  hydrochloric  acid  of  sp.  gr.  1-19.  After  standing  4 or  5 hrs.  at 
ordinary  temp.,  the  prismatic  crystals  were  separated  from  the  mother-liquor. 
P.  Pfeiffer  obtained  the  same  salt  from  the  diaquotetramminochloride  and  hydro- 
chloric acid.  The  deep  red  rhombic  crystals  are  stable  in  air,  but  not  if  exposed 
to  light.  J.  Peterson  obtained  a mol.  wt.  262  by  the  f.p.  method  when  the  theoretical 
value  is  251-5.  Y.  Shibata  measured  the  absorption  spectrum.  A.  Werner  and 

A.  Miolati  found  that  a mol  of  the  salt  in  v litres  of  water  had  the  mol.  conductivity, 
/x,  at  25°, 

V . .125  250  500  1000  2000 

fx  . 212-6  231-6  245-6  261-2  274-8 

S.  M.  Jorgensen  found  that  100  grms.  of  water  at  15°  dissolve  6-4  grms.  of  the  salt. 
The  salt  is  decomposed  when  the  soln.  in  water  or  alkali-lye  is  boiled  ; hydrochloric 
acid  precipitates  the  salt  from  the  aq.  soln.  Oxalic  acid  precipitates  from  the  soln., 
after  standing  some  weeks,  Cr2(C204)3.6NH3.3H20 ; ammonium  oxalate  precipitates 
from  the  warm  soln.  chromic  oxalate  tetramminochJoride  and  with  potassium  thio- 
cyanate, P.  Pfeiffer  and  M.  Tilgner  obtained  chromic  dithiocyanatotetramminothio- 
cyanate  ; with  pyridine  and  sodium  dithionate,  P.  Pfeiffer  obtained  chromic 
hydroxyaquotetramminodithionate.  P.  T.  Cleve  found  that  cone,  sulphuric  acid 
expels  only  two-thirds  of  the  chlorine  as  hydrochloric  acid ; and  S.  M.  Jorgensen, 
that  a nitric  acid  soln.  of  silver  nitrate  precipitates  only  two-thirds  of  the  chlorine 
as  silver  chloride.  There  are  also  the  sulphate,  sulphide,  nitrate,  fluosilicate, 
bromide,  iodide,  oxalate,  and  chromate  as  well  as  complexes  of  the  chloride  with 
the  mercuric  and  platinic  chlorides  of  the  aquochlorotetrammines.  N.  Bjerrum, 
R.  F.  Weinland  and  R.  Krebs,  R.  F.  Weinland  and  T.  Schumann,  and  A.  Recoura 
described  chromic  chloropentaquodichloride,  [Cr(H20)5Cl]Cl2 — vide  supra. 
H.  J.  S.  King  found  the  conductivity,  p mhos,  of  a mol  of  the  salt  in  v litres,  to  be  : 

v 64  128  • 256  512  1024 

< 0°  . — 134-8  142-1  146-8  151-2 

M)25°  . . 232-3  247-7  261-5  272-9  280-6 

B.  Klement  gave  1-961  for  the  sp.  gr.,  and  143-7  for  the  mol.  vol.  A.  Werner  and 
A.  Miolati  found  that  a soln.  of  a mol  of  the  salt  in  125,  250,  500,  1000,  and  2000 
litres  of  water  at  25°  had  the  mol.  conductivity  p.=235,7,  257-5,  270-6,  280-1,  and 
283-6  respectively.  P.  T.  Cleve  prepared  chromic  bromoaquotetramminodi- 
chloride,  [Cr(NH:i)4(H20)Br]Cl2,  by  the  action  of  fuming  hydrochloric  acid  on 
the  bromide.  S.  M.  Jorgensen  prepared  chromic  iodopentamminodichloride, 
[Cr(NH3)5I]Cl2,  by  the  action  of  hydrochloric  acid  on  the  iodide.  A.  Werner 
and  A.  Miolati  found  that  a mol  of  the  salt  in  125,  250,  500,  1000,  and  2000  litres 
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of  water  at  25°  had  the  mol.  conductivity  p,=273-8,  292-5,  312-1,  326-9,  and 
342-8  respectively.  The  chloroplatinate  was  also  obtained.  F.  Frowein,  and 
E.  H.  Riesenfeld  and  F.  Seeman  prepared  chromic  chlorodiaquotriamminodi- 
chloride,  [Cr(NH3)3(H20)2Cl]Cl2,  by  boiling  an  aq.  soln.  of  one  of  the  isomeric 
dichloroaquotriamminochlorides,  and  evaporating  the  liquid.  The  violet-red 
crystals  form  a red  soln.  with  water.  For  the  conductivity  and  the  action  of 
water,  vide  supra,  the  triaquotriammino trichloride.  A.  Werner  and  J.  von  Halban 
prepared  chromic  thiocyanatopentamminodichloride,  [Cr(NH3)5(SCy)]Cl2. 

F.  Frowein,  and  E.  H.  Riesenfeld  and  F.  Seeman'n  prepared  chromic  dichloro- 
aquotriamminochloride,  [Cr(NH3)3(H20)Cl2]Cl,  by  adding  cone,  hydrochloric  acid 
to  a soln.  of  chromium  triamminotetroxide  in  well-cooled,  dil.  hydrochloric  acid, 
and  allowing  the  soln.  to  stand  for  some  time.  The  reddish-violet,  dichroic  crystals 
form  a blue  soln.  with  water.  If  cone,  hydrochloric  acid  is  used  instead  of  the  dil. 
acid,  a light  green  soln.  is  obtained,  from  which  grey,  needle-shaped  crystals  of  a 
second  modification  of  the  above  chloride  separate,  which  is  scarcely  soluble  in 
cold  water,  but  dissolves  in  hot  water  to  a red  soln.  A third  modification  is  obtained 
by  heating  a hydrochloric  acid  soln.  of  the  first  chloride  for  some  time  at  60°.  The 
soln.  gradually  becomes  green  in  colour,  and  on  evaporation  in  a desiccator,  dark 
green  crystals  are  obtained  which  dissolve  in  water  to  a green  soln.  None  of 
these  three  chlorides  readily  loses  water,  which  is  therefore  probably  contained 
in  the  complex  in  all  three  salts.  In  all  probability  they  are  stereoisomerides  : 


CL  i NH,  CL  I NH, 

Eip  nk i 


cl  N\Hj  nh, 

FED 


CL 


NH3 


Ht0 


At  present  it  is  impossible  to  say  which  formula  corresponds  with  which  isomeride. 
For  the  electrical  conductivity,  and  hydrolysis,  vide  supra,  the  triaquotriammino- 
trichloride.  F.  Pintus  prepared  complexes  with  alcohol,  [Cr(C2H5.OH)3Cl3],  and 
with  thiourea,  [Cr(C3SN2H4)3Cl3]. 

A.  Werner  and  J.  L.  Klein,  and  A.  Werner  and  J.  V.  Dubsky  prepared  chromic 
dihydroxydiaquodiammiriochloride,  [Cr(0H)2(H20)2(NH3)2]Cl.H20,  by  adding 
ammonia  or  pyridine  to  a cone.  aq.  soln.  of  the  tetraquodiamminochloride  ; or  by 
treating  the  bromide  of  the  series  with  rubidium  chloride.  The  crystals  are  lilac 
or  reddish- violet.  R.  F.  Weinland  and  co-workers,  and  A.  Recoura  also  prepared 
the  corresponding  sulphate.  P.  Pfeiffer,  and  P.  Pfeiffer  and  W.  Osann  prepared 
chromic  dihydroxydiaquodipyridinochloride,  [CrPy2(H20)2(OH)2]Cl ; and  E.  Wein- 
mann,  chromic  dihydroxy diaquoethylenediaminochloride,  [Cr(H20)2en(0H)2jCl. 
A.  Werner  and  J.  L.  Klein  obtained  chromic  dichlorodiaquodiamminochloriae, 
[Cr(H20)2(NH3)2Cl2]Cl,  in  pale  green  plates  by  the  action  of  chlorine  on  a 25  per 
cent.  aq.  soln.  of  the  tetrathiocyanatodiammine.  The  salt  is  soluble  in  water  and 
with  silver  nitrate  only  one-third  of  the  chlorine  is  precipitated.  P.  Pfeiffer  and 
P.  Koch,  P.  Pfeiffer  and  W.  Stern,  P.  Pfeiffer  and  A.  Trieschmann,  and  P.  Pfeiffer 
prepared  chromic  cis-dichlorobisethylenediaminochloride,  [Cr  en2Cl2]Cl.H20, 
and  a complex  with  antimonic  and  platinic  chlorides ; P.  Pfeiffer,  and  P.  Pfeiffer  and 
P.  Koch  also  prepared  the  trans-salt — anhydrous,  monohydrate,  hydrochloride, 
and  chloroplatinate.  A.  Werner  obtained  chromic  dichloroaquotriamminochloiide, 
[Cr(NH3)3(H20)Cl2]Cl,  as  well  as  the  corresponding  iodide,  sulphate,  and  nitrate. 
P.  Pfeiffer  and  M.  Tapuach  obtained  chromic  dichlorodiaquodipyridinochloride, 
[CrPy2(H20)2Cl2]Cl,  and  a complex  with  pyridinium  chloride,  as  well  as  the  bromide, 
and  nitrate.  A.  Werner  and  A.  Gubser,  P.  Pfeiffer,  N.  Bjerrum,  and  R.  F.  Weinland 
and  K.  Feige  discussed  chromic  tetraquodichlorochloride,  [Cr(H20)4Cl2]Cl, 
previously  described.  P.  Pfeiffer  and  M.  Tilgner  prepared  chromic  dithiocyanato- 
tetramminochloride,  [Cr(NH3)4(SCy)]Cl ; P.  Pfeiffer  and  P.  Koch,  chromic  cis- 
dithiocyanatobisethylenediaminochloride,  [Cr  en2(SCv)2]Cl.H.,0,  and  also  the 
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trans-salt  ; and  P.  Pfeiffer  and  S.  Basci,  chromic  oxalatotetramminochloride, 

[Cr  (NH3)4(C204)]C1 . 

0.  T.  Christensen  prepared  chromic  hydroxydecamminopentachloride, 

[Cr2(NH3)10(OH)]Cl5.H2O,  by  treating  the  corresponding  bromide  with  hydrochloric 
acid  (1:1);  and  by  the  action  of  air  on  an  ammoniacal  soln.  of  ammonium  chloride 
and  chromic  chloride.  It  was  also  obtained  by  P.  Pfeiffer.  J.  Petersen  gave  for 
the  average  mol.  wt.  by  the  f.p.  process  308,  when  the  theoretical  value  is  469-5 ; 
and  from  the  electrical  conductivity  process,  the  molecule  furnishes  5-85  ions  in 
dil.  soln.  A complex  chloroplatinate,  and  a chloroiodide,  were  also  prepared. 
S.  M.  Jorgensen  prepared  chromic  trihydroxyaquohexamminotrichloride, 
[Cr2(0H)3(H20)(NH3)6]Cl3.H20,  as  follows : 

A soln.  of  chromous  chloride,  prepared  by  reducing  a soln.  of  potassium  dichromate 
with  zinc  and  hydrochloric  acid,  is  forced  by  hydrogen  press,  into  a vessel  containing  a 
mixture  of  700  grms.  ammonium  chloride,  and  750  c.c.  of  aq.  ammonia,  sp.  gr.  0-91.  The 
vessel,  entirely  filled  with  this  mixture,  is  closed  by  a stopper  through  which  passes  a 
delivery  tube  opening  under  water.  The  vessel  is  surrounded  by  cold  water  to  moderate 
the  reaction.  The  evolution  of  hydrogen  takes  place  slowly,  and  ceases  in  about  24  hrs. 
The  undissolved  ammonium  chloride  is  covered  with  trihydroxyaquohexamminotrichloride, 
a portion  of  which  is  also  contained  in  the  soln.  from  which  it  may  be  precipitated  by 
alcohol  ; the  precipitate  is  washed  with  alcohol,  and  dried. 

The  salt  was  also  prepared  by  P.  Pfeiffer.  J.  Petersen  found  the  mol.  wt.  340 
to  406  by  the  f.p.  method — theoretical  364-5,  and  the  electrical  conductivity 
indicated  that  3-76  ions  per  mol.  are  formed.  The  carmine-red  prisms  slowly  lose 
a mol.  of  water  over  sulphuric  acid  ; at  100°,  the  salt  gradually  decomposes  ; 100 
parts  of  water  at  18°  dissolve  9-4  grms.  of  salt ; it  is  decomposed  by  boiling  water  ; 
boiling  hydrochloric  acid  forms  aquochlorotetramminochloTide  ; cone,  hydrobromic 
acid  precipitates  the  bromide  ; Solid  potassium  iodide,  the  iodide ; dil.  sulphuric 
acid  followed  by  alcohol  precipitates  the  sulphate  ; ammonium  sulphate  gives  no 
precipitate  ; hydrofluosilicic  acid  gives  a red  precipitate  ; hydrochloroplatinic  acid, 
forms  acicular  crystals  ; hydrochloric  acid,  a reddish-brown  precipitate  ; potassium 
dichromate,  an  orange-yellow  precipitate  ; sodium  pyrophosphate,  a pale  red 
precipitate  soluble  in  excess ; sodium  hydrophosphate,  no  precipitate ; 
ammonium  thiocyanate,  rhombic  plates  ; potassium  ferrocyanide,  lilac-coloured 
precipitate  ; and  potassium  ferricyanide,  a brown  precipitate.  P.  Pfeiffer  and 
W.  Vorster  prepared  chromic  hexahydroxysexiesethylenediaminehexachloride, 
[Cr4(0H)6en6]Cl6.6H20.  M.  Z.  Jovitschitsch  prepared  chromic  dioxyhexammino- 
dichloride,  Cr4O2(NH3)6Cl2.10H2O,  by  dissolving  the  precipitate,  obtained  by 
adding  ammonia  to  a chromic  salt,  in  an  excess  of  ammonia,  and  adding  hydro- 
chloric acid,  and  then  alcohol.  The  violet-red  precipitate  is  soluble  in  water,  but 
only  after  standing  a few  hours  will  the  soln.  give  a precipitate  with  silver  nitrate. 
It  is  assumed  that  the  salt  is  constituted  : 


(NHa),=Cr.O.Cr=(NH,). 

(NH3)  2 = Cr.O.  Cr = Cl  2 2 

A.  Werner  found  that  when  chromium  triamminotetroxide,  Cr04(NH3)3,  is 
added  to  cold,  cone,  hydrochloric  acid,  a grey  or  bluish-grey  precipitate  is  formed 
— probably  a mixture  of  chromium  triamminodichloroaquochloride  and  triammino- 
trichloride — and  the  filtrate,  on  standing  for  two  days,  deposits  chromium  triam- 
minotrichloride,  Cr(NH3)3Cl3,  in  dark  blue  crystals,  tinged  with  green.  The  X-ray 
spectra  of  this  salt  and  the  corresponding  pyridine  salt  [Cr(Py)3Cl3],  were  studied 
by  O.  Stelling.  According  to  A.  Werner,  the  trichlorotriammine  is  almost  insoluble 
in  cold  water ; it  dissolves  in  hot  water  forming  a blue  soln.  which  furnishes  a 
series  of  chromium  triamminodichloroaquo-salts  when  treated  with  the  appro- 
priate reagents. 
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Thus,  chromium  triamminodichloroaquochloride,  [Cr(H20)(NH3)3Cl2lCl,  is  formed 
in  brown-leaflets  which  give  a blue  soln.  with  water.  The  salt  is  also  obtained 
by  the  action  of  cone,  hydrochloric  acid  in  the  presence  of  glacial  acetic  acid 
on  chromium  triamminotetroxide.  There  are  also  chromium  triamminodichloro- 
aquonitrate,  [Cr(H20)(NH3)3Cl2]N03  ; chromium  triamminodichloroaquosulphate, 
[Cr(H20)(NH3)2Cl2)2S04 ; chromium  triamminodichloroaquoiodide,  [Cr(H20)(NH3)2Cl2]I ; 
the  basic  iodide,  chromium  triamminotriaquodihydroxyiodide,  [Cr(H20)3(NH3)3](0H)2T, 
and  chromium  triamminotriaquotribromide,  [Cr(HaO)3(NH3)3]Br3. 

H.  I.  Schlesinger  and  R.  K.  Worner  heated  chromium  chloropentammino- 
chloride  in  air,  hydrogen,  carbon  dioxide,  or  ammonia,  and  found  that  it  furnishes 
chromium  triamminotrichloride.  Unless  the  temp,  is  carefully  controlled,  the 
reaction  proceeds  further.  The  black  substance,  reported  by  C.  E.  Ufer,  and 
H.  Schrotter,  is  formed.  If  the  pentammine  is  heated  in  a stream  of  dry  hydrogen 
chloride,  a very  rapid  reaction  occurs  at  about  270°  with  considerable  evolution  of 
heat  and  is  accompanied  by  a marked  colour  change  of  the  material  from  pink 
to  green.  If  heating  is  discontinued  at  this  point,  the  product  washed  with  cold 
water  to  which  a little  hydrochloric  acid  has  been  added,  and  then  dried  with 
alcohol  and  ether,  a very  insoluble  green  substance,  chromium  trichlorotriammine 
is  obtained.  The  triammine  differs  from  that  prepared  by  A.  Werner.  His 
compound  is  blue-green,  dissolves  fairly  readily  in  warm  water  and  especially 
easily  in  warm  dil.  hydrochloric  acid  to  give  a deep  blue  soln.  of  trichloroaquotriam- 
minochloride  ; that  of  A.  Werner  is  insoluble  in  hydrochloric  acid  or  in  water,  but 
with  the  latter  it  slowly  reacts  to  give  a pink  soln.  which  has  since  been  shown  to  con- 
tain chromic  diaquotetramminochloride.  Here  evidently  is  a case  of  isomerism  of  a 
type  not  frequently  encountered,  but  whether  it  is  stereoisomerism,  possible  according 
to  A.  Werner's  theory,  or  is  what  is  often  called  “ polymerization  isomerism,”  cannot 
be  decided  because  of  the  insolubility  of  the  compounds  in  question.  Attempts  to 
remove  some  of  the  three  remaining  molecules  of  ammonia  from  the  co-ordination 
sphere  show  the  firmness  with  which  chromium  retains  the  co-ordination  number  6. 
When  the  triammine  is  heated  to  175°  in  a stream  of  hydrogen  chloride,  ammonia 
is  not  withdrawn  from  the  compound,  but  hydrogen  chloride  is  quantitatively 
absorbed  to  give  a reddish-purple  very  hygroscopic  crystalline  material  which 
may  be  considered  to  be  ammonium  chromic  hexachloride,  (NH4)3[CrCl6].  The 
substance  is  insoluble  in  all  solvents  except  water,  with  which  it  reacts  almost 
instantly  to  produce  a deep  green  soln.  . presumably  of  hydrated  chromic  chloride. 
In  favour  of  the  argument  that  the  ammonium  compound  is  a salt  of  the  complex 
ion  [CrClg]"',  anhydrous  chromic  chloride,  alone  or  when  mixed  with  ammonium 
chloride,  reacts  with  liquid  ammonia  to  give  a mixture  of  hexammine  and  chloro- 
pentammine  chromic  chlorides  without  the  intermediate  formation  of  a soln. 
What  is  called  ammonium  chromic  hexachloride  dissolves  readily  in  liquid  ammonia 
to  give  a green  soln.  which  is  transformed  to  the  pentammine  only  after  complete 
evaporation  of  the  liquid.  Anhydrous  chromic  chloride  reacts  exceedingly  slowly 
with  dry  gaseous  ammonia  ; the  new  compound  reacts  rapidly  at  ordinary  tern]), 
to  give  the  pentammine.  Double  salts  should  possess  a colour  which  is  the  sum- 
mation of  the  colours  of  the  constituent  salts  ; the  compound  here  prepared  is 
decidedly  different  in  colour  from  any  known  form  of  chromic  chloride,  the  only 
coloured  constituent.  In  this  instance,  then,  chromium,  rather  than  changing 
its  co-ordination  number  as  the  result  of  removal  of  ammonia,  takes  up  hydrogen 
chloride,  and  the  ammonia,  although  removed  from  the  co-ordination  sphere, 
remains  in  the  molecule.  If  the  triamminotrichloride  is  treated  with  oxalic 
acid  or  an  oxalate,  ammonium  chromium  triammino  - oxalatochloride, 
(NH4)dCr2(NH3)3(C2O4)Cl10],  is  formed. 

A.  Johnsen  2 obtained  no  isomorphous  mixtures  of  ammonium  chloride  and  violet 
chromic  chloride,  but  with  green  hexahydrated  chromic  chloride,  the  ammonium 
chloride  crystals  are  coloured  green.  J.  W.  Retgers  obtained  solid  soln.  of  both 
green  and  violet  chromic  chlorides  from  aq.  soln.  N.  Larsson  prepared  ammonium 
chromium  tetrachloride,  NH4Cl.CrCl3.6H20,  or  [CrCl(H20)5]Cl2.NH4Cl.H20,  by 

VOL.  XI.  2 E 


418 


INORGANIC  AND  THEORETICAL  CHEMISTRY 


boiling  a sola,  of  a mixture  of  chromic  chloropentaquodichloride  and  ammonium 
chloride,  and  passing  hydrogen  chloride  through  the  soln.  cooled  by  a 
freezing  mixture.  G.  Neumann  prepared  ammonium  chromic  pentachloride, 
2NH4Cl.CrCl3.H20,  or  (NH4)2[CrCl5(H20)],  by  adding  ammonium  chloride  to  a 
soln.  of  chromic  chloride  in  96-97  per  cent,  alcohol,  and  passing  hydrogen  chloride 
through  the  liquid  heated  on  a water-bath  with  a reflux  condenser.  The  violet, 
hygroscopic  crystals  of  the  monohydrate  are  probably  rhombic.  They  are  decom- 
posed by  water.  A.  Werner  and  A.  Gubser  represent  this  series  of  salts  by 
[Cr(H20)Cl5](NH4)2.  R.  F.  Weinland  and  T.  Schumann  found  that  when  hydrogen 
chloride  is  passed  into,  an  ice-cold  soln.  of  equimolar  proportions  of  green  hexa- 
hydrated  chromic  chloride  and  ammonium  chloride,  green  rectangular  plates  of 
the  hexahydrate  are  formed.  The  salt  is  deliquescent,  and  turns  red  when  warmed. 
A soln.  of  the  salt  acidified  with  nitric  acid,  and  treated  with  silver  nitrate  deposits 
three-fifths  of  the  chlorine  as  silver  chloride.  Hence  the  constitution  of  the  salt 
is  taken  to  be  (NH4)2[Cr(H20)4Cl2]Cl3.2H20.  H.  I.  Schlesinger  and  R.  K.  Worner 
prepared  ammonium  chromic  hexachloride,  (NH4)3CrCl6,  ill  hygroscopic  crystals, 
by  heating  chromic ' trichlorotriammine  in  hydrogen  chloride  at  175°.  It  reacts 
with  ammonia  to  furnish  chromic  chloropentamminodichloride. 

F.  Ephraim  and  W.  Ritter  found  that  ammonia  acts  on  potassium  chromic 
aquopentachloride  forming  a greyish-violet  mass  of  chromic  hydroxypentammino- 
chloride.  This  dissolves  in  water,  and  nitric  acid  precipitates  from  the  cherry-red 
soln.,  first  chromium  nitratopentamminodinitrate,  and  then  chromic  nitrataquo- 
tetramminodinitrate  in  a 27  per  cent,  yield  ; while  hydrochloric  acid  precipitates 
from  the  cherry-red  soln.,  the  chloropentamminochloride  in  40  per  cent,  yield. 
Similar  results  were  obtained  with  the  ammonium  salt.  F.  Ephraim  and  W.  Ritter 
suggest  that  ammonium  hydroxypentachloride  is  formed  as  an  intermediate 
compound.  No  evidence  was  obtained  of  the  formation  of  ammines  of  the  double 
salts. 

A.  Werner  and  A.  Gubser 3 obtained  lithium  chromium  pentachloride, 

2LiCl.CrCl3.5H20,  that  is,  Li2[Cr(H20)Cl5].4H20,  as  in  the  case  of  the  ammonium 
salt,  by  passing  hydrogen  chloride  into  a soln.  of  5 grms.  of  lithium  chloride,  and 
17  grms.  of  hexahydrated  chromic  chloride.  The  red,  hygroscopic  powder  is  easily 
soluble  in  alcohol  forming  a green  soln.  ; with  water,  the  soln.  is  transiently  red. 
At  0°,  the  salt  gives  no  precipitate  with  silver  nitrate  when  that  salt  is  first  added. 
N.  Larsson  found  that  lithium  chloropentaquodichloride,  [CrCl(H20)5]Cl2.LiCl.ttH20, 
prepared  as  in  tne  case  of  the  ammonium  salt,  is  very  hygroscopic.  J.  J.  Berzelius 
reported  that  when  a soln.  of  sodium  dichromate,  hydrochloric  acid,  and  alcohol 
is  evaporated  on  the  water-bath,  a green  mass  of  sodium  chrotnium  tetrachloride, 
NaCrCl4,  is  formed,  and  it  becomes  violet  on  a sand-bath  ; N.  Larsson  obtained  the 
salt  sodium  chlorotetraquodichloride,  [CrCl2(H20)4]Cl2.NaCl.nH20,  as  in  the  case 
of  the  sodium  salt.  J.  J.  Berzelius  also  prepared  reddish- violet  crystals  of  potassium 
chromium  tetrachloride,  KCrCl4,  in  a similar  manner ; and  found  that  the  salt  is 
decomposed  when  the  aq.  soln.  is  evaporated.  L.  Godefroy  regarded  this  salt 
as  a mixture  of  the  pentachloride  with  chromic  chloride.  N.  Larsson  did  not 
obtain  [CrCl(H20)5]Cl2.KCl.«H20  by  the  method  employed  for  the  ammonium 
salt.  L.  Godefroy  prepared  potassium  chromium  pentachloride,  K2CrCl5.H20, 
or  K2[Cr(H20)Cl5],  by  passing  chlorine  for  5 or  6 hrs.  through  a soln.  of  300  grms. 
of  powdered  potassium  dichromate  and  700  grms.  of  alcohol ; and  G.  Neumann 
obtained  it  by  passing  hydrogen  chloride  through  a soln.  of  chromic  and  potassium 
chlorides  in  96  to  97  per  cent,  alcohol  warmed  on  a water-bath.  The  reddish,  or 
violet-red  crystalline  powder  is  stable  in  air  ; it  can  be  crystallized  by  heating  it 
with  40  per  cent,  hydrochloric  acid  in  a sealed  tube  at  120°  to  130°.  The  crystals 
are  probably  rhombic  ; very  hygroscopic  ; and  are  decomposed  by  water,  forming 
potassium  chloride  and  an  oxychloride.  For  the  action  of  ammonia,  vide  supra, 
the  ammonium  salt.  J.  J.  Berzelius  treated  sodium  chromium  tetrachloride  with 
alcohol,  and  obtained  rose-red  sodium  chromium  hexachloride,  Na3CrCl0. 
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E.  Zettnovv,  and  J.  J.  Berzelius  obtained  potassium  chromium  hexachloride, 
K3CrCl6,  in  an  analogous  manner  ; and  E.  Fremy,  found  that  when  a mixture  of 
potassium  dichromate,  mixed  with  charcoal,  is  heated  in  chlorine  gas,  chromic 
chloride  sublimes,  and  the  hexachloride  remains.  The  salt  is  soluble  in  water, 
and  at  the  same  time  is  decomposed  into  its  constituent  chlorides.  L.  Godefroy 
said  that  the  hexachloride  is  really  a mixture  of  the  pentachloride  and  potassium 
chloride. 

N.  Larsson , prepared  rubidium  chromium  tetrachloride,  RbCl.CrCl3.5H20,  or 
[CrCl(H20)5]Cl2.RbCl,  as  in  the  case  of  the  corresponding  ammonium  salt ; and 
similarly  with  caesium  chromium  tetrachloride,  CsCl.CrCl3.5H20,  or  [CrCl(H20)5]Cl2. 
CsCl.  G.  Neumann  prepared  rubidium  chromium  pentachloride,  Rb2CrCl5.H20, 
or  Rb2[Cr(H20)CI5],  by  the  method  employed  for  the  potassium  salt ; and 
A.  Werner  and  A.  Gubser,  by  passing  hydrogen  chloride  into  a soln.  of  the  con- 
stituent chlorides.  The  monohydrate  furnishes  reddish-violet  crystals,  sparingly 
soluble  in  cold  water  ; and  readily  soluble  in  hot  water  forming  a green  soln.  By 
working  with  the  soln.  at  0°,  A.  Werner  and  A.  Gubser  obtained  the  octokydrate, 
[(ClRb.Cl)2Cr(H402)4]Cl,  in  green,  prismatic  crystals,  which  lose  water  when 
confined  over  sulphuric  acid,  and  deliquesce  with  decomposition  in  air.  Only 
three-fifths  of  the  chlorine  is  at  first  precipitated  by  silver  nitrate.  N.  Larsson 
prepared  the  compound  [CrCl2(H402]C1.2RbCl  from  a soln.  of  chromic  dichloro- 
aquochloride  and  rubidium  chloride,  cooled  with  a freezing  mixture,  and  treated 
with  hydrogen  chloride.  It  is  stable  in  air  ; alcohol  extracts  chromic  chloride  ; 
at  85°  it  forms  Rb2[CrCl5(H20)].  H.  L.  Wells  and  B.  B.  Boltwood  prepared  caesium 
chromium  pentachloride,  Cs2CrCl5.H20,  or  Cs2Cr(H20)Cl5,.  by  passing  hydrogen 
chloride  into  a warm  soln.  of  the  component  chlorides.  The  monohydrate  forms 
violet  crystals  which  are  stable  in  air,  and  do  not  lose  water  at  160°.  They  dissolve 
slowly  in  water  forming  a green  soln.  which,  on  evaporation,  yields  crystals  of 
the  telrahydrate  which  A.  Werner  and  A.  Gubser  represent  by  the  formula 
(ClCsCl)2Cr(H20)4Cl,  because  only  three-fifths  of  the  chlorine  is  at  first  precipitated 
by  silver  nitrate.  This  subject  was  discussed  by  R.  F.  Weinland  and  A.  Koch. 
H.  St.  C.  Deville  obtained  green  crystals  by  fusing  a mixture  of  chromic  and  sodium 
chlorides. 

S.  M.  Jorgensen  prepared  chromic  hydroxydecamminotrichlorodichloraurate, 

[Cr2(OH)(NH3)10]Cl3(AuCl4)2,  in  reddish-yellow  needles  by  treating  a soln.  of 
[Cr2(OH)(NH3)10]Cl5.H2O  with  an  aq.  soln.  of  chlorauric  acid.  It  loses  its  water 
of  crystallization  at  100°  ; and  the  salt  is  sparingly  soluble  in  water.  S.  M.  Jorgensen 
also  prepared  reddish-brown  needles  of  chromic  trihydroxyaquohexamminochloro- 
dichloraurate,  [Cr(0H)3(H20)(NH3)6]Cl(AuCl4)2,  from  [Cr2(0H)3(H20)(NH3)6]Cl3. 
H20,  in  an  analogous  manner.  It  loses  a mol  of  water  over  sulphuric  acid. 

G.  Neumann  obtained  beryllium  chromium  pentachloride,  BeCrCl5.H20,  by  the 
method  used  in  connection  with  the  analogous-  potassium  salt.  He  prepared  magne- 
sium chromium  pentachloride,  MgCrCl5.H20,  in  a similar  way.  S.  M.  Jorgensen  pre- 
pared the  complex  chromic  hexamminotrichloromercurichloride,  [Cr(NII3)6]CI3. 
HgClo.  According  to  0.  T.  Christensen,  when  a cone.  aq.  soln.  of  aquopentammino- 
trichloride  is  treated  with  mercuric  chloride,  yellowish-red,  sparingly  soluble  chromic 
aquopentamminotrichlorotrismercurichloride,  [Cr(NH3)5(H20)|CI3(HgCl2)3.H20, 
is  formed.  He  also  prepared  yellowish-red  needles  of  chromic  nitritopentam- 
minodichlorobismercurichloride,  [Cr(NH3)5(N02)]Cl2(HgCl2)2.  S.  M.  Jorgensen 
similarly  obtained  chromic  chloropentamminodichlorotrismercurichloride, 
[Cr(NH3)5Cl]Cl2(HgCl2)3,  in  rose-red  needles  ; and  P.  T.  Cleve,  chromic  aquochloro- 
tetramminodichlorotrismercurichloride,  [Cr(NH3)4(H20)Cl]Cl2(HgCl2)3,  in  rose-red 
plates.  G.  Neumann  prepared  thallous  chromium  hexachloride,  Tl3CrCl3,  in 
hygroscopic,  violet  crystals,  by  the  process  used  for  potassium  chromium  penta- 
chloride. R.  F.  Weinland  and  E.  Gussmann  prepared  chromic  hexacetatohydroxy- 
aquotripyridinochlorostannate,  [Cr3(CH3C00)6Py3(H20)(H0)]SnCl6.7H20,  in  pale 
grey  needle-like  crystals,  from  the  acetate  of  the  series  and  sodium  chlorostannate. 
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P.  Pfeiffer  and  M.  Tapuach  prepared  chromic  cis-dichlorobisethylenediamino- 
chloroantimonate,  [Cr  er^CySbClg,  from  the  chloride  of  the  series  and  a 
hydrochloric  acid  soln.  of  antimony  pentachloride. 
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§ 26.  Chromium  Bromides  and  Oxybromides 

A.  Moberg  1 observed  the  formation  of  a dark  green  mixture  when  chromous 
chloride  is  treated  with  potassium  bromide  ; but  the  product  was  not  examined. 
F.  Wohler,  M.  Bauck,  and  H.  Moissan  observed  that  chromous  bromide,  or 
chromium  dibromide,  CrBr2,  is  formed  by  passing  hydrogen  over  heated  chromic 
bromide  ; and  H.  Moissan  also  obtained  it  by  the  action  of  dry  hydrogen  bromide 
on  chromium  at  a high  temp.  ; and  by  passing  a mixture  of  bromine  vapour  and 
nitrogen  over  an  excess  of  chromium  at  a red-heat.  An  aq.  soln.  of  chromous 
bromide  is  formed  by  reducing  a soln.  of  chromic  bromide  with  zinc  and  hydro- 
bromic  acid.  W.  Biltz  and  E.  Birk  gave  4-356  for  the  sp.  gr.  at  25°/4°.  According 
to  A.  Moberg,  H.  Moissan,  F.  Wohler,  and  M.  Bauck,  white,  crystalline  chromous 
bromide  readily  fuses  to  a yellow  liquid  ; it  forms  a blue  soln.  with  water,  and  the 
soln.  quickly  absorbs  oxygen.  The  salt  rapidly  deliquesces  in  air  forming  green 
chromic  bromide.  The  salt  is  soluble  in  alcohol.  The  presence  of  a trace  of 
chromous  bromide  will  bring  anhydrous  chromic  chloride,  bromide,  or  iodide  into 
soln. — vide  supra,  chromic  chloride.  W.  Biltz  and  E.  Birk  gave  1-714  for  the 
sp.  gr.  of  chromous  hexamminobromide,  CrBr2.6NH3,  at  25°/4°.  W.  Traubc  and 
W.  Passarge  found  that  with  hydrazine,  chromous  bromide  forms  chromous 
dihydrazinobromide,  CrBr2.2N2H4. 

A.  J.  Balard  obtained  a soln.  of  chromic  bromide,  CrBr3,  by  the  action  of 
bromine-water  on  -the  green  hydrated  chromic  oxide,  and  the  filtrate,  when  con- 
centrated by  evaporation,  deposits  green  crystals — presumably  the  hydrate  ( q.v .). 
C.  Lowig  found  that  if  lead  chromate  be  boiled  with  hydrobromic  acid,  a dark  green 
soln.  is  obtained  ; he  could  not  get  the  cone.  soln.  to  crystallize,  and  he  obtained 
a yellowish-red  powder  on  evaporation.  J.  J.  Berzelius  used  silver  chromate  in 
place  of  the  lead  salt.  J.  B.  Berthemot  obtained  a soln.  of  the  salt  by  the  action  of 
hydrobromic  acid  on  chromic  acid,  in  which  case  bromine  is  evolved ; he  found  that 
the  green  aq.  soln.  of  chromic  bromide  turns  brown  on  evaporation,  and  crystallizes 
with  difficulty  ; if  further  evaporated,  the  residue  evolves  hydrobromic  acid.  He 
jjrepared  the  anhydrous  bromide  by  the  action  of  bromine  vapour  on  heated 
chromium — the  combination  is  attended  incandescence  ; H.  Moissan  obtained  it 
in  an  analogous  way.  F.  Wohler,  and  M.  Bauck  prepared  it,  as  in  the  analogous 
case  of  chromic  chloride,  by  the  action  of  bromine  vapour  on  a heated  mixture 
of  chromic  oxide  and  carbon.  F.  Bourion  prepared  the  bromide  by  passing  the 
vapour  of  sulphur  monochloride  in  a slow  current  of  hydrogen  bromide  over  chromic 
oxide  at  135°,  and  finishing  off  with  hydrogen  bromide  alone.  The  black  plates  or 
scaly  crystals  of  chromic  bromide  appear  olive-green  by  reflected  light,  and  there 
is  a pleochroic  red  colour  as  well.  The  powder  is  yellowish-green.  W.  Biltz  and 
E.  Birk  gave  4-250  for  the  sp.  gr.  at  25°/4°.  According  to  F.  Wohler,  M.  Bauck, 
and  F.  Bourion,  when  the  anhydrous  tribromide  is  heated  in  air,  chromic  oxide  is 
formed  ; in  hydrogen,  chromous  bromide.  The  anhydrous  salt  appears  to  be 
insoluble  in  water,  but  it  forms  a green  aq.  soln.  if  a trace  of  chromous  bromide  be 
present.  Chromic  bromide  deliquesces  when  exposed  on  tin- foil  forming  a green 
soln.  The  salt  is  soluble  in  boiling  water ; alkali-lye  decomposes  it  more  easily 
than  is  the  case  with  the  chloride. 

L.  Varenne  reported  crystals  of  the  octohydrate,  CrBr3.8H20,  to  be  formed  by 
treating  a cold,  cone.  soln.  of  potassium  or  ammonium  trichromate  with  dil.  hydro- 
bromic acid,  and  allowing  the  liquor  to  stand  at  0°.  The  violet  crystals  are  a 
combination  of  the  cube  and  octahedron.  The  salt  loses  water  at  110°  and  becomes 
green  ; at  200°,  in  air,  it  forms  an  oxybromide,  and  finally  chromic  oxide.  A.  Werner 
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and  A.  Gubser  could  not  confirm  these  results.  Chromic  bromide  furnishes  a 
hex  ah  y (Irate  which  occurs  in  two  isomeric  forms — green,  and  violet.  The  facts  in 
connection  with  the  isomeric  hexahydrates  of  chromic  chloride  are  applicable  to 
the  bromide.  The  green  hexahydrate  is  considered  to  he  chromic  dibromohexaquo- 
bromide,  [(H20.Br)2Cr(H20)4]Br,  or  [Cr(H20)4Br2]Br.2H20.  A.  Recoura  obtained 
it  by  evaporating  a sat.  soln.  of  chromic  oxide  with  a large  excess  of  hydrobromic 
acid  ; and  A.  Werner  and  A.  Gubser  recommended  passing  hydrogen  bromide  over 
the  evaporating  soln.  The  green,  hygroscopic  crystals  are  acicular  or  tabular, 
which  have,  according  to  R.  F.  Weinland  and  A.  Koch,  the  same  optical  properties 
as  the  green  chloride,  but  it  is  rather  stronger  yellow  tinge.  A.  Byk  and  H.  Jaffe 
studied  the  violet  and  ultra-violet  absorption  spectrum  of  aq.  soln.  C.  S.  Garrett 
examined  the  effect  of  the  chlorides  of  lithium,  potassium,  calcium,  zinc,  mercury, 
and  aluminium  on  the  mol.  extinction  of  soln.  of  chromic  bromide  after  standing 
3 days,  and  3|  months.  The  results  are  said  to  make  it  appear  as  if  the  water 
mols.  play  an  initial  part  in  changing  the  complex  to  the  simple  configuration,  and 
that  following  this  a second  reaction  sets  in  tending  again  to  the  formation  of  com- 
plexes owing  to  the  presence  of  the  colourless  haloids  in  the  soln.  When,  however, 
the  colourless  haloids  have  decidedly  dehydrating  properties,  the  hydration  on 
dilution  is  initially  inhibited,  although  the  final  point  reached,  when  an  excess 
of  water  mols.  is  present,  is  independent  of  the  hygroscopic  properties  of  the  colour- 
less haloid.  N.  Bjerrum  found  that  the  electrical  conductivity  of  a freshly  prepared 
soln.  of  a mol  of  the  salt  in  625  litres  of  water  is  70  to  80  mhos  at  0°,  and  265-1  mhos 
at  25°.  It  forms  only  two  ions,  [Cr(OH)4Br2]'  and  Br'.  This  is  in  agreement  with 
the  observation  that  only  one-third  of  the  bromine  is  at  once  precipitated  on 
adding  silver  nitrate.  E.  Rosenbohm  gave  for  the  magnetic  susceptibility, 
13-96  XlO-6  mass  units.  A.  Werner  and  A.  Gubser  found  that  the  transformation 
of  the  green  into  the  violet  soln.  is  faster  than  is  the  case  with  the  chloride. 
A.  Recoura  found  that  the  salt  is  very  soluble  in  water,  and  that  the  heat  of  soln. 
is  0-68  Cal.  The  aq.  soln.  reacts  acid,  and  has  a sweet  taste.  The  salt  is  easily 
soluble  in  alcohol,  and  insoluble  in  ether.  I.  Koppel  described  a brown  alcoholate, 
CrBr3.3C2H5OH,  or  [Cr(C2H5OH)3Br3],  analogous  to  the  red  chloride  ; and 
P.  Pfeiffer,  the  complex  with  pyridinium  chloride,  [Cr(H20)3Br3].2PyHBr.  A.  Werner 
and  A.  Gubser  found  that  it  is  soluble  in  acetone,  and  precipitated  by  ether. 
N.  Bjerrum  said  that  it  is  soluble  in  fuming  hydrobromic  acid,  but  insoluble  in  a 
mixture  of  ether  and  this  fuming  acid.  J.  M.  Ordway  found  that  the  aq.  soln.  of 
a mol  of  the  salt  dissolves  2 mols  of  the  hydrated  oxide. 

The  blue,  greyish-blue,  or  violet  hexahydrate  is  symbolized,  as  in  the  case  of 
the  corresponding  hydrate  of  chromic  chloride,  by  [Cr(H20)6]Br3,  that  is,  chromic 
hexaquotribromide.  A.  Recoura  prepared  it  by  passing  hydrogen  bromide  into  a 
boiling,  cone.  soln.  of  the  green  hexahydrate.  The  soln.  becomes  brown,  and  as  it 
cools,  it  deposits  the  violet  salt.  A.  Werner  and  A.  Gubser,  and  R.  F.  Weinland 
and  A.  Koch  dissolved  the  product  in  a little  water,  and  again  passed  hydrogen 
bromide  into  the  soln.  cooled  below  zero.  G.  0.  Higley  obtained  the  violet  hexa- 
hydrate by  saturating  with  hydrogen  bromide  a soln.  of  5 grms.  of  the  violet  sulphate 
in  20  c.c.  of  water  at  10°.  The  greyish-blue  or  violet  powder  was  found  by 
R.  F.  Weinland  and  A.  Koch  to  have  the  same  crystal  form  as  the  corresponding 
chloride.  The  violet  and  ultra-violet  absorption  spectra  of  the  soln.  were  examined 
by  A.  Byk  and  H.  Jaffe.  The  crystals  are  hygroscopic,  and  have  a sweet  taste. 
A.  Recoura  found  that  it  dissolves  in  water  with  the  development  of  14-35  Cals. 
At  100°,  it  passes  into  the  green  isomer,  and  the  heat  of  transformation  from  the 
green  solid  to  the  blue  isomer  is  — 2-17  Cals.  The  heat  of  the  reaction  CrBr3vioiet  soln. 
+3NaOHiU|.=3NaClso]n.+Cr(OH)3  is  21-6  Cals.  The  phenomena  associated  with 
the  conversion  of  the  green  into  the  blue  soln.  resemble  those  in  the  analogous 
conversion  with  the  chloride  The  rate  of  conversion  is  much  greater  with 

the  bromide  than  with  the  chloride.  Thus,  the  molar  conductivity,  p mhos,  of  a 
O008d/-soln.,  with  time  is : 
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jo  ( Time 
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25o  (Time 
l ft  . 


0 

2 

8 

25 

70 

110 

160  min. 

76-7 

77-2 

94-5 

111-1 

125-8 

136-3 

156-1  mhos. 

0 

2 

5 

10 

20 

30 

50  min. 

265- 1 

288-5 

300-7 

319-9 

322-4 

325-1 

325-1  mhos. 

The  transformation  to  a state  of  equilibrium  is  thus  completed  in  30  min.  at  25°, 
but  not  in  160  min.  at  1°.  A.  Recoura  gave  11*5  Cals,  for  the  complete  transfor- 
mation of  a mol  of  the  green  salt  in  soln.  In  the  cold  in  dil.  soln.  the  violet  form  is 
favoured,  while' an  increase  of  temp.,  concentration,  or  the  presence  of  hydrobromic 
acid  favours  the  green.  Unlike  the  case  of  the  chlorides,  N.  Bjerrum  found  that  the 
violet  isomer  occupies  the  greater  vol.  A.  Recoura  noticed  that  in  concentrating 
a violet  soln.  of  the  bromide,  the  violet  isomer  first  separates  out,  while  with  a 
violet  soln.  of  the  chloride,  the  dark  green  form  appears.  A.  Werner  and  A.  Gubser 
found  the  mol.  conductivity  of  the  violet  soln.  with  a mol  of  the  salt  in  v litres  at 
0°  is  ytx=173  mhos  when  v=125  at  0°,  and  at  25°,  when  v=125,  250,  500,  and  1000, 
/u=329-5,  360-3,  391-2,  and  431-6  mhos  respectively.  The  results  indicate  that  a 
mol.  of  the  salt  forms  four  ions  when  dissolved  in  water,  viz.,  [Cr(H2O)0]"’  and  3Br', 
and  is  in  agreement  with  the  fact  that  all  the  bromine  is  at  once  precipitated  by 
silver  nitrate.  The  results  are  summarized  by  the  formula  [Cr(H2O)0lBr3. 
A.  Recoura  said  that  the  salt  is  insoluble  in  alcohol,  A.  Werner  and  A.  Gubser  said 
that  it  is  soluble  in  acetone,  and  insoluble  in  ether.  The  hydrated  chromic  hydroxide 
precipitated  by  alkali-lye  dissolves  in  acid  forming  the  violet  soln.  E.  Hein  and 
co-workers  studied  some  complexes  with  organic  radicles. 

S.  M.  Jorgensen  2 found  that  when  a soln.  of  the  hexamminonitrate  is  treated 
with  cone,  hydrobromic  acid,  and  the  precipitate  is  washed  "with  dil.  hydrobromic 
acid  and  then  with  alcohol,  there  is  formed  orange- 
yellow,  rhombic  plates  of  chromic  hexamminobromide, 

[Cr(NH3)0]Br3.  F.  Pintus  also  prepared  this  salt. 

W.  Biltz  and  E.  Birk  found  the  sp.  gr.  to  be  2-151  at 
25°/4°,  and  the  mol.  vol.  183-2.  J.  Petersen,  and 
P.  Pfeiffer  found  the  mol.  wt.  by  the  cryoscopic  method 
and  the  mol.  conductivity  corresponds  with  the  forma- 
tion of  four  ions.  H.  J.  S.  King  gave  for  the  con- 
ductivity,^ mhos,  of  a mol  .of  the  salt  in  v litres  at  25°, 
fj,= 355-5  for  t’=64  ; 391  fora=391-l  ; and  jU.=423-3 

for  a=256.  It  also  forms  a complex  bromoplatinate. 

F.  Ephraim  and  W.  Ritter  found  that  no  ammonia  is 
absorbed  by  the  hexamminotribromide  at  room  temp., 
but  when  cooled  by  a freezing  mixture  ammonia  gas  is 
absorbed,  and  the  decomposition  curve  of  the  ammine 
of  the  hexamminotribromide  is  that  represented  by 
Fig.  78,  and  it  shows  that  a triammine  and  monammine  are  formed.  P.  Pfeiffer, 
and  F.  Pintus  obtained  the  corresponding  chromic  trisethylenediaminotribromide, 
[Cr  en3]Br3.«H20 ; P.  Pfeiffer  and  H.  Pietsch,  chromic  bisethylenediaminopro- 
pylenediamincitribromide,  [Cr  en2pn]Br3.3H20  ; and  F.  Pintus,  chromium  tri- 
pyridinotribromide,  [CrPy3]Br3.  H.  Farl  studied  the  complexes  with  pyridine  and 
chromic  dichloroethylate.  A.  Benrath  found  that  in  the  presence  of  hydrobromic 
acid,  [Cr(NH3)5Br]Br2,  and  [Cr(NH3)5(H20)  ]Br3  are  formed.  O.  T.  Christensen  pre- 
pared chromic  aquopentamminotribromide,  [Cr(NH3)5(H20)]Br3,  from  an  aq.  soln. 
of  the  hydroxide  and  hydrobromic  acid  (1:3).  The  yellow  crystalline  powder  is 
soluble  in  water,  and  loses  a mol.  of  water  at  110°.  H.  J.  S.  King  also  prepared  this 
salt.  F.  Ephraim  and  W.  Ritter  found  that  the  salt  absorbs  ammonia  in  the  cold, 
and  that  the  decomposition  curve  of  the  product  shows  the  existence  of  an 
octammine  and  a tetrammine.  A.  Benrath  found  that  the  stable  phase  in  the  j^re- 
sence  of  hydrobromic  acid  is  [Cr(NH3)5Br]Br2.  P.  Pfeiffer  treated  chromic  hydroxy- 
aquotetramminodithionate  with  cone,  hydrobromic  acid,  and  obtained  a brick-red 
crystalline  powder  of  chromic  diaquotetramminotribromide,  [Cr(NH3)4(H20)2]Br3. 


Fig.  78. — Dissociation  of 
the  Ammine  of  Chromic 
Hexamminotribromide . 
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P.  Pfeiffer  and  R.  Stem  prepared  chromic  cis-diaquobisethylenediaminotribromide, 

[Cr  en2(H20)2]Br3.2H20  ; and  P.  Pfeiffer  and  R.  Prade  obtained  the  trans-salt. 
A.  Werner  prepared  chromic  triaquotriamminotribromide,  [Cr(H20)3(NH3)3]Br3, 
by  the  action  of  hydrobromic  acid  on  the  hydroxyaquotriamminoiodide ; 
and  A.  Werner  and  J.  L.  Klein,  chromic  tetraquodiamminotribromide, 
[Cr(NH3)2(H20)4]Br3,  by  the  action  of  hydrobromic  acid  on  the  dihydroxydiaquo- 
diamminobromide  ; P.  Pfeiffer,  and  P.  Pfeiffer  and  M.  Tapuach  also  obtained 
chromic  tetraquodipyridinotribromide,  [CrPy2(H20)4]Br3.2H20. 

H.  J.  S.  King  prepared  chromic  hydroxypentamminobromide,  [Cr(NH3)5- 
(0H)]C12.|H20,  as  in  the  case  of  the  corresponding  chloride.  F.  Ephraim  and 
W.  Ritter  found  that  the  salt  absorbs  ammonia  in  the  cold  but  the  decomposition 
curve  shows  no  signs  of  the  formation  of  a definite  ammine.  P.  Pfeiffer  prepared 
chromic  hydroxyaquotetramminodibromide,  [CT(NH3)4(H20)(H0)]Br2,  by  adding 
pyridine  to  a cone.  soln.  of  the  diaquotetramminodibromide.  P.  Pfeiffer,  and 
P.  Pfeiffer  and  R.  Stern  prepared  chromic  cis-hydroxyaquobisethylenediaminodi- 
bromide,  [Cr  en2(H20)(H0)]Br2.H20,  or  [Cr  en2(H402)(H0)]Br2  ; and  P.  Pfeiffer 
and  R.  Prade  prepared  the  trans-salt.  0.  T.  Christensen  obtained  chromic  nitrito- 
pentamminodibromide,  [Cr(NH3)5(N02)]Br2,  by  the  action  of  potassium  or 
ammonium  bromide  on  the  chloride  of  the  series.  S.  M.  Jorgensen  obtained 
carmine-red  octahedral  crystals  of  chromic  chloropentamminodibromide, 
[Cr(NH3)5Cl]Br2,  by  the  action  of  hydrobromic  acid  on  the  chloride  of  the  series  ; 
he  also  obtained  a complex  with  mercuric  bromide.  R.  Element  gave 
2-129  for  the  sp.  gr.,  and  156-2  for  the  mol.  vol.  of  the  dibromide. 
S.  M.  Jorgensen,  and  P.  T.  Cleve  prepared  chromic  chloroaquotetramminodi- 
bromide,  [Cr(NH3)4(H20)Cl]Br2,  by  the  action  of  hydrobromic  acid  on  the  chloride 
of  the  series.  R.  Werner  and  A.  Miolati  found  the  electrical  conductivity  of  a mol 
of  the  salt  in  v litres  of  water  at  25°  to  be  : 

v . .125  250  500  1000  2000 

fi  . . 220-7  236-8  251-1  264-8  290-9 

S.  M.  Jorgensen,  and  0.  T.  Christensen  prepared  chromic  bromopentammino- 
dibromide,  [Cr(NH3)5Br]Br2,  by  the  action  of  hydrobromic  acid  on  the  product 
of  the  action  of  silver  oxide  on  the  chloropentamminodichloride.  R.  Element 
gave  2-382  for  the  sp.  gr.,  and  158-2  for  the  mol.  vol.  It  forms  a complex  chloro- 
platinate.  The  nitrate,  chloride,  and  chromate  of  the  series  Cr(NH3)5BrX2  were 
also  obtained.  F.  Ephraim  and  W.  Ritter  found  that  the  salt  absorbs  no  ammonia. 
A.  Benrath  found  that  the  salt  is  stable  in  the  presence  of  hydrobromic  acid. 
R.  Element  gave  1-961  for  the  sp.  gr.  and  146-9  for  the  mol.  vol.  of  chromic 
bromopentamminodichloride,  [Cr(NH3)5Br]Cl2.  H.  Freundlich  and  R.  Bartels 
studied  the  hydrolysis  of  the  salt  [Cr(NH3)5Br] '+H20=Br/-f-[Cr(NH3)5(H20)]”’. 
P.  T.  Cleve,  and  P.  Pfeiffer  and  S.  Basci  prepared  chromic  bromoaquotetrammino- 
dibromide,  [Cr(NH3)4(H20)Br]Br2,  by  the  action  of  hydrobromic  acid  on  an 
ammoniacal  soln.  of  ammonium  bromide  and  chromic  hydroxide.  The  chloride 
and  sulphate  of  the  series  were  also  prepared.  A.  Werner  obtained  chromic  bromo- 
diaquotriamminodichloride,  [Cr(NH3)3(H20)2Br]Cl2  ; and  also  chromic  bromodi- 
aquotriamminodibromide,  [Cr(NH3)3(H20)2Br]Br2  ; as  well  as  the  corresponding 
sulphate.  P.  Pfeiffer  and  R.  Stern,  and  P.  Pfeiffer  and  T.  G.  Lando  obtained 
chromic  bromoaquobisethylenediaminodibromide,  [Cr  en2(H20)Br]Br2.H20. 
A.  Werner  and  J.  von  Halban  prepared  dark  orange  crystals  of  chromic  thio- 
cyanatopentamminodibromide,  [Cr(NH3)5(SCy)]Br2 ; H.  I.  Schlesinger  and 
D.  N.  Rickies  also  prepared  chromium  cis-dibromotetramminochloride, 
[Cr(NH3)4Br2]Cl,  by  the  action  of  boiling  hydrobromic  acid  on  chromium  tri- 
amminochloroxalate,  [Cr(NH3)3Cl(C204)].  They  also  prepared  the  corresponding 
chromium  cis-dibromotetramminobromide,  [Cr(NH3)4Br2]Br,  chromium  cis- 
dibromotetramminoiodide,  [Cr(NH3)4Br2]I,  etc.  They  also  prepared  chromium 
trans-dibromotetramminobromide,  [Co(NH3)3Br2]Br,  by  the  action  of  hot  hydro- 
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bromic  acid  on  chromium  triamminobromide.  A.  Werner  and  J.  L.  Klein 
obtained  lilac-coloured  crystals  of  chromic  dihydroxydiaquodiamminobromide, 
[Cr(NH3)2(H20)2(0H)2]Br.H20;  by  the  action  of  pyridine  on  a soln.  of  dibromodi- 
aquodiamminobromide  ; and  E.  Weinmann,  on  chromic  dihydroxydiaquoethylene- 
diaminoiodide,  [Cr(H20)2  en(OH)2]I.  P.  Pfeiffer  and  W.  Osann  prepared  chromic 
dihydroxydiaquodipyridinobromide,  [CrPy2(H20)2(0H)2lBr.  P.  Pfeiffer  and 
T.  G.  Lando,  and  A.  Werner  prepared  chromic  cis-dichlorobisethylenediamino- 
bromide,  [Cr  en2Cl2]Br.H20,  A.  Werner,  and  P.  Pfeiffer  and  P.  Koch  obtained  the 
trans-salt ; P.  Pfeiffer  and  M.  Tapuach,  chromic  dichlorodiaquodipyridinobromide, 
[CrPy2(H20)2Cl2]Br.3H20 ; P.  Pfeiffer  and  A.  Trieschmann,  chromic  cis- 
dibromobisethylenediaminobromide,  [Cr  en2Br2]Br.H20,  as  well  as  the  corre- 
sponding iodide,  and  dithionate.  The  trans-salt  was  also  obtained  as  well  as  the 
corresponding  iodide,  nitrate,  iodide,  and  thiocyanate.  E.  H.  Riesenfeld  and 
F.  Seemann,  and  S.  Guralsky  prepared  chromic  dibromoaquotriamminobromide, 
[Cr(NH3)3(H20)Br2]Br,  as  well  as  the  corresponding  iodide,  sulphate,  nitrate,  and 
thiocyanate.  Y.  Shibata  measured  the  absorption  spectrum  of  the  bromide. 
N.  Bjerrum  found  that  chromic  dibromotetraquochloride,  [Cr(H20)4Br2]C1.2H20, 
is  precipitated  when  a cold  soln.  of  chromic  dibromotetraquobromide  in  dil.  hydro- 
chloric acid  is  sat.  with  hydrogen  chloride.  Its  constitution  is  deduced  from  its 
method  of  formation,  its  colour,  which  resembles  that  of  the  dibromobromide, 
and  from  the  ease  with  which  the  halogen  in  the  metallic  complex  is  brought  into 
the  ionized  state  by  soln.  in  water  or  nitric  acid.  He  also  prepared  chromic 
dichlorotetraquobromide,  [Cr(H20)4Cl2]Br,  in  a similar  manner,  as  an  unstable, 
green,  crystalline  powder  ; titration  by  silver  nitrate  shows  that  only  one  halogen 
atom  is  in  the  ionized  state  in  soln.  A.  Werner  and  J.  V.  Dubsky,  and  A.  Werner 
and  J.  L.  Klein  prepared  chromic  dibromodiaquodiamminobromide, 
[Cr(NH3)2(H20)2Br2]Br  ; and  P.  Pfeiffer  and  M.  Tapuach,  chromic  dibromodi- 
aquodipyridinobromide,  [CrPy2(H20)2Br2]Br.4H20,  as  well  as  the  corresponding 
nitrate,  and  iodide.  P.  Pfeiffer  and  M.  Tilgner  obtained  chromic  dithiocyanato- 
tetramminobromide,  [Cr(NH3)4(SCy)2]Br ; P.  Pfeiffer  and  P.  Koch,  chromic 
dithiocyanatobisethylenediammobromide,  [Cr  en2(SCy)2]Br.H20,  and  P.  Pfeiffer 
obtained  the  trans-salt ; P.  Pfeiffer,  chromic  oxalatotetramminobromide, 
[Cr(NH4)4(C204)]Br.|H20  ; H.  Schwarz,  P.  Pfeiffer  and  A.  Trieschmann,  chromic 
oxalatobisethylenediaminobromide,  [Cr  en2(C204)]Br.H20. 

H.  I.  Schlesinger  and  D.  N.  Rickies  prepared  chromic  triamminotribromide, 
[Cr(NH3)3Br3],  chromic  triamminochlorodibromide,  [Cr(NH3)3Br2ClJ,  and  chromic 
triamminodichlorobromide,  [Cr(NH3)3BrCl2],  as  in  the  case  of  chromic  triammino- 
trichloride,  by  the  thermal  decomposition  of  the  corresponding  pentammines  at 
175°.  The  corresponding  iodo-,  nitrato-,  and  nitrito-salts  could  not  be  similarly 
obtained. 

S.  M-  "Jorgensen,  J.  Petersen,  and  P.  Pfeiffer  prepared  chromium 
hydroxydecamminopentabromide,  [Cr2(OH)(NH3)10]Br5.H2O,  and  its  bromo- 
platinate ; as  well  as  chromic  hydroxydecamminohydroxytetrabromide, 
[Cr2(OH)(NH3)10]Br4(OH).H2O.  S.M.  Jorgensen  described  chromic  hydroxydecam- 
minotetrabromide,  [Cr2(OH)(NH3)10]Br4.2H2O ; P.  Pfeiffer  and  R.  Stern,  chromic 
dihydroxybisethylenediaminotetrabromide,  [Cr(0H)2en2]Br4.2|H20  ; S.  M.  Jor- 
gensen, chromic  ferihydroxyaquohexamminotribromide,[Cr4(OH)3(H20)(NH3)6]Br3. 
H20  ; P.  Pfeiffer  and  W.  Vorster,  chromic  hexaquosexiesethylenediaminohexa- 
bromide,  [Cr4(OH)  en6]Br6.4H20. 

A.  Werner  and  A.  Gubser  prepared  rubidium  chromium  bromide,  2RbBr.OrBr3. 
H20,  or  Rb[CrBr5(H20)],  from  a soln.  of  3 grms.  of  rubidium  bromide,  8 grms. 
of  green  chromic  bromide,  and  10  grms.  of  water.  The  brownish-violet  crystals 
are  soluble  in  water.  S.  M.  Jorgensen  prepared  chromic  chloropentamminodi- 
bromomercuribromide,  [Cr(NH3)5Cl]Br2.2|HgBr2 ; and  P.  Pfeiffer,*  chromic 
dibromobisethylenediaminobromomercuribromide,  [Cr  en2Br2]Br.HgBr2. 

H.  Rose  3 heated  a mixture  of  potassium  dichromate  and  bromide  with  sul- 
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phuric  acid,  and  found  that  bromine  distils  over  without  a trace  of  chromium.  No 
signs  of  a chromyl  bromide,  Cr02Br2,  analogous  with  the  corresponding  chloride  was 
obtained.  S.  G.  Rawson  also  failed  to  prepare  the  compound  by  H.  Rose's  method, 
and  also  by  heating  calcium  bromide  and  chromyl  chloride  in  sealed  tubes  at  varying 
temp,  and  varying  periods  of  time.  H.  S.  Fry  found  that  a soln.  of  acetyl  bronride 
in  carbon  tetrachloride,  to  which  a few  drops  of  acetic  acid  are  added,  produces  an 
intense  permanganate-red  coloration,  which  rapidly  changes  to  reddish-brown. 
The  latter  colour  is  due  to  bromine,  and  the  former  to  an  unstable  chromyl  bromide. 
The  production  of  the  permanganate-red  colour  is  recommended  as  a test  for  traces 
of  chromium,  and  is  capable  of  detectingD-Ol  mg.  per  1 c.c.  of  solvent. 

A.  Ditte  prepared  potassium  bromochromate,  KCr03Br,  from  a mixed  soln. 
of  chromic  acid  and  potassium  bromide  evaporated  in  the  cold  in  vacuo.  J.  Heintze 
obtained  it  from  a soln.  of  potassium  chromate  and  fuming  hydrobromic  acid. 
The  red  crystals  lose  bromine  in  the  desiccator  ; water  decomposes  the  salt  into 
potassium  dichromate  and  hydrobromic  acid  ; and  with  nitrogen  peroxide,  nitroxyl 
bromide  is  formed. 
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§ 27.  Chromium  Iodides  and  Oxyiodides 

A.  Moberg  1 observed  that  a soln.  of  chromous  chloride  does  not  give  a precipitate 
with  potassium  iodide,  but  the  soln.  acquires  a reddish-brown  colour.  H.  Moissan 
prepared  chromous  iodide,  or  chromium  diiodide,  Crl2,  by  heating  chromic  iodide 
in  hydrogen.  The  greyish-white  product  forms  a blue  soln.  with  water  ; and  this, 
on  exposure,  becomes  green  owing  to  the  absorption  of  oxygen.  The  presence  of 
this  salt  in  water  can  induce  the  dissolution  of  the  insoluble  forms  of  the  anhydrous 
chromic  halides.  W.  Biltz  and  E.  Birk  gave  5-196  for  the  sp.  gr.  of  chromous 
hexamminodiiodide,  CrI2.6NH3. 

J.  Inglis  observed- that  when  a soln.  of  potassium  dichromate  is  treated  with 
an  excess  of  cone,  hydriodic  acid,  a dense  black  precipitate  of  iodine  separates  out. 
J.  M.  Ordway  said  that  a soln.  of  a mol  of  hydrogen  iodide  dissolves  3 mols  of  chromic 
oxide.  P.  Guyot  found  that  by  heating  the  mixture  of  potassium  dichromate  and 
hydriodic  acid,  there  remains  after  the  expulsion  of  the  iodine,  a mixture  of  potas- 
sium iodide,  and  what  was  said  to  be  chromic  iodide,  or  chromium  triiodide,  Crl3. 
H.  Moissan  obtained  red  crystals  of  anhydrous  chromic  iodide  by  the  action  of 
iodine  vapour  carried  by  a current  of  nitrogen  over  red-hot  chromium  ; R.  Hanslian 
observed  no  reaction  at  the  b.p.  of  iodine.  According  to  G.  O.  Higley,  the  violet 
enneahydrate,  CrI3.9H20,  or  [Cr(H20)3(H402)3],  is  formed  by  passing  hydrogen 
iodide  into  30  c.c.  of  water  in  which  12-3  grms.  of  barium  carbonate  are  suspended 
and  then  adding  14  5 grms.  of  violet  chromic  sulphate,  and  sat.  the  filtrate  at  10° 
with  hydrogen  iodide.  The  dark  violet  or  black  crystals  yield  an  olive-green  powder. 
The  salt  decomposes  on  keeping  with  the  evolution  of  hydrogen  iodide  ; it  is  very 
hygroscopic  ; and  it  is  soluble  in  alcohol,  and  in  acetone,  but  insoluble  in  chloro- 
form. W.  Biltz  and  E.  Birk  gave  4-915  for  the  sp.  gr.  at  25°/4°. 

S.  M.  Jorgensen  2 treated  a soln.  of  chromic  hexamminonitrate  with  a soln. 
of  potassium  iodide,  and  obtained  chromic  hexamminotriiodide,  [Cr(NH3)6]I3. 
The  yellow,  rhombic  plates  are  isomorphous  with  the  bromide.  W.  Biltz  and 
E.  Birk  gave  2-425  for  the  sp.  gr.  at  25°/4°  ; and  220-6  for  the  mol.  vol.  E.  Rosen- 
bohm  gave  10-53  XlO-6  mass  units  for  the  magnetic  susceptibility.  A.  Benrath 
found  that  in  the  presence  of  hydriodic  acid,  [Cr(NH3)5l]I2,  and  [Cr(NH3)5(H20)]I3 
are  formed.  P.  Pfeiffer,  and  P.  Pfeiffer  and  M.  Tilgner  prepared  chromic  trisethyl- 
enediaminotriiodide,  [Cr  en3]I3.H20 ; P.  Pfeiffer  and  H.  Pietsch,  chromic 
bisethylenediaminopropylenediaminotriiodide,  [Cr  en2pn]I3.2ILO  ; and  P.  Pfeiffer 
and  M.  Haimann,  chromic  trispropylenediaminotriiodide,  [Cr  pn3]I3.H20. 
O.  T.  Christensen  obtained  a yellow  crystalline  powder  of  chromic  aquopentammi- 
notriiodide,  [Cr(NH3)5(H20)]I3,  by  the  action  of  hydriodic  acid  on  a soln.  of  the 
corresponding  hydroxide.  H.  J.  S.  King  also  prepared  this  salt. 

H.  J.  S.  King  prepared  chromic  hydroxypentamminodiiodide,  [Cr(NH3)5(OH)]I2. 
|H20,  as  in  the  case  of  the  chloride.  An  addition  product  with  potassium  iodide 
was  also  obtained.  P.  Pfeiffer  and  R.  Stern  obtained  chromic  cis-hydroxyaquo- 
bisethylenediaminodiiodide,  [Cren2(H20)(0H)]I2  ; and  P.  Pfeiffer  and  R.  Prade,  the 
trans-salt.  O.  T.  Christensen  prepared  red,  octahedral  crystals  of  chromic  nitrito- 
pentamminodiiodide,  [Cr(NH3)5(N02)]I2 ; and  A.  Werner  and  J.  von  Ilalban,  chromic 
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nitratopentamminodiiodide,  [Cr(NH3)5(N03)]l2.  S.  M.  Jorgensen  obtained  lilac 
plates  of  chromic  chloropentamminodiiodide,  [Cr(NH3)5Cl]I2,  associated  with  one 
and  two  mols.  of  mercuric  iodide.  P.  T.  Cleve  prepared  garnet-red,  rhombic  prisms 
of  chromic  chloroaquotetramminodiiodide,  [Cr(NH3)4(H20)Cl]I2.  S.  M.  Jorgensen 
obtained  bluish-violet,  octahedral  crystals  of  chromic  iodopentamminodiiodide, 
[Cr(NH3)5I]I2,  as  well  as  the  corresponding  chloride,  and  nitrate.  H.  Freundlich 
and  R.  Bartels  studied  the  hydrolysis  of  the  salt : [Cr(NH3)5I]"+H20=I' 
+ [Cr(NH3)5(H20)]'".  P.  T.  Cleve  prepared  chromic  iodoaquotetramminodiiodide, 
[Cr(NH3)4(H20)I]I2,  in  rose-red  octahedra ; A.  Werner  and  J.  V.  Dubsky, 
chromic  dihydroxydiaquodiamminoiodide,  [Cr(NH3)2(H20)2(0H)2]I ; E.  Wein- 
mann,  chromic  dihydroxydiaquoethylenediaminoiodide,  [Cr(H20)2  en(OH2)]I ; 
P.  Pfeiffer  and  W.  Osann,  chromic  dihydroxydiaquodipyridinoiodide, 
[CrPy2(H20)2(0H)2]I ; P.  Pfeiffer  and  T.  G.  Lando,  P.  Pfeiffer  and  P.  Koch,  and 
P.  Pfeiffer  and  A.  Trieschmann,  chromic  cis-dichlorobisethylenediaminoiodide, 
[Cr  en2Cl2]I,  and  also  the  trans-salt ; E.  Rosenbohm,  chromic  dichlorotetrammino- 
iodide,  [Cr(NH3)4Cl2]I,  with  the  magnetic  susceptibility  19-74 X 10-6  mass  units; 
A.  Werner,  chromic  dichloroaquotriamminoiodide,  [Cr(NH3)3(H20)Cl2]I ; S.  Gural- 
sky,  and  A.  Werner,  chromic  dibromoaquotriammiroiodide,  [Cr(NH3)3(H20)Br2]I ; 
P.  Pfeiffer,  chromic  cis-dibromobisethylenediaminoiodide  [Cr  en2Br2]I.H20,  as 
well  as  the  trans-salt ; P.  Pfeiffer  and  M.  Tapuach,  chromic  dibromodiaquodipyri- 
dinoiodide,  [CrPy2(H20)2Br2]I.4H20  ; P.  Pfeiffer  and  T.  G.  Lando,  complex  salts 
of  mercuric  iodide  with  chromic  diiodobisethylenediaminoiodide,  [Cr  en2I2]I ; 
P.  Pfeiffer  and  P.  Koch,  a complex  salt  of  mercuric  iodide  with  chromic  cis- 
thiocyanatobisethylenediaminoiodide,  [Cr  en2(SCy)2]I.HgI ; P.  Pfeiffer  and 
A.  Trieschmann,  and  H.  Schwarz,  chromic  oxalatobisethylenediaminoiodide, 
[Cr  en2(C204)]I ; S.  M.  Jorgensen,  chromic  hydroxydecamminopentaiodide, 
[Cr(OH)(NH3)10]I5.H2O ; F.  Pintus  prepared  chromic  trisethylenediaminotri- 
iodide,  [Cr  en3]I3.  S.  M.  Jorgensen,  chromic  hydroxydecamminohydroxydichloro- 
diiodide,  [Cr2(OH)(NH3)10]Cl,I2(OH),  and  chromic  hydroxydecamminochlorotetra- 
iodide,  [Cr2(OH)6(NH3)10]ClI4.H2O ; P.  Pfeiffer  and  R.  Stern,  chromic  dihydroxy- 
quaterethylenediaminotetraiodide,  [Cr2(OH)2  en4]I4.2£H20 ; S.  M.  Jorgensen, 
chromic  trihydroxyaquohexamminotriiodide,  [Cr2(0H)3(H20)(NH3)6]I3.H20 ; 
R.  F.  Weinland  and  E.  Biittner,  chromic  hexacetatodihydroxytriamminoiodide 
[Cr3(CH3COO)6(NII3)3(HO)2]I ; R.  F.  Weinland  and  E.  Gussmann,  chromic 
hexacetatodihydroxytripyridinoiodide,  [Cr3(CH3COO)6Py3(OH)2]I ; and  P.  Pfeiffer 
and  W.  Vorster,  chromic  hexahydroxysexiesethylenediaminohexaiodide, 
[Cr4(0H)6en6]I6.H20,  and  an  addition  product  with  mercuric  iodide. 

S.  M.  Jorgensen  prepared  the  complex  chromic  chloropentamminodiiodo- 
mercuriiodide,  [Cr(NH3)5Cl]I2.HgI,  as  well  as  [Cr(NH3)5Cl]I2.2HgI2  ; P.  Pfeiffer, 
chromic  diiodobisethylenediaminoiodomercuriiodide,  [Cr  en2I2]I.HgI2 ; P.  Pfeiffer 
and  P.  Koch,  chromic  dithiocyanatobisethylenediaminoiodomercuriiodide, 
[Cr  en2(SCy)2]I.HgI2 ; and  P.  Pfeiffer  and  W.  Vorster,  chromic  hexahydroxy- 
sexiesethyienediaminohexaiodomercuriiodide,  [Cr4(0H)6en6]I6.2HgI2.8H20. 

As  indicated  above,  J.  Inglis,3  and  P.  Guyot  obtained  no  evidence  of  the  for- 
mation of  an  oxyiodide  by  the  action  of  hydriodic  acid  on  potassium  chromate. 

H.  Giraud  said  that  an  oxyiodide  is  formed  as  a deep  red,  oily  liquid,  boiling  at  149°, 
by  the  action  of  sulphuric  acid  on  a mixture  of  potassium  dichromate  and  iodide. 
II.  Rose  found  that  iodine,  not  chromyl  iodide,  is  formed  ; nor  could  S.  G.  Rawson 
verify  this,  nor  could  he  obtain  an  oxyiodide  by  the  action  of  calcium  iodide  on 
chromyl  chloride  in  a sealed  tube  ; by  the  action  of  the  vapour  of  chromyl  chloride 
on  ethyl  iodide,  or  by  the  action  of  hydrochloric  acid,  acetic  acid,  or  hydrofluosilicic 
acid  on  a mixture  of  potassium  iodide,  chromium  trioxide,  and  solid  zinc  chloride. 

I.  Walz  obtained  some  iodate  by  the  action  of  chromic  acid  on  iodine.  H.  S.  Fry 
treated  chromium  trioxide  with  acetyl  iodide  and  obtained  only  iodine.  There 
was  no  evidence  of  the  formation  of  chromyl  iodide. 

According  to  P.  Guyot,  when  potassium  chromate  is  treated  with  colourless 
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hydriodic  acid,  garnet-red  crystals  of  potassium  iodochromate,  KCr03I,  are  pro- 
duced. If  the  salt  contains  an  excess  of  iodine  it  may  have  a brown  tint,  but  on 
exposure  to  the  air  it  gradually  assumes  its  normal  colour.  It  is  decomposed  in 
the  presence  of  water  into  hydriodic  acid  and  potassium  dichromate.  When  heated 
it  gives  off  iodine  copiously  ; on  boiling  it  with  hydriodic  acid  more  iodine  is  given 
off,  potassium  iodide  and  chromic  iodide  remaining  behind. 
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§ 28.  Chromium  Sulphides 

0.  Schumann  1 made  some  observations  on  the  relative  affinities  of  chromium 
and  the  metals  for  sulphur  and  oxygen.  According  to  A.  Moberg,  when  chromous 
chloride  is  treated  with  ammonium  sulphide,  a black  precipitate — presumably 
chromous  sulphide  or  chromium  monosulphide,  CrS — is  formed ; E.  M.  Peligot 
obtained  it  by  the  use  of  potassium  sulphide  and  observed  that  the  precipitate  is 
insoluble  in  an  excess  of  the  precipitant.  M.  Traube  observed  that  the  sulphide 
occurs  among  the  products  of  the  reduction  of  chromic  sulphate  heated  in  hydrogen. 
H.  Moissan  observed  that  when  chromous  chloride  is  heated  to  440°  in  hydrogen 
sulphide,  this  sulphide  is  formed ; this  is  also  the  case  when  chromic  sulphide  is 
heated  in  hydrogen.  A.  Moulot  obtained  this  sulphide  by  heating  chromium  in  an 
atm.  of  hydrogen  sulphide  in  an  electric  furnace.  The  black  mass  prepared  at  a high 
temp,  forms  opaque,  prismatic  crystals  of  sp.  gr.  4-08.  The  black,  non-crystalline 
powder  has  a sp.  gr.  3-97.  W.  F.  de  Jong  and  H.  W.  V.  Willems  found  that  the 
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crystals  of  the  monosulphide,  prepared  by  heating  sulphur  and  chromium  at  600°, 
have  an  X-radiogram  in  agreement  with  a hexagonal  lattice  with  a= 3-44  A.,  and 
c=5-67A.;  and  sp.  gr.  4-85.  M.  Picon  gave  1550°  for  the  m.p.  The  crystals  scratch 
quartz.  M.  Picon  found  that  chromous  sulphide  is  more  resistant  to  the  action  of 
carbon  at  a high  temp.,  in  vacuo,  than  is  the  corresponding  oxide.  The  sulphide 
melts  without  dissociation  at  1550°.  E.  Wedekind  and  C.  Horst  gave  28-4  x 10-5 
mass  units  for  the  magnetic  susceptibility  at  19-5°.  Chromous  sulphide  is  easily 
attacked  by  oxidizing  agents,  but  not  by  reducing  agents.  Chromous  sulphide  is 
but  slightly  reduced  when  heated  to  1200°  in  hydrogen  ; with  oxygen,  at  a red-heat, 
chromic  oxide  and  sulphate,  and  sulphur  dioxide  are  formed  ; when  heated  in  air, 
it  glows,  forming  chromic  oxide,  but  no  sulphur  is  obtained  ; with  water-vapour, 
chromic  oxide  and  hydrogen  sulphide  are  formed  ; with  fluorine,  combination 
occurs  with  incandescence,  and  similarly  also  with  hydrogen  fluoride  ; at  340°, 
chlorine  forms  chromic  chloride  ; and  carbon,  in  an  electric  furnace,  forms  a product 
free*  from  sulphur.  Molten  potassium  hydroxide  or  carbonate  produces  sulphate 
and  chromate.  According  to  M.  Houdard,  by  heating  a mixture  of  aluminium 
(7  grms.)  and  chromium  (5'6  grms.)  in  a current  of  hydrogen  sulphide,  a black, 
crystalline  mass  is  obtained,  which  evolves  hydrogen  sulphide  with  water,  giving 
a deposit  of  alumina  and  leaving  a reddish-black,  crystalline  residue,  which,  when 
washed  with  dil.  hydrochloric  acid,  corresponds  with  chromous  sulphoaluininate, 
ALS3.CrS,  or  Cr(AlS2)2.  Its  optical  properties  resemble  those  of  the  spinels,  and  the 
crystals  have  the  cubic  structure.  If  excess  of  chromium  is  used,  the  sesquisul- 
phide  seems  to  be  formed  and  the  crystalline  mass  obtained  is  only  with  difficulty 
attacked  by  dil.  hydrochloric  acid,  whilst  nitric  acid  slowly  destroys  the  double 
compound,  leaving  a black,  crystalline  residue  of  CrS.  For  chromous  sulpho- 
chromite,  vide  infra. 

H.  Moissan  observed  that  chromic  sulphide,  or  chromium  hemitrisulphide,  or 
chromium  sesquisulphide,  Cr2S3,  can  be  formed  by  the  direct  union  of  the  elements, 
for  chromium  filings  at  700°  unite  with  sulphur  vapour  to  form  this  compound  ; 
and  it  is  also  formed  when  hydrogen  sulphide  is  passed  over  chromium  at  1200°. 
J.  J.  Berzelius  prepared  this  compound  by  heating  an  intimate  mixture  of  sulphur 
and  chromic  oxide  in  vacuo  ; and  L.  R.  von  Fellenberg  melted  a mixture  of  chromic 
oxide,  sulphur,  and  potassium  carbonate.  O.  Harten  obtained  it  by  passing  hydro- 
gen sulphide  over  white-hot  chromic  oxide,  or  chromium  trioxide.  O.  Schumann 
working  at  a lower  temp,  obtained  only  a 25  per  cent,  conversion.  H.  Moissan  added 
that  the  reaction  with  chromic  oxide,  not  previously  calcined,  sets  in  at  about  440°. 
W.  Muller  obtained  a large  proportion  of  chromic  oxide  by  passing  hydrogen  sulphide 
over  heated  potassium  chromate,  and  extracting  the  potassium  sulphide  with 
water.  J.  L.  Lassaigne  heated  a mixture  of  chromic  chloride  and  sulphur  at  a 
red-heat,  but,  added  J.  J.  Berzelius,  the  reaction  is  incomplete.  J.  von  Liebig 
obtained  chromic  sulphide  by  passing  hydrogen  sulphide  over  strongly  heated 
chromic  chloride.  J.  J.  Berzelius  prepared  the  sulphide  by  melting  chromic  oxide 
and  potassium  pentasulphide  at  a high  temp.,  and  extracting  the  alkali  sulphide 
with  water.  R.  Schneider  recommended  preparing  chromic  sulphide  by  treating 
sodium  sulphochromite  with  dil.  hydrochloric  acid,  and  heating  the  well-washed 
product  in  a current  of  carbon  dioxide.  F.  Wohler,  and  C.  Brunner  heated  potas- 
sium chromate  with  potassium  polysulphide,  when,  according  to  A.  Schafarik,  a 
complex  alkali  chromic  sulphide  is  probably  formed.  K.  Bruckner  found  that 
when  a mixture  of  chromic  oxide  and  sulphur  is  heated  in  air,  the  oxide  is  not 
decomposed  ; chromium  trioxide  inflames  and  forms  chromic  oxide  with  a small 
proportion  of  sulphide  ; potassium  chrome-alum  with  a prolonged  heating  forms 
chromic  oxide  and  potassium  sulphate,  but  if  the  mixture  is  heated  for  only  a short 
period,  a potassium  and  chromium  sulphide  is  formed— aide  supra,  for  the  action 
of  sulphur  on  chromates.  II.  Rose  obtained  chromic  sulphide  by  passing  the  vapour 
of  carbon  disulphide  over  heated  chromic  oxide  ; W.  Muller  passed  the  vapour  over 
heated  potassium  chromate  and  extracted  the  alkali  sulphide  by  water;  a large 
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proportion  of  chromic  oxide  is  formed  if  ammonium  chromate  is  employed.  B.  Kopp 
obtained  a pyrophoric  mixture  by  reducing  chromic  sulphate  in  hydrogen  ; 
M.  Traube  .showed  that  the  black  product  is  a mixture  of  chromic  sulphide  and 
oxide.  M.  Traube  obtained  some  sulphide  by  heating  acid  chromic  sulphate  in 
dry  hydrogen  sulphide  ; A.  Moulot  heated  the  sulphate  mixed  with  potassium 
polysulphide ; and  K.  Bruckner,  with  sulphur.  H.  Moissan  heated  chromic 
oxalate  in  hydrogen  sulphide  ; and  R.  Schneider  heated  the  higher  chromium 
sulphides- — e.g.  Cr4S7=2Cr2S3-t-S. 

Analyses  of  chromic  sulphide  in  agreement  with  the  formula  Cr3S3  were  reported 
by  L.  R.  von  Fellenberg,  0.  Harten,  A.  Gautier  and  L.  Hallopeau,  and  A.  Mourlot. 
A.  Schafarik,  W.  Muller,  and  M.  Traube  obtained  rather  too  high  a proportion  of 
sulphur.  J.  L.  Lassaigne’s  analysis  must  have  been  made  on  a very  impure  sample. 
According  to  the  temp,  at  which  it  has  been  prepared,  chromic  sulphide  appears  as 
a black  or  dark  grey  powder  ; or  in  bright  black,  or  greyish-black  crystals  in  some 
cases  resembling  graphite.  A.  Schafarik  gave  2-79  to  3-77  for  the  sp.  gr.  of  the 
crystals.  If  heated  in  the  absence  of  air,  H.  Moissan  observed  that  chromous 
sulphide  is  formed.  M.  Picon  found  that  chromic  sulphide  loses  sulphur  at  1350°, 
melts  at  1550°,  and  then  has  a composition  CrSx-oe-  A.  Karl  said  that  the  sulphide 
is  triboluminescent.  When  the  powder  is  used  as  anode  in  the  electrolysis  of  2 per 
cent,  sulphuric  acid,  K.  Fischbeck  and  E.  Einecke  found  that  as  hydrogen  sulphide 
is  formed,  tervalent  chromium  passes  into  soln.  0.  Stelling  studied  the  X-ray 
spectrum.  E.  Wedekind  and  C.  Horst  gave  23-28  X 10~6  mass  units  for  the  magnetic 
susceptibility.  M.  Traube,  A.  Schafarik,  and  J.  L.  Lassaigne  observed  that  chromic 
sulphide  burns  like  a pyrophorus  when  heated  in  air  or  oxygen  forming  chromic 
oxide — W.  Muller  said  that  some  green  basic  sulphate  is  formed.  H.  V.  Regnault 
observed  that  with  water  vapour,  hydrogen  sulphide  and  a little  chromic  oxide  are 
formed.  H.  Rose  said  that  chromic  sulphide  is  scarcely  attacked  by  chlorine  even 
at  a high  temp.  ; but  J.  J.  Berzelius,  H.  Moissan,  L.  R.  von  Fellenberg,  and 
0.  Harten  observed  that  the  sulphide  is  partially  decomposed  by  chlorine  at 
ordinary  temp.,  but  decomposition  into  chromic  chloride  is  complete  at  higher  temp. 
W.  Muller  observed  only  a slight  action  with  hydrochloric  acid.  J.  Milbauer  and 
E.  Tucek  studied  the  action  of  sulphur  dioxide  on  the  heated  sulphide.  According 
to  J.  J.  Berzelius,  some  forms  of  chromic  sulphide  are  decomposed  by  nitric  acid, 
while  other  forms  are  attacked  with  difficulty.  A.  Schafarik  observed  that  fuming 
nitric  acid  does  not  attack  the  sulphide  in  the  cold,  but  the  boiling  acid  readily 
decomposes  the  sulphide,  and  J.  L.  Lassaigne  said  that  the  boiling  acid  has  very 
little  action.  H.  Moissan  found  that  nitric  acid,  or  aqua  regia  attacks  the  sulphide 
with  difficulty,  while  J.  L.  Lassaigne  said  that  aqua  regia  converts  it  into  chromic 
chloride  and  sulphuric  acid.  F.  Gobel  found  that  chromic  sulphide  is  decomposed 
when  heated  in  carbon  monoxide,  and  carbon  disulphide  is  formed.  J.  L.  Lassaigne 
found  that  with  fused  potassium  nitrate  it  forms  potassium  chromate  and  sulphate  ; 
but  J.  J.  Berzelius  said  that  it  is  not  dissolved  by  soln.  of  potassium  hydroxide  or 
sulphide.  S.  M.  Jorgensen  treated  a soln.  of  chromic  chloropentamminodichloride 
with  ammonium  polysulphide  ; on  adding  alcohol,  and  allowing  the  turbid  liquid 
to  stand  in  a dark  place,  he  obtained  brick-red,  rhombic  plates  of  chromic  chloro- 
pentamminopentasulphide,  [Cr(NH3)5Cl]S5.  It  is  sparingly  soluble  in  cold  water, 
and  freely  soluble  in  hot  water.  It  is  decomposed  by  hydrochloric  acid. 
S.  M.  Jorgensen  treated  chromic  trihydroxyaquohexamminotrichlonde  with 
ammonium  polysulphide,  and  obtained  cinnabar-red,  octahedral  crystals  of  chromic 
trihydroxyaquohexamminohemienneasulphide,  [Cr2(0H)3(H20)  ( NH3)  6]2SU  ,2H20 . 

The  formation  of  complex  sulphides  was  studied  by  M.  Groger,  H.  Moissan,  and 
R.  Schneider.  These  s&lts  can  be  regarded  as  sulphochromites,  M'CrS2,  or  salts  of 
hydrosulphochromous  acid,  HCrS2,  or  H2Cr2S4.  This  acid  was  reported  by 
R.  Schneider  to  be  formed  as  an  unstable  product  when  sodium  sulphochromite  is 
treated  with  dil.  hydrochloric  acid  in  the  absence  of  air.  , It  forms  Cr2S4  when 
exposed  to  air ; and,  when  heated  in  the  absence  of  air,  it  furnishes  chromic  oxide 
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and  hydrogen  sulphide.  If  potassium  sulphotetrachromite,  K2CrdS7,  be  similarly 
treated  with  dil.  hydrochloric  acid,  grey  crystals  of  hydrosulphotetrachromous 
acid,  H2Cr4S7,  are  formed.  The  crystals  retain  the  form  of  the  original  crystals. 
The  acid  decomposes  into  hydrogen  and  chromic  sulphides  when  heated  in  a current 
of  carbon  dioxide  ; it  is  unstable  in  air,  forming  water  and  the  sulphide  Cr4S7. 

M.  Groger  prepared  sodium  sulphochromite,  NaCrS2,  by  heating  to  redness  a 
mixture  of  chromium  hydroxide,  sodium  carbonate  and  sulphur  (1:9:11)  in  a 
porcelain  crucible  until  the  excess  of  sulphur  is  expelled.  The  cold  mass  is 
extracted  with  water,  and  the  residue  washed  with  dil.  soda-lye,  then  with  alcohol, 
and  finally  with  absolute  alcohol.  R.  Schneider  heated  a mixture  of  potassium  and 
sodium  carbonates,  potassium  chromate,  and  sulphur  ; and  F.  J.  Faktor,  a mixture 
of  sodium  chromate  and  thiosulphate.  E.  Kunheim  obtained  it  by  heating  a 
mixture  of  sodium  and  chromic  sulphates  and  carbon  in  the  electric  arc.  The  dark 
red  powder  was  found  by  R.  Schneider  to  consist  of  dark  brick-red,  hexagonal 
plates  of  sp.  gr.  2-55  at  15°.  If  heated  in  the  absence  of  air  it  suffers  no  change. 
It  is  stable  in  air  at  ordinary  temp.,  but  w'hen  heated  in  air,  it  gives  off  sulphur 
dioxide  forming  chromic  oxide  and  sodium  sulphate.  It  is  insoluble  in  water, 
but  is  decomposed  by  aerated  water.  R.  Schneider  obtained  hydrosulphochromous 
acid  by  the  action  of  dil.  hydrochloric  acid  in  the  absence  of  air,  and  when  exposed 
to  air,  Cr2S4  is  formed.  M.  Groger  found  that  sodium  sulphochromite  is  not 
attacked  by  cone,  hydrochloric  acid  ; cold  cone,  sulphuric  acid  is  without  action, 
but  the  hot  acid  decomposes  the  salt ; nitric  acid,  and  aqua  regia  decompose  the 
salt  forming  chromic  and  sodium  sulphates.  The  salt  is  not  attacked  by  soln.  of 
sodium  hydroxide  or  sulphide. 

J.  J.  Berzelius  treated  a soln.  of  potassium  chromate  with  hydrogen  sulphide, 
and  obtained  a dark  brown  liquid  and  chromic  oxide.  The  liquid  was  thought 
to  contain  a sulphide  of  chromium  and  potassium ; it  deposits  chromic  sulphide 
when  exposed  to  air,  or  when  treated  with  acids  ; but  the  precipitate  is  decom- 
posed by  the  liquid,,  forming,  in  air,  potassium  chromate,  and  sulphur.  J.  Milbauer 
obtained  greyish-green  crystals  of  potassium  sulphochromite,  KCrS2,  or  K2Cr2S4, 
by  treating  chromic  oxide  with  molten  potassium  thiocyanate.  It  is  stable  in 
air,  but  when  roasted  it  forms  sulphur  dioxide  and  chromic  oxide  ; it  is  insoluble 
in  water  and  hot  hydrochloric  acid,  but  freely  soluble  in  aqua  regia.  According 
to  R.  Schneider,  potassium  sulphotetrachromite,  K2Cr4S7,  is  obtained  by  fusing 
potassium  chromate  (1  part)  with  potassium  carbonate  (24  parts)  and  sulphur 
(24  parts)  for  20  minutes  at  a bright  red-heat,  allowing  the  mass  to  cool  slowly, 
and  washing  it  thoroughly  but  rapidly  with  cold  water.  It  forms  reddish  to 
bluish-grey  hexagonal  plates  with  metallic  lustre,  and  has  a sp.  gr.=2-77  at  15°. 
When  four  times  as  much  chromate  is  used  in  proportion  to  the  carbonate  and 
sulphur,  or  a weight  of  chromium  hydroxide  equal  to  this,  a grey  powder  is  left 
instead  of  crystals  ; prolonged  washing  of  this  powder  with  hot  water  leaves  pure 
chromic  sulphide,  Cr2S3,  as  J.  J.  Berzelius  stated  long  ago.  Potassium  sulpho- 
tetrachromite is  stable  in  air  ; it  loses  potassium  sulphide  slowly  when  it  is  washed 
with  water  ; at  a red-heat  in  a current  of  hydrogen,  it  loses  one-seventh  of  its 
sulphur,  leaving  steel-blue  crystals  of  potassium  sulphodichromite,  KCr2S3,  or 
K2Cr4S6,  which  retain  the  form  of  the  sulphotetrachromite.  When  this  compound 
is  heated  in  air,  it  loses  sulphur  dioxide  and  leaves  behind  chromic  oxide  and 
potassium  sulphide.  Aq.  soln.  of  potassium  hydroxide  or  ammonia  have  little 
action  ; nitric  acid,  and  aqua  regia  decompose  it  with  the  liberation  of  sulphur ; 
hydrochloric  acid,  in  the  absence  of  air,  forms  the  acid  H2Cr4S7. 

M.  Groger  precipitated  copper  sulphochromite,  Cu(CrS2)2,  from  a soln.  of  the 
sodium  salt  by  the  addition  of  copper  sulphate  ; R.  Schneider  used  modifications  of 
the  process.  Copper  sulphochromite  is  not  attacked  by  water,  or  hydrochloric 
acid ; but  is  easily  decomposed  by  warming  with  nitric  acid  or  aqua  regia. 
M.  Groger  prepared  silver  sulphochromite,  AgCrS2,  or  Ag2Cr2S4,  as  a black  powder, 
by  adding  silver  nitrate  to  a soln.  of  the  sodium  salt.  R.  Schneider  used  a modifica- 
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tion  of  the  process.  M.  Groger  could  not  prepare  calcium,  strontium,  or  barium 
sulphochromite,  by  an  analogous  process.  He  obtained  zinc  sulphochromite, 
Zn(CrS2)2,  by  heating  a mixture  of  zinc  chromate  and  sulphur  in  hydrogen  ; and 
also  by  treating  a soln.  of  chromic  sulphate  and  zinc  sulphate  with  ammonia,  and 
heating  the  dried  product  in  hydrogen,  and  then  admixed  with  sulphur.  The 
violet-brown  mass  is  insoluble  in  water  and  hydrochloric  acid,  but  is  decomposed 
by  nitric  acid.  The  corresponding  cadmium  sulphochromite,  Cd(CrS2)2,  was 
similarly  prepared.  M.  Groger  prepared  stannous  sulphochromite,  Sn(CrS2)2,  by 
the  action  of  stannous  chloride  on  a soln.  of  the  sodium  salt.  It  is  not  attacked 
by  water  or  hydrochloric  acid,  but  is  oxidized  by  nitric  acid.  M.  Groger,  and 
R.  Schneider  obtained  lead  sulphochromite,  Pb(CrS2)2,  by  adding  lead  nitrate  to  a 
soln.  of  sodium  sulphochromite.  M.  Groger  heated  hydrated  chromic  oxide  with 
sulphur  in  a current  of  hydrogen  and  obtained  a greyish-black  powder  of  chromous 
sulphochromite,  Cr(CrS2)2,  or  Cr3S4.  It  is  insoluble  in  water,  boiling  hydro- 
chloric acid,  and  dil.  sulphuric  acid,  but  it  is  soluble  in  nitric  acid  with  the  separa- 
tion of  sulphur,  and  the  formation  of  chromic  sulphate  and  nitrate.  It  glows 
when  heated  in  air,  forming  sulphur  dioxide  and  chromic  oxide.  E.  Wedekind  and 
C.  Horst  said  that  its  sp.  gr.  is  3-54  at  14°  ; E.  Wedekind  and  T.  Veit  said  that  it 
is  feebly  magnetic ; and  E.  Wedekind  and  C.  Horst  gave  for  the  magnetic  suscepti- 
bility 33-26  X 10~6  mass  units.  M.  Groger  obtained  chocolate-brown  manganese 
sulphochromite,  Mn(CrS2)2,  by  heating  a mixture  of  sulphur  and  manganese  and 
chromic  oxides  in  an  atm.  of  hydrogen.  Similarly  with  black  ferrous  sulpho- 
chromite, Fe(CrS2)2,  which  was  also  obtained  by  treating  a soln.  of  sodium  sulpho- 
chromite with  a soln.  of  a ferrous  salt.  The  meteoritic  mineral  called  daubrgelite, 
found  by  J.  L.  Smith  in  meteoritic  irons,  is  a ferrous  sulphochromite,  FeS.Cr2S3,  or 
Fe(CrS2)2.  Observations  were  also  made  by  F.  Zambonini,  and  A.  Brezina  and 
E.  Cohen.  S.  Meunier  synthesized  it  by  the  action  of  hydrogen  sulphide  on  a red- 
hot  mixture  of  ferrous  and  chromic  chlorides,  or  on  a mixture  of  iron  and  chromium. 
By  treating  a soln.  of  sodium  sulphochromite  with  a cobalt  salt,  M.  Groger  pre- 
pared cobalt  sulphochromite,  Co(CrS2)2,  and  similarly,  by  using  a nickel  salt  soln., 
nickel  sulphochromite,  Ni(CrS2)2. 

Other  chromium  sulphides  have  been  reported.  M.  Groger’s  chromium  tritatetra- 
sulphide,  Cr3S4,  as  indicated  -above,  is  considered  to  be  chromium  sulphochromite. 
E.  Wedekind  and  C.  Horst  gave  33-26  X 10— 6 for  the  magnetic  susceptibility  of  Cr3S4  at 
15-5°.  As  indicated  above,  R.  Schneider  obtained  chromium  tetritaheptasulphide,  Cr4S„ 
as  a decomposition  product  of  H2Cr4S,  ; and  chromium  disulphide,  CrS2,  or  Cr2S4,  as 
a decomposition  product  of  H2Cr2S4.  T.  L.  Phipson  reported  chromium  hemlheptasul- 
phide,  Cr2S„  to  be  formed  by  passing  hydrogen  sulphide  into  a soln.  of  potassium  dichromate 
sat.  with  ammonia,  and  adding  hydrochloric  acid  to  the  filtrate.  G.  Bender  was  unable 
to  confirm  this  result,  and  said  that  the  alleged  sulphide  is  a mixture  of  sulphochromite 
and  hydrated  chromic  oxide. 

O.  Nordenskjold  reported  a complex  salt,  mercuric  chromium  trithioeyanatohexa- 

sulphodiammine,  Cr(SCy)3.2NH3.6HgS,  to  be  formed  by  the  action  of  mercuric  sulphide 
on  mercuric  tetrathiocyanatodiamminochromiate. 
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§ 29.  Chromium  Sulphates 

E.  M.  Peligot 1 found  that  when  the  brown  product  obtained  by  reducing 
chromic  chloride  witli  potassium  is  treated  with  dil.  sulphuric  acid,  some  hydrogen 
is  evolved,  and  a soln.  of  chromous  sulphate,  CrS04,  is  formed.  H.  Moissan  treated 
chromium  amalgam  with  dil.  sulphuric  acid  ; and  A.  Burger  dissolved  chromium 
from  the  aluminothermite  process  in  sulphuric  acid  of  sp.  gr.  T-16  with  the  ex- 
clusion of  air,  at  90°  to  100°,  and  obtained  a blue  soln.  of  chromous  sulphate 
contaminated  with  some  chromic  sulphate.  • According  to  A.  Asmanoff.  an  aq. 
soln.  of  chromic  sulphate  is  reduced  electrolytically  at  a lead  cathode  in  an  atm.  of 
hydrogen.  When  reduction  is  complete,  the  chromous  sulphate  is  precipitated 
by  alcohol,  washed  with  alcohol  and  ether,  and  dried  in  a current  of  hydrogen. 
The  product  is  stable  in  dry  air.  H.  Moissan  obtained  a white,  crystalline  powder 
of  the  monohydrate  by  treating  moist  chromous  acetate  with  cone,  sulphuric  acid 
in  the  absence  of  air.  This  hydrate  is  more  stable  in  air  than  is  the  hejitahydrate  ; 
it  is  converted  by  a little  water  into  the  heptahydrate  ; and  at  a red-heat  it  forms 
chromic  oxide,  and  sulphur  dioxide  and  trioxide.  B.  Cabrera  and  S.  P.  de  Rubies 
studied  the  magnetic  qualities  of  the  salt ; and  F.  Allison  and  E.  J.  Murphy,  the 
magneto-optic  properties. 

J.  M.  van  Bemmelen  observed  that  a sample  kept  for  a year  in  a sealed  tube 
exploded.  H.  Moissan  obtained  the  heptahydrate  by  dissolving  chromous  acetate 
in  dil.  sulphuric  acid  in  an  atm.  of  carbon  dioxide,  and  cooling  the  blue  soln.  The 
blue  crystals  are  isomorphous  with  heptahydrated  ferrous  sulphate.  They  are 
soluble  in  water  ; and  slightly  soluble  in  alcohol.  Cone,  sulphuric  acid  converts 
the  salt  into  the  monohydrate.  The  aq.  soln.  is  not  wholly  converted  into  chromic 
sulphate  by  boiling.  The  crystals  and  the  blue  soln.  readily  absorb  oxygen  from 
air,  and  with  nitric  oxide  are  coloured  brown.  According  to  A.  Asmanoff,  in 
presence  of  platinum  as  catalyst,  the  soln.  oxidizes  with  evolution  of  hydrogen, 
the  reaction  being  unimolecular.  Sulphuric  acid  accelerates  the  reaction,  but  to 
a less  extent  than  does  hydrochloric  acid.  In  absence  of  platinum,  there  is  no 
measurable  evolution  of  hydrogen  with  sulphuric  acid  present  even  in  cone,  up  to 
10W,  although  the  reaction  takes  place  to  some  extent  in  presence  of  hydrochloric 
acid.  In  the  latter  case,  the  oxidation  is  accelerated  by  ammonium  chloride. 
Very  rapid  oxidation  takes  place  in  ammonia  soln.,  especially  in  presence  of 
ammonium  salts,  which  prevent  the  precipitation  of  chromous  hydroxide.  The 
reaction  is  then  no  longer  unimolecular,  but  is  autocatalyzed  by  the  chromic  ion. 
M.  Berthelot  found  that  the  blue  soln.  mixed  with  ammonia  and  ammonium  chloride 
readily  absorbs  acetylene  and  is  thereby  decolorized  ; after  a short  time  the  soln. 
becomes  rose-red,  and  deposits  a precipitate  giving  off  ethylene.  The  acidic  soln. 
absorbs  no  more  acetylene  than  is  the  case  with  water. 

According  to  C.  Laurent,  blue  crystals  of  ammonium  chromous  sulphate, 
(NH4)2S04.CrS04.GH20,  are  formed  by  evaporating  a soln.  of  the  component  salts 


CHROMIUM 


435 


in  an  atm.  of  carbon  dioxide.  The  blue  crystals  resemble  the  double  sulphates 
of  the  magnesium  series.  The  salt  is  freely  soluble  in  water  ; 100  c.c.  of  a sat.  aq. 
soln.  contain  55  grms.  of  the  salt  at  20°.  The  salt  is  insoluble  in  alcohol.  It 
readily  oxidizes  in  air.  W.  Traube  and  W.  Passarge  obtained  hydrazine  chromous 
sulphate,  (N2H4)2H2S04.CrS04,  by  the  action  of  hydrazine  sulphate  on  a soln.  of 
sulphuric  acid  and  of  chromous  acetate  in  air-free  water,  covered  with  a layer  of 
light  petroleum  as  a protection  from  air.  The  precipitate  is  washed  successively 
with  water,  alcohol  and  ether.  C.  Laurent  prepared  sodium  chromous  sulphate, 
Na2S04.CrS04.4H20,  by  the  action  of  sodium  acetate  on  a sulphuric  acid  soln.  of 
sodium  sulphate.  E.  M.  Peligot  obtained  rhombic  prisms  of  potassium  chromous 
sulphate,  K2SO4.CrSO4.6H2O,  by  adding  alcohol  to  a mixture  of  chromous  chloride 
and  a cold,  sat.  soln.  of  potassium  sulphate.  The  crystals  are  isomorphous  with 
those  of  potassium  ferrous  sulphate.  C.  Laurent  also  prepared  rubidium  chromous 
sulphate,  Rb2S04.CrS04.6H20  ; caesium  chromous  sulphate,  Cs2S04.CrS04.6H20  ; 
magnesium  chromous  sulphate,  MgS04.CrS04.14H20  ; zinc  chromous  sulphate, 
ZnS04.CrS04.14H20  ; as  well  as  complexes  of  manganese  and  ferrous  sulphates 
{q.v.). 

The  anhydrous  chromic  sulphate,  Cr2(S04)3,  reported  by  A.  Schrotter  2 to  be 
formed  by  heating  a basic  sulphate  with  cone,  sulphuric  acid  until  the  acid  begins 
to  fume  was  supposed,  by  M.  Traube,  L.  and  P.  Wohler  and  W.  Pliiddemann,  and 
M.  Siewert,  to  be  the  acid  salt.  T.  Klobb,  however,  obtained  the  red  sulphate  of 
the  composition,  Cr2(S04)3,  by  heating  ammonium  chromic  sulphate  with  boiling, 
cone,  sulphuric  acid.  A.  Schrotter,  and  M.  Siewert  obtained  it  by  heating  the 
hydrated  salt  over  280°  in  a current  of  carbon  dioxide.  M.  Siewert’s,  and  T.  Klobb’s 
analyses  agreed  with  the  formula  Cr2(S04)3  ; and  A.  Recoura  gave  the  formula 
Cr2(S04)6Cr2  in  agreement  with  that  for  Cr2(S04)6Fe2.  The  powder  is  rose-coloured 
in  daylight,  and  green  by  gas-light.  P.  A.  Favre  and  C.  A.  Valson  gave  2-743  for 
the  sp.  gr.  at  17-2°  ; A.  Senechal,  2-221  at  30°  ; E.  Moles  and  M.  Crespi,  3-712  at 
25°/4°  ; while  L.  F.  Nilson  and  O.  Pettersson  gave  3-012  for  the  sp.  gr.  ; 130-27 
for  the  mol.  vol.  ; 0-1718  for  the  sp.  ht.  ; and  67-41  for  the  mol.  lit.  K.  Friedrich 
found  that  the  thermal  decomposition  curve  is  somewhat  complex  ; the  gases, 
sulphur  dioxide  and  trioxide  and  oxygen,  have  one  atm.  press,  at  750°.  R.  Robl 
observed  but  a faint  luminescence  in  ultra-violet  light.  E.  Kunheim  studied  the 
decomposition  of  mixtures  of  chromic  sulphate  and  carbon  in  the  electric  arc. 

According  to  A.  Schrotter,  crystals  of  the  violet  hydrate,  which  is  provisionally 
taken  to  be  the  octodecahydrate,  Cr2(S04)3.18H20,  are  obtained  by  allowing  to  stand 
for  a few  weeks  a soln.  of  hydrated  chromic  oxide  in  the  calculated  quantity  of  cone, 
sulphuric  acid.  The  soln.  in  water  is  dark  blue  by  reflected  light,  and  ruby-red  by 
transmitted  light ; alcohol  precipitates  from  the  soln.  a pale  violet,  crystalline 
powder  and  the  soln.  becomes  colourless — only  when  there  is  an  excess  or  a deficiency 
of  acid  does  the  soln.  remain  green.  To  obtain  good  crystals,  he  recommended 
dissolving  the  crystalline  powder  in  a moderate  quantity  of  water,  adding  dil. 
alcohol  to  the  stage  at  which  precipitation  begins,  and  leaving  the  soln.  to  evaporate 
spontaneously  in  a vessel  covered  by  a bladder.  H.  Lowel  dissolved  50  grms.  of 
dried  hydrated  chromic  oxide  in  125  grms.  of  cone,  nitric  acid ; added  125  c.c.  of  water, 
and  boiled  for  15  min.  When  the  liquid  was  cold,  he  added  a cold  soln.  of  75  grms.  of 
cone,  sulphuric  acid  in  150  grms.  of  water,  followed  by  1200  grms.  of  alcohol.  The 
precipitated  crystalline  powder  was  washed  with  alcohol,  and  dried  between  bibulous 
paper.  H.  Baubigny  used  a similar  process.  M.  Traube  allowed  alcohol  to  drop 
into  a soln.  of  chromium  trioxide,  cone,  sulphuric  acid,  and  water  (1  : 1-5  : 3) ; at 
the  end  of  the  reduction,  the  chromic  sulphate  is  precipitated  by  alcohol.  If  the 
temp,  rises  during  the  reduction,  the  green  sulphate  is  formed.  This  can  be  con- 
verted to  the  violet  form  by  boiling  the  liquid  with  nitric  acid.  T.  W.  Richards 
and  F.  Bonnet,  and  M.  A.  Graham  used  this  process.  M.  Traube  also  obtained 
the  violet  sulphate  by  passing  a mixture  of  chromic  acid,  cone,  sulphuric  acid,  and 
water  (1:1-5:2-25)  into  a wide  basin  in  which  a porcelain  crucible  containing 
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ether  i.s  placed.  Crystals  of  the  sulphate  are  formed  in  a few  hours.  To  complete 
the  reduction,  a few  drops  of  alcohol  may  be  added.  G.  0.  Higley  prepared  this 
salt  by  adding  100  grms.  of  chrome-alum  to  a cold  soln.  of  100  c.c.  of  cone,  sulphuric 
acid,  and  330  c.c.  of  water  ; and  pouring  260  c.c.  of  cone,  sulphuric,  acid,  with  con- 
stant stirring,  into  the  filtered  soln.  at  15°  to  20°.  Hydrochloric  acid  can  be  used  as 
solvent  for  the  alum.  R.  F.  Weinland  and  R.  Krebs  obtained  good  crystals  from 
a soln.  of  a mol  of  alum  in  60  to  80  mols  of  H2S04  in  95  per  cent.  soln.  by  cooling 
and  evaporation  in  a vacuum  desiccator ; they  also  obtained  the  salt  by  adding 
alcohol  to  a soln.  of  chromium  chlorosulphate ; F.  Krauss  and  co-workers  used  a 
similar  process.  A.  Werner  and  A.  Gubser  obtained  the  salt  by  adding  sulphuric 
acid  to  a violet  soln.  of  chromic  chloride  ; and  P.  M.  Strong,  by  treating  the  mother- 
liquor  from  the  preparation  of  the  polychromosulphuiic  acid  with  the  necessary 
quantity  of  green  sulphate  and  sulphuric  acid,  concentrating  the  mixture  on  a water- 
bath  ; and  allowing  it  to  stand  in  the  cold  for  3 or  4 days  to  crystallize.  E.  Wydlei 
also  described  the  preparation  of  the  salt. 

There  are  differences  of  opinion  about  the  water  of  crystallization.  Analyses  by 
G.  O.  Higley,  A.  Werner  and  A.  Gubser,  A.  fitard,  and  M.  Siewert  correspond  with 
the  hexadecahydrale,  Cr2(S04)3.16H20,  for  the  air-dried  salt;  and  by  A.  Senechal, 
with  the  tetradecahydrate,  14H20.  A.  Schrotter  said  that  the  pentadecahydrate, 
Cr2(S04)3.15H20,  is  formed  when  the  salt  is  dried  at  35°.  R.  F.  Weinland  and 
R.  Krebs  obtained  with  all  modes  of  preparation  tried,  needles  and  plates  of  the 
heptadecahydrate,  Cr2(S04)3.17H20.  A.  Senechal  obtained  with  the  preparations 
with  precipitated  alcohol,  Cr2(S04)3.16-0  to  17-5H20,  and  after  exposure  to  dry  air, 
Cr2(S04)3.14H20  ; he  also  gave  for  the  vap.  press.,  p mm.  of  differently  hydrated 
salts,  Cr2(S04)3.wH20  : 


n . 

. 17-25 

16-55 

15-77 

15-05 

14-78 

25-6° 

. 20-1 

— 

11-0 

111 

— 

29-3° 

. 24-4 

17-4 

14-0 

13-8 

12-8 

p at  34-0° 

. 31-5 

24-2 

19-1 

18-4 

17-3 

38-5° 

. 39-1 

31-9 

24-9 

23-5 

— 

40-4° 

. 43-4 

— 

27-7 

26-2 

— 

From  these  results,  A.  Senechal  concluded  that  hydrates  with  17H20,  16H20, 
15H20,  and  14H20  are  chemical  individuals,  and  that  the  tetradecahydrate  slowly 
loses  water  at  room  temp,  and  has,  at  29-3°,  a vap.  press,  of  3 mm.  M.  Siewert 
said  that  when  the  salt  was  dried  for  an  hour  in  the  sun,  it  contained  12H20  ; 
G.  D.  van  Cleeff,  that  when  the  octodecahydrate  is  dried  over  sulphuric  acid,  it 
loses  3-5  to  4-0H2O,  at  75°  it  changes  colour,  with  the  loss  of  more  water,  and  at 
100°,  it  retains  4H20  ; A.  Schrotter,  that  the  salt  dried  at  100°  has  5 to  6H20  ; 
A.  Recoura,  that  at  90°,  it  forms  the  green  hydrate  with  8H20 ; A.  Kling  and  co- 
workers said  5H20  ; and  A.  Rtard,  A.  Schrotter,  and  A.  Colson  added  that  at 
100°,  the  salt  melts  in  its  water  of  crystallization  and  retains  6H20  and  solidifies 
into  a green  gummy  mass.  G.  N.  Wyrouboff  found  that  when  dried  at  110°,  the 
salt  retains  5H20,  and  it  loses  no  more  water  even  when  heated  to  150°.  M.  Siewert 
stated  that  at  280°,  in  a current  of  carbon  dioxide,  most  of  the  water  is  driven  off, 
and  all  is  expelled  below  a red-heat.  G.  T.  Gerlach  made  some  observations  on 
this  subject ; and  for  those  of  A.  Senechal — vide  infra.  According  to  W.  R.  Whitney, 
and  A.  Senechal,  all  products  with  less  than  12H20  are  not  to  be  considered  as 
hydrates  of  the  violet  sulphate.  G.  N.  Wyrouboff  represented  the  violet  sulphate 
by  the  formula  Cr2(0H2)4(0H2)2(S02)3(0H2)6  ; and  W.  R.  Whitney  represented  it 
by  the  formula  [Cr2(H20)12](S04)36H20,  or  [Cr(H20)6]2(S04)3.6H20,  which  is  taken 
best  to  represent  the  properties  of  the  salt  in  aq.  soln.  and  in  the  solid  state. 
E.  Moles  and  M.  Crespi  found  that  [Cr(H20)6]2(S04)3.5H20  lost  3 mols.  of  water 
at  18°  ; and  [Cr(H20)6]2(S04)3.2H20  lost  10-7  mols.  of  water  at  140°.  According 
to  F.  Krauss  and  co-workers,  the  octodecahydrate  furnishes  the  enneahydrale, 
('r2(S04)3.9H20,  which  is  stable  between  30°  and  100°,  but  the  trihydrate, 
Cr2(S04).3H20,  has  only  a small  range  of  existence.  The  three  mols.  of  water  are 
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combined  as  in  the  zeolites  and  are  therefore  given  up  slowly.  Complete  de- 
hydration occurs  at  about  325°. 

According  to  A.  Schrotter,  and  R.  F.  Weinland  and  R.  Krebs,  the  violet  hydrate 
forms  octahedral  crystals  belonging  to  the  cubic  system.  A.  Schrotter  gave 
1*696  for  the  sp.  gr.  at  22°;  and  P.  A.  Favre  and  C.  A.  Valson,  1*867  at  15°. 
E.  Moles  and  M.  Crespi  found  the  sp.  gr.  of  [Cr(H20)6]2(S04)3.5H20  to  be  1*840  at 
25°/40,  and  the  mol.  vol.  375  to  379 ; and  of  [Cr(H20)6]2(S04V2H20,  1-976  for 
the  sp.  gr.  at  25°/4°,  and  326  for  the  mol.  vol.  A.  Schrotter  observed  that  the 
violet  salt  is  freely  soluble  in  water  ; the  percentage  solubility  is  54*65  per  cent., 
but  by  analogy  with  violet  hydrated  chromic  chloride,  the  solubility  must  depend 
on  the  equilibrium  : violet  sulphate^green  sulphate.  F.  Krauss  and  co-workers 
observed  that  the  dehydration  curve  showed  breaks  corresponding  with  18-,  9-, 
3-,  and  O-hydrates.  E.  N.  Capon  discussed  some  relationships  of  the  m.p. 
P.  A.  Favre  and  C.  A.  Valson  gave  — 3*255  Cals,  for  the  heat  of  soln.  per  mol  of 
Cr2(S04)3.15H20  ; and  A.  Recoura,  —6*2  Cals,  for  a mol  of  Cr2(S04)3.16H20. 
The  difference  in  the  results  may  be  due  to  differences  in  the  proportions  of  the 
green  and  violet  hydrates  formed  in  different  methods  of  preparation,  etc. 

A.  Senechal’s  results  are  in  agreement  with  those  of  A.  Recoura,  for  he  found  for 
the  heat  of  soln.  at  14°  of  the  tetradecahydrate,  — 10*10  Cals. ; for  the  penta- 
decahydrate,  8*3  Cals.  ; for  the  hexadecahydrate,  —7*49  Cals.  ; and  for  the  hepta- 
decahydrate,  6*35  Cals.  T.  Dreisch  studied  the  ultra-red  absorption  spectrum  of 
soln.  of  chromic  sulphate.  E.  Feytis  said  that  there  is  no  difference  between  the 
magnetic  susceptibilities  of  the  different  hydrates,  for  the  coeff.  of  magnetization 
are  in  all  cases  round  about  1400  xlO-6.  G.  Jager  and  S.  Meyer  gave  31  X 10-6 
mass  units  for  the  magnetic  susceptibility  of  the  soln.  at  18°  ; and  O.  Liebknecht 
and  A.  P.  Wills,  15xl0~ 6 mass  units  at  the  same  temp.  V.  N.  Ipatieff  and 

B.  A.  Mouromtseff  found  that  soln.  of  chromic  chloride  are  reduced  by  hydrogen 
under  a press,  of  200  atm.  A.  Mailfert  studied  the  action  of  ozone.  K.  H.  Butler 
and  D.  McIntosh  found  that  the  sulphate  is  insoluble  in  liquid  chlorine  and  has  no 
effect  on  the  b.p.  of  the  liquid.  The  violet  crystals,  said  M.  Traube,  can  be  boiled 
with  alcohol  at  80°  without  passing  into  the  green  salt ; on  the  other  hand, 
A.  Schrotter  said  that  if  a layer  of  alcohol  be  poured  over  the  violet  soln.  contained 
in  a narrow  glass  vessel,  so  as  not  to  mix  the  liquids,  the  aq.  soln.  acquires  a green 
colour  starting  from  above  and  working  downwards  This  is  attributed  to  the 
alcohol  attracting  or  withdrawing  water  from  the  violet  salt  so  as  to  form  the  green 
salt.  According  to  A.  Etard,  cold  monohydrated  nitric  acid,  sulphuric  acid,  and 
phosphorus  trichloride  abstract  water  from  the  violet  solid  or  soln.  forming  the 
green  salt.  The  actual  cause  of  the  colour  change  is  not  certain.  K.  Schorlemmer 
investigated  the  oxidation  of  chromic  salts  to  chromates  by  hydrogen  dioxide. 
A.  Violi  found  that  molten  sulphur  converts  the  sulphate  into  chromic  sulphide 
and  sulphur  dioxide.  According  to  A.  Recoura,  complexes  in  which  acetic 
anhydride  replaces  some  of  the  water  of  hydrated  salts  are  called  acetylated  salts  ; 
such  an  association,  Cr2(S04)3.4H20.4(C2H30)20,  is  formed  by  the  slow  action  of 
finely  powdered  hydrated  chromic  sulphate  on  acetic  anhydride. 

According  to  A.  Recoura,  the  green  hydrate,  which  he  regarded  as  the  hena- 
hydrate,  Cr2(S04)3.llH20,  is  obtained  by  reducing  chromic  acid  in  the  presence  of 
sulphuric  acid,  say,  by  pouring  40  c.c.  of  cone,  sulphuric  acid,  and  35  c.c.  of  95  per 
cent,  alcohol  into  a mush  of  50  grms.  of  chromium  trioxide  and  13  grms.  of  water. 
The  product  is  dried  in  vacuo.  A.  Recoura  obtained  what  he  regarded  as  the 
octohydrate,  Cr2(S04)3.8H20,  by  heating  the  violet  sulphate  to  100°.  A.  Etard, 
and  A.  Colson  said  that  the  product  is  a hexahydrate,  and  G.  N.  Wyrouboff,  a penta - 
hydrate.  According  to  A.  Senechal,  the  air-dried  violet  hydrate,  Cr2(S04)3.14H20, 
begins  to  turn  green  in  vacuo  at  30°,  and  in  air  at  55°  with  the  simultaneous  loss  of 
water.  If  the  product  be  dissolved  in  water,  and  the  violet  sulphate  crystallized 
out  by  cooling  the  soln.  with  ice-water,  there  remains,  on  evaporating  the  soln.  to 
dryness,  hexahydrated  Cr2(S04)3.6H20,  or  [Cr2(S04)3(H20)6].  This  loses  water  at 
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80°,  forming  the  trihydrate,  Cr2(S04)3.3H20,-or  [Cr2(S04)3(H20)3],  and  at  the  same 
time  its  solubility  is  reduced.  The  trihydrate  loses  water  at  150°,  forming  a greyish- 
green  and  then  a greyish-red  product  which  is  insoluble  in  water,  and  loses  all  its 
water  at  400°.  The  mol.  vols.  of  the  sulphates  with  3 to  14  mols.  of  water  are 
additive  ; but  not  so  with  those  containing  less  water.  E.  Moles  and  M.  Crespi 
gave  2-429  for  the  sp.  gr.  of  Cr2(S04.H20)3  at  25°/4°,  and  145  for  the  mol.  vol.  They 
also  found  that  it  lost  3-01  mols.  of  water  at  350°.  F.  Krauss  and  co-workers 
showed  that  the  dehydration  curve  of  the  green  hydrate  is  the  dodecahydrate, 
Cr2(S04)3.12H20,  and  when  heated,  2 mols.  of  water  behave  like  zeolitic  water; 
then  the  hexahydrate,  Cr2(S04)3.6H20,  is  formed  ; and  finally,  at  about  400°,  the 
anhydrous  green  chromate  is  formed.  All  the  water  in  the  green,  amorphous 
pentadecahydrate,  Cr2(S04)3.15H20,  is  zeolitic,  and  is  all  lost  at  400°  and  100  mm. 
Barium  chloride  precipitates  all  the  S04  from  a cold  soln.  of  the  violet  sulphate, 
but  not  completely  from  a warm  soln.  ; the  green  soln.  of  the  dodecahydrate  gives 
up  most  of  the  S04  to  barium  chloride,  and  all  is  given  up  at  100°.  The  cold  soln. 
of  the  green,  amorphous  pentadecahydrate  gives  no  precipitate  with  barium 
chloride,  but  if  the  soln.  be  aged,  or  boiled  for  some  time,  sulphate  is  precipitated. 

According  to  A.  Recoura,  the  hygroscopic  green  sulphate  is  stable,  but  the 
green  aq.  soln.  gradually  becomes  violet.  A freshly  prepared  soln.  is  precipitated 
neither  by  a barium  salt  nor  by  sodium  hydrophosphate  so  that  it  behaves  neither 
like  a sulphate  nor  like  a chromium  salt.  Alkali  hydroxides  precipitate  from  the 
soln.  a basic  salt  with  only  two  sulphate-radicles,  namely,  Cr20(S04)2  ; and  the 
heat  of  formation  is  Cr203aq.-|-2H2S04=Cr203.2S03a(1. ; and  Cr20(S04)2aq.+H2S04 
= — 0-2  Cal.  The  heat  of  transformation  from  the  dissolved  violet  to  the  green 
salt  is  — 23-15  Cals.,  showing  that  the  stable  form  is  the  violet  salt.  The  isomerism 
betvreen  the  green  and  violet  sulphates  is  analogous  to  that  between  the  green  and 
violet  chlorides  or  bromides.  According  to  H.  G.  Denham,  the  green  sulphate  has 
twice  the  mol.  wt.  of  the  violet  salt,  and  its  formula  is  taken  to  be  [Cr4(S04)4](S04)2. 
It  is  strongly  hydrolyzed  in  aq.  soln.  forming,  in  cone,  soln.,  [Cr4(S04)4J(S04)(0H)2, 
and  in  dil.  soln.,  [Cr4(S04)4](OH)4.  The  transformation  from  the  violet  to  the  green 
sulphate  is  represented  : 2Cr2(S04)3=[Cr4(S04)4](S04)2. 

The  basic  or  modified  sulphate  is  a different  case.  Its  soln.  is  obtained  from  the 
violet  salt  when  heated,  but  it  has  not  been  obtained  in  the  crystalline  state— it 
furnishes  a viscid  syrup.  The  modified  soln.  is  obtained  by  heating  the  violet  soln. 
for  a long  time  at  100°,  and  then  cooling  it  rapidly.  In  the  modified  sulphate  one- 
third  of  the  sulphate  can  be  precipitated  by  barium  chloride.  It  is  thought  to  be  a 
complex  base,  [Cr40(S04)4](0II)2.  A.  Colson  said  that  by  heating  a soln.  of  the  violet 
salt,  Cr2(S04)3,  it  is  transformed  into  a pentasulphate,  HS04(CrS04)2-0-(CrS04)2.0H, 
in  which  four  of  the  S04-radicles  are  masked ; if  the  boiling  be  continued  a further 
hydrolysis  occurs,  and  S04Cr.0.0.Cr(S04)2.0.CrS04  is  formed. 

A.  Colson  said  that  there  are  three  type*  of  the  green  sulphate.  These  differ 
in  their  behaviour  towards  soln.  of  barium  chloride,  in  their  heats  of  formation,  and 
in  their  sp.  gr.  The  first  type  has  all  three  SO^-radicles  completely  maslced,  meaning 
that  a soln.  of  a salt  gives  no  precipitate  with  barium  chloride.  It  is  formed  by  the 
action  of  sulphur  dioxide  on  a 5 per  cent.  soln.  of  chromic  acid  cooled  by  a freezing 
mixture;  and  also  by  evaporating  a soln.  of  the  green  salt' in  sulphuric  acid, 
extracting  the  unchanged  violet  salt  by  alcohol  at  75°,  and  evaporating  the  liquid 
in  vacuo.  The  green,  hygroscopic,  transparent  plates,  Cr2(S04)3.6H20,  are  soluble 
in  alcohol  at  75°  but  insoluble  at  92°  ; the  heat  of  formation  is  33  cals.  ; and 
when  the  soln.  has  stood  for  about  3 days,  it  passes  into  a soln.  of  the  second  type 
in  which  two  of  the  three  radicles  are  masked,  meaning  that  barium  chloride 
precipitates  from  the  aq.  soln.  only  one-third  of  the  contained  sulphate.  ’ B.  Cabrera 
and  S.  P.  de  Rubies  found  that  the  electrical  conductivity  and  unmasking  of  the 
S04-radicles  of  a soln.  of  the  salt  increase  in  a parallel  way  on  keeping  ; no  appreci- 
able change  in  magnetic  susceptibility  occurs.  The  evaporation  of  the  aged  soln. 
in  vacuo  gives  a salt,  Cr(S04)3.8H20,  resembling  that  with  three  masked  S04- 
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radicles.  It  loses  water  over  phosphorus  pentoxide  in  vacuo,  and  then  consists  of 
Cr2(S04)3.7fH20.  Its  heat  of  formation  is  36-6  Cals.  An  isomeric  form  with  two 
masked  S04-radicles  is  said  to  be  obtained  by  heating  the  violet  sulphate  to  90° 
and  keeping  the  residue  in  water  for  3 or  4 days  below  5°.  The  two  forms  are  said 
to  differ  in  their  heats  of  reaction  with  barium  chloride,  and  in  the  electrical  con- 
ductivity of  their  soln.  In  the  third  type  one  only  of  the  three  >S04- radicles  is  masked, 
for,  when  the  aq.  soln.  is  treated  with  barium  chloride,  two-thirds  of  the  contained 
sulphate  is  precipitated.  This  salt,  Cr2(S04)3.7JH20,  is  prepared  by  the  long- 
continued  action  of  water  on  either  of  the  two  former  types  ; or  by  precipitating 
hydrated  chromic  oxide  from  either  soln.,  dissolving  the  product  in  sulphuric  acid, 
and  evaporating  the  soln.  in  vacuo.  The  heat  of  formation  is  43-5  Cals. 

It  will  be  observed  that  the  second  and  third  types  are  formed  by  the  pro- 
gressive hydrolysis  of  the  first  type,  and  that  there  is  simultaneously  a change  in 
the  sp.  gr.,  f.p.,  conductivity,  and  other  properties  of  the  soln.  It  is  therefore 
assumed  that  the  first  type  is  to  be  regarded  as  CT2(S04)3.wH20,  or  [Cr2(S04)3].nH20  ; 
the  second,  as  Cr2(S04)3(H20).«H20,  or  [Cr2(H20)(S04)2]S04.wH20  ; and  the  third, 
as  Cr2(S04)3(H20)2.«H20,  or  [Cr2(H20)2S04|(S04)2.wH20  ; while  the  violet  sulphate 
which  has  no  masked  S04-radicles  is  considered  to  be  Cr2(S04)3(H20)3.wH20,  or 
[Cr2(H20)3](S04)3.wH20.  Each  mol.  of  constitutional  water  is  said  to  unmask  one 
S04-radicle.  According  to  the  co-ordination  theory,  these  four  sulphates  can  be 
represented : 

[Cr2(H20)i2](S04)3  [Gr2(H2O)10(>SO4)](SO4)2  [Cr2(H20)8(S04)2]S04  [Cr2(H20)8(S04)3] 

JS04-masked.  §S04-maskeil.  All  S04-maske<l. 

s V ' 

Violet  sulphate.  Green  sulphate. 

It  is  of  course  possible  that  intermediate  products  are  formed.  A.  Colson 
supposed  that  a cold  Soln.  of  chromic  sulphate  is  an  equilibrium  mixture  of  the 
violet  sulphate  and  three  green  sulphates  : Cr2(S04)3.6H20,  Cr2(S04)2(0H)(HS04), 
and  Cr2(S04)(0H)2(HS04)2.  Whatever  be  the  nature  of  the  complex  salts  existing 
in  soln.,  a state  of  equilibrium  is  ultimately  attained  and  this  is  dependent  on  the 
concentration  and  temp,  of  the  liquid.  T.  W.  Richards  and  F.  Bonnet  showed 
that  the  reactions  which  occur  are  reversible,  for  if  025iWsoln.  of  the  green  and 
violet  salts  are  kept  for  a month  at  30°,  the  amount  of  acid  present,  as  indicated 
by  the  effect  of  the  soln.  on  the  inversion  of  cane-sugar,  is  the  same  in  both  cases, 
and  approximates  0-043iY.  At  50°,  the  acid  so  produced  approximates  to  about 
OKW,  and  at  100°,  to  0-13/V.  This  shows  that  the  hydrolytic  equilibrium  varies 
with  the  temp.  The  kinetics  of  the  reactions  have  not  been  closely  investigated, 
but  some  observations  by  A.  Colson  showed  that  the  reactions  are  very  slow  at 
ordinary  temp.  ; they  are  faster  with  warmer  soln.,  and  at  100°,  the  transformation 
into  the  modified  salt  occupies  a few  minutes.  A.  Kling  and  co-workers  measured 
the  variation  with  time  of  the  amount  of  sulphuric  acid  in  the  soln.  precipitable  by 
benzidine  hydrochloride,  the  lowering  of  the  f.p.  and  the  'electrical  conductivity 
of  0-5Ar-green  Cr2(S04)4.  It  was  found  that  during  the  first  twenty-four  hours 
after  the  preparation  of  the  soln.  no  sulphate  precipitate  is  obtainable,  but  after 
that  time  the  amount  increases  at  first  rapidly,  and  then  gradually  with  passage 
of  time.  The  mol.  lowering  of  the  f.p.  and  the  electrical  conductivity  at  first  increase 
rapidly,  even  before  the  presence  of  the  S04"-ion  can  be  detected,  and  then  attain  a 
value  which  remains  almost  constant  during  the  rest  of  the  experiment.  The 
green  soln.  of  chromium  sulphate  tend  towards  a state  of  equilibrium,  which  is  a 
function  of  the  temp,  and  cone.,  and  is  the  state  towards  which  the  violet  soln.  of 
the  same  cone,  gradually  pass.  The  properties  of  the  chromium  sulphate  liquors 
with  respect  to  their  masked  sulphate  groups  were  studied  by  W.  Schindler  and 
K.  Klanfer,  E.  Stiasny  and  co-workers,  R.  Reinicke,  H.  B.  Merrill  and  co-workers, 
and  G.  Grasser. 

By  cooling  cone.  soln.  of  the  violet  salt  crystals  of  that  salt  can  be  readily 
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obtained,  but  with  soln.  of  the  green  salt,  or  of  the  so-called  modified  salt,  only 
gummy  or  glassy  masses  are  obtained.  A.  W.  F.  Sprung  found  the  sp.  gr.  of  a 24  per 
cent.  soln.  of  the  violet  salt  to  be  1*1619,  when  that  of  the  modified  salt  is  1*1486  ; 
and  P.  A.  Favre  and  C.  A.  Valson  gave  1*0600  for  a IV-soln.  of  the  violet  salt  at  15°  ; 
and  1*0556  with  the  modified  salt  at  14*9°.  G.  T.  Gerlach  found  the  sp.  gr.  of 
green  soln.  to  be  greater  than  those  of  violet  soln. ; and  he  gave  for  the  sp.  gr.  at 
15°/15°  of  violet  soln.  with  the  following  percentage  proportions  of  Cr2(S04)3  : 

Cr2(S04)3  . 2-74  548  10-96  16-44  21-92  27-40  38-36  43-84 

s i Green  1-0275  1-0560  1-1150  1-1785  1-2480  1-3250  — — 

p,g  \ Violet  — 1-0510  1-1070  1-1680  1-2340  1-3055  1-4650  1-5530 

According  to  A.  Colson,  an  expansion  occurs  when  a soln.  of  the  violet  salt  passes 
into  a soln.  of  the  modified  salt,  and  conversely  the  sp.  gr.  of  a soln.  of  the  green 
salt  is  intermediate  between  those  of  a soln.  of  the  violet  and  of  the  modified  salt. 
M.  A.  Graham  found  for  the  sp.  gr.  of  soln.  containing  the  following  proportions 
of  Cr2(S04)3  per  litre  : 


Cr2(S04)3 

0° 

10° 

O 

O 

30° 

O 

O 

50° 

40*14  . 

. 1-0394 

1-0391 

1-0369 

1-0342 

1-0292 

1-0242 

63-39  . 

. 1-0617 

1-0602 

1-0585 

1-0585 

1-0512 

1-0462 

83-77  . 

. — 

— 

1-0763 

1-0763 

1-0680 

1-0628 

126-30  . 

. — 

— 

1-1160 

1-1160 

1-1062 

1-1002 

The  soln.  develop  a green  colour  at  40°  and  50°  so  that  the  solute  is  doubtless  a 
mixture  of  the  green  and  violet  salts.  A.  W.  F.  Sprung  found  that  the  viscosity 
of  the  violet  soln.  is  much  greater  than  is  the  case  with  eq.  soln.  of  the  modified 
salt ; M.  A.  Graham  obtained  the  following  values  for  the  viscosities  of  soln.  con- 
taining the  indicated  number  of  grams  of  Cr2(S04)3  per  litre  : 


Cr2(S04)3 

10° 

20° 

25° 

30° 

O 

O 

50° 

19-64  . 

. 0-01577 

0-01198 

0-01062 

0-00955 

0*00776 

0-00640 

40-14  . 

. — 

0-01200 

0-01065 

0-00953 

0*00774 

0-00643 

63-39  . 

. 0-01815 

0-01355 

0-01202 

0-01076 

0-00874 

0-00787 

83-77  . 

. 0-02028 

0-01539 

0-01396 

0-01206 

0-06975 

0-00795 

126-30  . 

. 0-02705 

0-02072 

0-01827 

0-01621 

0-01301 

0-01041 

The  same  remarks  apply  to  these  results  as  to  those  given  with  respect  to  the  sp.  gr. 
at  40°  and  50°.  G.  D.  van  Cleefl  observed  that  in  the  dialysis  of  soln.  of  the  salt 
the  dialyzed  part  contains  more  acid  than  the  part  which  remains  ; this  was  con- 
firmed by  M.  D.  Dougal,  and  T.  W.  Richards  and  F.  Bonnet  found  that  when  a 
violet  soln.  of  chromium  sulphate  is  subjected  to  dialysis,  the  ratio  Cr/S04  of  the 
salt  that  has  diffused  and  the  salt  that  has  remained  ifi  the  dialyzer  is  the 
same  in  both.  When,  however,  a green  soln.  of  chromium  is  similarly  treated, 
the  ratio  Cr/S04  diminishes  in  the  diffused  portion  and  increases  in  the  dialyzer — 
an  observation  in  favour  of  the  view  that  the  change  from  violet  to  green  involves 
a hydrolysis  with  formation  of  free  acid  and  a soluble  basic  salt. 

The  lowerings  of  the  f.p.  of  violet  soln.  of  the  sulphate  have  been  measured  by 
A.  Colson,  H.  G.  Denham,  and  H.  C.  Jones  and  E.  Mackay.  The  last-named  found 
that  for  soln.  with  0-025,  0*050,  0-10,  and  0*250  mol  per  litre,  the  f.p.  was  —0*121°, 
—0*230°,  —0*417°,  and  — 1*029°.  The  results  indicate  that  for  the  most  dil.  soln., 
five  ions  per  mol.  are  formed.  For  0*083AT-soln.  of  the  modified  sulphate,  H.  G.  Den- 
ham gave  —0*420°  for  the  f.p.  of  the  modified  soln.,  and  A.  Colson,  for  very  rapidly 
cooled  modified  0*1  N-  and  0*2A-soln.,  respectively  —0*45°  and  —0*85°.  H.  G.  Den- 
ham also  measured  the  f.p.  of  sulphuric  acid  soln.  The  results  show  that  the  f.p. 
of  the  modified  soln.  is  less  than  that  of  the  violet  soln.,  and  if  the  hydrolysis  of 
the  salt  is  hindered  by  the  presence  of  sulphuric  acid,  the  apparent  moi.  wt.  of  the 
modified  sulphate  is  greater  than  that  of  the  violet  salt.  T.  W.  Richards  and 
F.  Bonnet,  and  M.  A.  Graham  examined  the  f.p.  of  mixed  soln.  of  chromium  sulphate 
and  cane-sugar.  H.  G.  Denham  observed  that  the  f.p.  of  soln.  of  ^N-soln.  of 
violet  and  modified  sulphate  sat.  with  hydrated  chromic  oxide  are  respectively 
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— 0-335°  and  — 0-268°.  The  results  are  taken  to  show  the  existence  of  a complex 
Cr4-cation  is  formed,  but  migration  experiments  do  not  agree  with  the  view  that  the 
complexity  is  due  to  the  presence  of  such  a complex.  A.  Colson  found  that  soln. 
freshly  prepared  in  the  cold  from  the  solid  green  sulphate  show  a small  depression 
of  the  f.p.  which  rapidly  rises  until  a value  corresponding  with  that  required  for  the 
violet  soln.  is  attained.  K.  Flick  studied  the  thermal  decomposition  of  solid 
chromic  sulphate. 

According  to  A.  Recoura,  the  heat  of  transformation  of  a mol  of  the  dissolved 
green  sulphate  into  the  modified  sulphate  is  4-2  Cals.,  and  into  the  violet  sulphate, 
23-15  Cals.,  so  that  the  heat  of  transformation  of  a mol  of  the  modified  to  the 
violet  sulphate  in  soln.,  is  18-95  Cals,  per  mol.  When  a mol  of  dissolved  sodium 
hydroxide  is  added  to  a mol  of  chromic  sulphate  in  12  litres  of  a modified  soln.,  1561 
Cals,  are  developed,  while  the  addition  of  more  sodium  hydroxide  develops  only  a little 
more  heat ; a mol  of  sodium  hydroxide  neutralizes  only  one-sixth  of  the  sulphuric 
acid,  and  |H2S04  in  12  litres  of  soln.  with  a mol  of  NaOH  in  2 litres  develops  15-63 
Cals.,  it  follows  that  about  one-sixth  the  sulphuric  acid  was  present  in  the  soln. 
as  free  acid.  A.  Colson  came  to  the  same  conclusion  because  he  found  that  a mol 
of  Cr2(S04)3  in  modified  soln.  with  ABa(OH)2  develops  18-7  Cals.,  while  £H2S04 
+^Ba(OH)2  develops  18-5  Cals.  A mol  of  chromic  sulphate  in  a green  soln.  with 
no  precipitable  S04,  with  6 mols  of  potassium  hydroxide  develops  61  ’05  Cals.,  so 
that  the  heat  of  neutralization  of  the  precipitated  hydroxide  with  3H2S04  is  3312 
Cals.  ; a similar  soln.  with  one-third  precipitable  S04  develops  with  6KOH,  57-6 
Cals.,  and  the  heat  of  neutralization  of  the  precipitated  hydroxide  with  sulphuric 
acid  is  36-6  Cals.  Likewise  with  a mol  of  chromic  sulphate  with  two-thirds  pre- 
cipitable S04  and  6KOH  develops  43'5  Cals.  With  the  violet  soln.  where  all  the 
S04  is  precipitable,  each  S04  develops  6-65  Cals.,  for  H2S04-f  BaCl2=BaS04 
— f- 2 II Cl +95  Cals.  Otherwise  expressed,  with  a mol  of  Cr2(S04)3  in  modified  soln., 
the  addition  of  ^ a mo'l  of  BaCl2  develops  7-20  Cals,  per  mol  of  BaCl2,  and  with  another 
2 mol  of  BaCl2,  7 -06  Cals,  per  mol  of  BaCl2  ; and  with  yet  another  4 mol  of  BaCl2, 
0-15  Cal.  Accordingly,  only  one-third  of  the  total  sulphate  reacts  with  barium 
chloride.  Using  a mol  of  Cr2(S04)3  in  an  aged  green  soln.,  the  addition  of  one  mol 
of  BaCJ2  develops  7'1  Cals.  ; 2 mols,  14-1  Cals.  ; and  3 mols,  14  7 Cals.  This  shows 
that  two-thirds  of  the  total  S04  is  precipitated.  According  to  A.  Kling  and  co- 
workers, a fresh  soln.  of  a mol  of  chromic  sulphate,  in  ice-cold  water,  exhibits  no 
thermal  change. 

L.  R.  Ingersoll  found  for  Verdet’s  constant  for  the  electro-magnetic  rotatory 
power  for  light  of  wave-length  0-8,  1-0,  and  l-25jU,,  respectively  0-0067,  0-0045, 
and  0-0028  for  soln.  of  chromic  sulphate  of  sp.  gr.  1-140.  The  absorption  spectra 
of  violet  and  green  soln.  of  chromic  sulphate  were  examined  by  D.  Brewster, 
H.  F.  Talbot,  W.  N.  Hartley,  J.  M.  Hiebendaal,  O.  Knoblauch,  W.  Bohlendorff, 
A.  Btard,  G.  Massol  and  A.  Faucon,  Y.  Shibata  and  H.  M.  Vernon.  H.  C.  Jones, 
and  W.  W.  Strong  found  that  with  soln.  of  the  violet  sulphate  at  5°,  the  three 
characteristic  chromium  bands  appear — viz.,  the  ultra-violet  band  extending  to 
A=2800  ; the  bluish-violet  band  from  A=4100  to  4450 ; and  the  yellowish-green 
band  from  A=5500  to  A— 6200.  The  bands  at  A =6800  are  very  faint.  The  absorp- 
tion in  the  visible  spectrum  is  very  strong.  At  82°,  the  ultra-violet  band  extends 
to  A=2900,  the  bluish-violet  band  from  A=4100  to  4550,  and  the  yellowish-green 
band  from  A=5500  to  6300.  The  effect  of  a rise  of  temp,  is  therefore  very  small, 
usually  involving  a shifting  of  the  long  wave-length  edges  of  all  three  bands  towards 
the  red.  M.  A.  Graham  found  that  the  ultra-violet  absorption  spectra  of  green  and 
violet  soln.  indicate  that  the  change  in  colour  which  occurs  is  not  due  to  simple 
hydrolysis,  but  is  the  result  of  a process  involving  both  hydrolysis  and  a change 
in  structure.  T.  Svensson  found  that  the  electrical  conductivity  of  soln.  of  chromic 
sulphate  slowly  decreases  in  light. 

The  mol.  electrical  conductivity  of  the  violet  soln.  has  been  determined  by 
P.  Walden,  W.  R.  Whitney,  A.  Gubser,  M.  A.  Graham,  A.  Colson,  and  H.  C.  Jones 
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and  E.  Mackay.  L.  G.  Winston  and  H.  C.  Jones  observed  for  violet  soln.,  the  mol. 
conductivity,  p,  mhos,  for  soln.  of  a mol  of  the  salt  in  v litres,  and  a,  the  percentage 
ionization, 
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E.  J.  Schaefer  and  H.  C.  Jones 

made  observations  at  higher  temp.,  but  the  results 

are  affected  by  the  change  from  the  violet  to  the  green  sulphate  between  40°  and 

50°.  H.  H.  Hosford  and  H.  C.  Jones  gave 

for  a modified  green  soln.  : 
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M.  A.  Graham  gave  for  violet  and  the  modified  green 

soln.  : 
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W.  R.  Whitney  observed  that  the  modified  green  soln.  has  a higher  conductivity 
than  the  violet,  thus,  3102V-Cr2(S04)3  has  a sp.  conductivity  0-001489  in  the  violet 
state  at  25°  and  0’001927  in  the  modified  green  state.  He  also  found  that  the  con- 
ductivity with  the  addition  of  increasing  proportions  of  sodium  or  barium  hydroxide 
decreases  to  a minimum  and  thereafter  increases.  With  a .^N-soln.,  at  25°,  the 
minimum  is  reached  when  the  added  sodium  hydroxide  is  eq.  to  £th  of  the  total 
sulphate  present,  or  when  the  added  barium  hydroxide  is  eq.  to  one-third  the  total 
sulphuric  acid.  Hence,  it  is  assumed  that  one-sixth  of  the  sulphate  in  the  green 
soln.  is  present  as  free  sulphuric  acid,  and  one-third  as  S04"-ions.  This  is  in  agree- 
ment with  A.  Recoura’s  assumption  that  the  formation  of  the  green  soln.  is  attended 
by  the  formation  of  the  salt  [Cr40(S04)4]S04.  A.  W.  Thomas  and  M.  E.  Baldwin 
studied  the  H'-ion  cone,  of  soln.  of  chromic  sulphate.  During  the  passage  of  an 
electric  current  through  a soln.  of  the  violet  sulphate,  chromium  passes  to  the 
cathode  ; but  in  a soln.  of  the  modified  salt,  the  hydrogen  ions  migrate  to  the 
cathode  much  more  quickly.  T.  W.  Richards  and  F.  Bonnet,  and  H.  G.  Denham 
found  that  no  chromium  goes  to  the  anode  in  a modified  green  soln  so  that  no 
complex  acid-ions  are  formed.  The  basic  complex  in  the  modified  soln.  seems  to 
carry  only  one  positive  charge  and  has  a transport  number  of  41  when  that  of  S04" 
is  70.  F.  C.  Thompson  and  W.  R.  Atkin  suggested  that  the  active  agent  in  tanning 
with  chromic  sulphate  soln.  is  a negatively  charged  chromium  complex,  but 
F.  L.  S.  Jones  found  that  electrophoresis  experiments  on  normal  and  basic  soln. 
of  chromic  chloride  and  sulphate  and  of  chrome-alum  showed  that  anodic  migration 
of  chromium  occurs  only  in  basic  sulphate  soln.,  and  therefore  no  such  negative 
complex  can  exist  in  soln.  of  the  chloride  or  of  chrome  alum.  The  subject  was 
studied  by  H.  B.  Merrill  and  J.  G.  Niedercorn.  P. -Philipp  found  the  magnetic 
susceptibility  ranged  from  31-93xl0-6  mass  units  for  soln.  of  sp.  gr.  1-3453  to 
33-04  X 10-6  mass  units  for  soln.  of  sp.  gr.  1-03086.  T.  Ishiwara,  and  K.  Honda 
and  T.  Ishiwara  gave  for  the  anhydrous  salt  13-3xl0_fi  at  15-7°,  and  9-7  xl0~6 
mass  units  at  300°  ; and  for  the  enneahydrate,  4-5  X 10_e  mass  units  at  16-9°,  and 
7-4x10-6  at  434-8°. 

According  to  F.  P.  Venable  and  F.  W.  Miller  both  the  violet  and  the  green, 
modified  soln.  are  acid  towards  indicators  owing  to  the  hydrolysis.  A.  Recoura 
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observed  that  distilling  the  aq.  soln.  furnishes  an  acidic  distillate,  while  the  dried 
salt  does  not  lose  acid  at  100°.  M.  Kruger  also  found  that  alcohol  poured  over  the 
green  soln.  takes  up  acid.  F.  P.  Venable  and  F.  W.  Miller  observed  that  eq. 
violet  and  green  soln.  required  nearly  the  same  amount  of  11„V-NH4OH  to  produce 
the  first  appearance  of  a permanent  precipitate.  Their  conclusion  was  that  the  two 
soln.  must  therefore  contain  nearly  the  same  proportion  of  acid,  but  as  W.  R.  Whit- 
ney pointed  out,  the  conclusion  is  wrong  because  alkali  and  ammonium  hydroxides 
or  carbonate  turn  the  violet  soln.  green,  and  this  change  in  colour  precedes  the 
formation  of  the  permanent  precipitate.  C.  R.  C.  Tichborne  observed  that  if  a 
soln.  of  chromic  sulphate  be  heated  to  177°  under  press,  for  2 to  3 hrs.,  a precipitate 
of  a basic  sulphate  is  formed.  G.  Powarnin  found  that  in  dil.  soln.,  chromium 
sulphate  is  more  strongly  hydrolyzed  than  aluminium  sulphate  ; and  that  the 
hydrolysis  is  decreased  in  the  presence  of  S04''-ions  or  Cl'-ions,  and  also  by  alcohol 
and  formaldehyde.  Many  others  have  observed  the  hydrolysis  of  soln.  of 
chromic  sulphate.  H.  G.  Denham  measured  the  e.m.f.,  7i’,  (H  zero)  of  the  cell 
H2  | Cr2(S04)3vio.etNH4N03  | calomel  electrode,  and  calculated  the  H'-ion  cone.,  [H'J, 
and  the  percentage  hydrolysis,  x,  as  well  as  the  ionization  constant,  K,  where 
K1=[Cr(S04)(0H)][H']/[Cr(S04)'],  obtained  from  the  hydrolytic  reactions : 
Cr2(S04)3+2H2CM2Cr(S04)0H-|-H2S04,  or  Cr(S04)'+H20^Cr(S04)(0H)+H', 
for  soln.  of  a mol  of  Cr2(S04)3  in  v litres,  at  25°, 
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0-24 
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0-26 


16 
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0-26 


32 

-0-1604 
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3-05 

0-30 


64 

-0-1713 

0-125 

4-00 

0-26 


128 

-01653 

0-158 

10-10 

0-88 


The  great  increase  in  the  ionization  constant  with  high  dilution  is  taken  to  mean 
that  another  stage  in  the  progressive  hydrolysis  occurs,  namely,  Cr2(S04)  ’+4H20 
^Cr2(S04)(0H)4-|-4H',  'for  which  be  found  that  A2=[H’]4[Cr2(S04)(0H)4]- 
[Cr2(S04)'”‘],  or  FT2=0-129  X 10~14.  H.  M.  Vernon  estimated  the  degree  of 
ionization  from  the  colour.  M.  A.  Graham  calculated  from  the  conductivity  of 
the  violet  soln.  that  the  percentage  hydrolysis  is  : 


v . . 32  64  128  256  512  1024 

x . . 1-78  3-19  4-76  8-08  16-24  33-98 


At  0°,  the  violet  soln.  is  only  slightly  hydrolyzed.  The  hydrolysis  calculated  from 
the  effect  on  the  velocity  of  inversion  of  cane  sugar  shows  that  the  change  from 
violet  to  green  is  much  more  rapid  than  the  reverse  process.  A.  Recoura  found 
from  the  thermal  data  that  in  the  modified  green  -iV-soln.,  about  one-sixth  of  the 
total  sulphuric  acid  is  free  • and  W.  R.  Whitney  observed  the  effect  of  soln.  of  chro- 
mic sulphate  on  the  hydrolysis  of  methyl  acetate,  and  concluded  that  the  green 
soln.  possesses  a hydrolyzing  power  equal  to  that  of  a mixture  of  one-sixth  the 
eq.  of  free  acid,  with  the  corresponding  amounts  of  the  violet  salt.  The  effects 
on  the  rate  of  inversion  of  cane  sugar  were  too  complex  to  enable  a calculation  to 
be  made  of  the  degree  of  hydrolysis  of  the  soln.  H.  G.  Denham  calculated  data 
for  green  modified  soln.  as  in  the  case  above  cited  for  violet  soln.  and  found 
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37-1 
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0-18 
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— 

— 

— 

The  value  of  x is  calculated  on  the  assumption  that  the  reaction  is  [Cr4(S04)4](S04)2 
+4H20^2H2S04+[Cr4(S04)4](0H)4 ; and  Kx  is  calculated  for  the  formation 
of  [Cr4(S04)4](S04)(0H)2.  As  in  the  case  of  the  violet  soln.,  M.  A.  Graham  calcu- 
lated for  the  hydrolysis  of  the  green  modified  soln.,  by  the  conductivity  method, 

v . . 16  32  64  128  256  -512  1024 

a:  . 17-02  22-04  27-68  33-42  40-74  51-10  60-49 
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In  both  cases  M.  A.  Graham’s  results  are  lower  than  those  of  H.  G.  Denham.  The 
hydrolyses  calculated  from  the  effect  on  the  inversion  of  cane  sugar  for  soln.  with 
v=5  and  10,  are  respectively  8-39  and  6-84  per  cent.,  but  the  results  are  not  so 

trustworthy.  H.  T.  S.  Britton  calculated  that 
a violet  0-0050 Af-soln.  of  chromic  sulphate  was 
hydrolyzed  to  the  extent  of  2T6  per  cent.,  and 
a green  0-0067M-soln.,  28-7  per  cent.  The 
electrometric  titration  curve  is. shown  in  Fig.  79. 
W.  J.  Chater  and  J.  S.  Mudd  found  a change  in 
the  pn  value  at  2-3  and  basicity  124.  T.  Svensson 
observed  that  a cell  of  chromic  sulphate  soln. 
gives  an  increased  e.m.f.  when  illuminated.  The 
change  owing  to  the  presence  of  neutral  salt  is 
dependent  on  the  basicity.  The  difference  in 
acidity  caused  by  the  neutral  salt  is  a minimum 
at  basicity  124.  N.  Demassieux  and  J.  Hey- 
rovsky  obtained  analogous  polarization  curves 
with  chromic  sulphates  as  were  obtained  with 
the  chlorides  ( q.v .). 

The  penetration  of  gelatin  jelly  by  chromium  sulphate  soln.  is  greater  the  greater 
the  acidity.  From  his  observations  of  the  physical  properties  of  the  soln.,  and  on 
those  of  T.  W.  Richards  and  F.  Bonnet,  H.  G.  Denham  inferred  that  when  the 
violet  soln.  is  heated,  the  salt  undergoes  hydrolysis  in  the  ordinary  way ; it  is 
assumed  that  two  mols.  of  the  salt  unite  to  form  a complex : 2Cr2(S04)3 

=[Cr4(S04)4](S04)2,  and  that  the  complex  then  hydrolyzes  : [Cr4(S04)4](S04)2 
+2H20^[Cr4(S04)4]S04(0H)2-|-H2S04  with  up  to  4oM-soln.,  and  on  further  dilu- 
tion : [Cr4(S04)4](S04)2+4H20=2H2S04+[Cr4(S04)4(0H)4].  D.  M.  Yost  studied 
the  rate  of  oxidation  of  soln.  of  chromic  sulphate  by  potassium  persulphate  (q.v.). 

F.  Hans  found  that  chromic  salts  and  silver  salts  (if  soluble  enough)  react  in  accord 
with  Cr203+3Ag20=2Cr03-f  6Ag.  J.  Poizat  studied  the  action  of  chromic  sulphate 
on  the  decomposition  of  hydrogen  dioxide.  W.  R.  Hodgkinson  and  C.  C.  Trench 
observed  that  chromium  sulphate  is  reduced  to  a mixture  of  oxide  and  sulphide 
when  heated  in  ammonia.  F.  Feigl  found  that  a boiling  soln.  of  chromic  sulphate 
in  alkali-lye  is  oxidized  to  chromate  by  charcoal  (with  oxygen  in  the  pores)  ; and 

G.  Fuseya  and  co-workers  discussed  the  formation  of  complex  cations  with  chromic 
sulphate  and  glycine.  W.  Manchot  and  co-workers  showed  that  soln.  with  22-356 
and  44-712  grms.  Cr2(S04)3  per  100  c.c.  dissolve  respectively  31-8  and  18-2  c.c.  of 
nitrous  oxide  per  100  c.c.  of  soln.,  and  respectively  56-7  and  32-4  c.c.  of  acetylene. 

L.  N.  Yauquelin,  J.  J.  Berzelius,  A.  Schrotter,  M.  Siewert,  H.  Schiff,  R.  Bunsen, 
and  C.  R.  C.  Tichborne  obtained  precipitates  of  basic  salts  by  the  action  of  water 
on  soln.  of  chromic  hydroxide  in  sulphuric  acid.  In  some  cases  the  composition 
of  the  product  approximated  to  3Cr203.2S03  ; H.  SchifE  obtained  one  approximating 
3Cr203.4S03.12H20  ; and  M.  Siewert,  precipitates  approximating  to  5Cr203.8S03, 
and  to  5Cr203.12S03.  There  is  nothing  to  show  that  these  products  are  anything 
more  than  arbitrary  stages  ip  the  progressive  hydrolysis  of  chromic  sulphate. 

H.  Schiff  also  obtained  chromic  dioxysulphate,  Cr202S04.nH20,  by  dissolving  a 
precipitated  basic  salt  in  dil.  hydrochloric  acid,  and  after  diluting  the  soln.,  boiling 
it  for  some  hours.  A.  Werner  regarded  it  as  chromic  dihydroxytetraquosulphate, 
[Cr(0H)2(H20)4]2S04,  and  obtained  it  by  adding  10  grms.  of  pyridine  to  a soln. 
of  20  grms.  of  chrome-alum  and  30  grms.  of  sodium  sulphate  in  300  grms.  of  water. 
The  pale  green,  silky  needles  are  but  slightly  soluble  in  water,  and  with  organic 
and  mineral  acids  form  hexaquo-salts  of  the  type  [Cr(H20)6]X3.  O.  Grimm’s 
observations  on  the  chlorides  are  also  applicable  here. 

A.  Schrotter  found  that  when  dil.  sulphuric  acid  sat.  with  hydrated  chromic 
oxide  is  boiled  for  a long  time  and  concentrated  it  furnishes  a green  soln.  which  is 
acidic  to  test-paper,  and  leaves  on  drying  a green,  amorphous  mass  from  which 
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the  whole  of  the  sulphate  is  expelled  by  ignition.  H.  Schiff  added  that  at  100°, 
four  mols.  of  water  are  given  off  and  at  a higher  temp.,  one  mol.  A.  Schrotter  gave 
the  formula  of  the  compound  dried  at  50°  to  60°,  2Cr(0H)S04.4H20,  but  H.  Schiff, 
in  agreement  withH.  Lowel,gave  Cr2(0H)4S04.4H20,  chromic  tetrahydroxysulphate 
A.  Schrotter  found  that  a soln . of  the  salt  appears  ruby-red  viewed  by  transmitted 
sunlight,  or  candle-light ; and  H.  F.  Talbot  added  that  if  the  soln.  which  appears 
green  by  day-light,  and  red  by  candle-light  be  introduced  into  a prism  with  a 
refracting  angle  of  5°  or  10°,  and  then  placed  between  the  eye  and  the  candle-flame, 
red  and  blue  images  of  the  candle  appear,  and  the  rest  of  the  visible  spectrum  is 
absorbed  so  that  a kind  of  double  refraction  is  produced.  If  the  soln.  be  placed 
in  a bottle  and  viewed  by  transmitted  light,  the  two  images  overlap,  the  green 
predominates  by  daylight,  and  the  red,  by  candle-light.  A cone.  soln.  of  the 
sulphate  is  rendered'  turbid  by  the  addition  of  water,  depositing  the  more  basic 
3 : 2-sulphate,  and  becoming  paler  in  proportion  to  the  amount  ol  water  added. 
On  evaporation,  however,  the  precipitate  redissolves — when  the  dil.  soln.  filtered 
from  the  precipitate  is  heated,  it  deposits  more  of  the  3 : 2-sulphate,  which  again 
disappears  on  boiling.  A soln.  of  sp.  gr.  1-219  and  upwards  deposits  nothing  when 
heated  ; a soln.  of  sp.  gr.  1-166  becomes  turbid  at  57°  ; a soln.  of  sp.  gr.  1-037 — 1-031, 
at  64°  ; one  of  sp.  gr.  1-002,  at  45°  ; and  one  of  sp.  gr.  1-001,  at  55°  ; while  still 
more  dil.  soln.  remain  clear  when  boiled.  According  to  H.  Lowel,  if  the  green 
soln.  be  treated  with  as  much  acid  as  it  already  contains,  ammonia  then  produces  a 
dark  green  precipitate  which  is  only  slightly  soluble  in  ammonia.  M.  Siewert 
found  that  when  soln.  of  the  violet  salt  is  boiled  with  an  excess  of  hydrated  chromic 
oxide,  and  the  green  soln.  evaporated  almost  to  the  point  of  solidification,  it  becomes 
turbid  when  water  is  added,  but  clarifies  again  on  evaporation.  Absolute  alcohol 
precipitates  from  the  soln.  a green  syrup  of  the  1 : 2-sulphate,  and  it  forms  a clear 
soln.  with  water.  The  soln.  does  not  become  turbid  when  boiled,  but  gives  the 
1 : 2-sulphate  as  a precipitate  when  alcohol  is  added.  B.  Cabrera  and  S.  P.  de  Rubies 
studied  the  magnetic  qualities  of  green  and  violet  chromic  oxydisulphate, 
Cr20(S04)2.wH20,  and  found  that  they  change  when  the  soln.  is  kept  for  some 
time.  It  is  suggested  that  this  is  due  to  the  changes : [Cr2(S04)20]->[Cr2(S04)0]S04 
->[Cr20](S04)2.  According  to  L.  and  P.  Wohler  and  W.  Pliiddemann,  the  oxydi- 
sulphate, obtained  by  heating  the  basic  sulphate  to  280°  in  a current  of  carbon 
dioxide,  has  a dissociation  press,  of  91  mm.  at  340°,  and  191  mm.  at  372°  ; and 
the  heat  of  dissociation  is  21-97  Cals.  Likewise,  chromic  trioxytrisulphate, 
Cr403(S04)3,  obtained  by  heating  the  basic  sulphate  to  450°  or  460°  in  a current 
of  carbon  dioxide,  has  a dissociation  press,  of  146  mm.  at  640°,  and  400  mm.  at  660°  ; 
the  heat  of  dissociation  is  61-62  Cals. 

According  to  A.  Colson,  chromic  oxypentasulphate,  Cr40(S04)5.wH20,  with 
two  masked  SO^-radicles  is  obtained  by  treating  a cold  soln.  of  100  grms.  of  chrome- 
alum  in  4 litres  of  water  of  ammonia  ; digesting  an  excess  of  the  washed  precipitate 
in  sulphuric  acid  ; and  evaporating  the  soln.  in  vacuo.  Only  three  of  the  five  sulphate 
radicles  are  precipitated  from  a soln.  of  the  salt  by  barium  chloride.  The  salt  in 
alcoholic  soln.  has  the  same  composition  as  the  solid.  If  the  soln.  of  this  salt  is 
slowly  crystallized,  by  evaporation  in  dry  air,  it  yields  the  oxypentasulphate, 
Cr40(S04)5.12H20,  with  three  masked  SO ^-radicles.  A.  Colson  said  that  when  a 
soln.  of  the  violet  sulphate  is  heated,  it  forms  the  oxypentasulphate, 
HS04(CrS04)2.0.(CrS04)2.0.CrS04,  in  which  there  are  jour  masked  SO^radicles. 
If  the  soln.  is  boiled  and  suddenly  cooled,  it  yields  the  sulphate  with  all  its  sulphate 
radicles  masked. 

According  to  P.  Nicolardot,  when  a violet  soln.  is  boiled,  and  the  resulting  green 
liquor  is  heated  with  barium  sulphate,  part  of  the  sulphuric  acid  is  precipitated, 
and  when  the  filtrate  is  allowed  to  evaporate  spontaneously,  there  remains  chromic 
oxypentasulphate,  Cr203.2-5S03.7-5H20,  that  is,  Cr40(S04)5.15H20,  with  all  jive 
SO^radicles  masked.  This  salt  appears  as  a non-crystalline  solid,  readily  soluble 
in  water  to  form  a green  soln.,  but  insoluble  in  alcohol  or  acetone,  and  precipitated 
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from  aq.  soln.  by  these  liquids.  Soln.  of  the  salt  do  not  yield  precipitates  with 
barium  chloride  or  with  sodium  phosphate  ; it  differs  in  this  respect  from  the 
sulphate  of  sulphochromyl  hydroxide  described,  but  not  isolated,  by  A.  Recoura. 
According  to  A.  Colson,  the  equilibrium  indicated  in  the  following  equation. 
2Cr2(S04)34-H20^H2S04-f-Cr40(S04)5,  is  only  relatively  stable,  and  the  penta- 
sulphate,  Cr40(S04)5,  is  acted  on  by  boiling  water  with  momentary  production  of 
a fresh  quantity  of  acid,  thus : Cr40(S04)5-f  H2CMCr402(S04)4-|-H2S04.  This 
is  proved  by  the  repeated  boiling  of  a 0-12V-soln.  of  the  normal  green  sulphate, 
Cr2(SO4)3.10H2O,  cooling  very  rapidly,  and  then  adding  baryta-soln.  The  amount 
of  heat  developed  in  the  reaction  shows  that  each  successive  boiling  after  the  first 
liberates  sulphuric  acid  according  to  the  second  equation. 

C.  F.  Cross  and  A.  F.  Higgin  obtained  an  acid  salt  approximating 
4Cr203.6S03.7H2S04,  by  heating  chromic  oxide  with  cone,  sulphuric  acid.  The 
grey  powder  is  insoluble  in  water,  and  is  attacked  with  difficulty  by  alkali-lye. 
According  to  M.  Traubc,  and  A.  Schrotter,  a pale  puce  or  grey  powder  is  formed 
when  a green  mush  of  cone,  sulphuric  acid  and  a basic  chromic  sulphate  or  hydrated 
oxide  is  heated  until  sulphuric  acid  begins  to  volatilize  : if  a large  proportion  of 
sulphuric  acid  is  employed,  a green  soln.  is  obtained,  which  when  heated  becomes 
colourless,  and  deposits  the  puce  or  grey  powder.  The  product  is  washed  with  water 
and  dried.  A.  Schrotter  regarded  it  as  the  normal  sulphate,  but  M.  Traube, 
and  M.  Siewert  showed  that  it  is  rather  chromic  dihydroheptasulphate, 
2Cr2(S04)3.H9S04.  A.  fitard  supposed  the  compound  to  be  constituted 
Cr2 ( S04 ) 6Cr2 . H2S04,  or  HS04.Cr2(S04)5Cr2.HS04  ; and  G.  ' N.  Wyrouboff, 
[Cr203(S02)404Cr203(S02)302(0H)2]3.  M.  Traube  also  obtained  the  same  salt 
contaminated  with  some  potassium  salt  by  the  action  of  cone,  sulphuric  acid 
on  potassium  dichromate  and  chrome-alum  ; and  T.  Klobb,  by  the  action  of 
the  acid  on  the  ammonium  chromic  sulphate.  M.  Traube  said  that  the  powder 
is  sometimes  so  fine  that  it  will  pass  through  filter-paper ; and  will  remain 
suspended  in  water  a considerable  time,  but  can  be  rapidly  precipitated  by  the 
addition  of  various  salts — e.g.  ammonium  carbonate,  potassium  sulphate,  etc. 
The  powder  appears  grey  by  daylight,  and  green  by  candle-light ; and  A.  Schrotter 
said  that  the  powder  may  appear  a very  light  red  by  diffused  daylight ; pale 
green  by  sunlight ; and  verdigris-green  by  candle-light.  Every  time  it  is  heated, 
it  appears  puce-coloured.  When  heated  to  redness,  it  gives  off  all  its  sulphuric 
acid  ; and,  according  to  M.  Traube,  a pyrophoric  mixture  of  chromic  sulphide  and 
oxide  may  be  formed.  When  heated  in  hydrogen  it  yields  water,  hydrogen  sulphide, 
sulphur,  and  chromic  oxide  ; while  a current  of  hydrogen  sulphide  converts  the 
heated  salt  into  black  chromic  sulphide,  with  the  formation  of  water,  sulphur, 
and  sulphur  dioxide.  It  is  insoluble  in  cold  w'ater,  but  wrhen  boiled  for  a long  time 
with  water,  or  when  allowed  to  stand  for  a long  time  in  contact  with  water,  some  of 
it  passes  into  soln.  It  is  insoluble  in  aq.  ammonia  and  in  strong  mineral  acids — e.g. 
hydrochloric,  sulphuric,  and  nitric  acids,  or  in  aqua  regia.  The  salt  is  readily 
decomposed  by  fused  alkali  hydroxide,  or  by  a boiling  soln.  of  the  hydroxide  or 
carbonate. 

R.  F.  Weinland  and  R.  Krebs  prepared  chromic  dihydrotetrasulphate, 
Cr2(S04)3.H2S04.r(H20,  by  the  action  of  an  excess  of  cone,  sulphuric  acid  on  a 
soln.  of  chrome-alum.  The  hexadecahydrate  separates  in  the  violet  form  if  the  mixture 
is  made  w-ith  well-cooled  liquids  ; columnar  crystals  separate  from  a soln.  of  100 
mols  of  sulphuric  acid  and  one  of  chrome-alum  when  evaporated  in  vacuo,  while 
if  the  mixture  is  made  with  warm  soln.,  the  green  form  is  produced  in  acicular 
crystals.  Ortly  with  the  vioiet  soln.  is  all  the  sulphuric  acid  precipitated  by  barium 
chloride.  The  salt  loses  no  water  if  the  salt  be  kept  over  sulphuric  acid  in  vacuo. 
A soln.  of  a mol  of  the  violet  sulphate  in  124-7  litres  of  water  has  a conductivity 
of  116,  and  this  value  does  not  change  with  time  ; on  the  other  hand,  a soln.  of 
the  green  salt  of  nearly  the  same  cone,  has  a conductivity  of  76-5  which  in  2 hrs. 
rises  to  80-8,  in  5 hrs.  to  93-2,  and  in  24  hrs.  to  101-8.  It  is  therefore  inferred  that  the 
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violet  salt  is  to  be  formulated  [Cr2(H20)16](S04)3(H2S04),  and  that  with  the  green 
salt,  some  sulphate  is  contained  within  the  co-ordinated  group.  If  the  original 
components  interact  at  — 15°,  long,  tabular,  violet  crystals  of  the  tetracosihydrate 
are  formed,  [Cr2(H20)16](S04)3(H2S04).8H20,  or  [Cr(H20)8](S04(HS04).4H20. 
This  salt  can  be  regarded  as  being  related  to  chrome-alum  since  both  contain  the 
same  number  of  water  mols.,  and  in  both  the  sulphate-radicle  is  all  precipitated  by 
barium  sulphate:  HCr(S04)2.12H20,  and  KCr(S04)2.12H20.  Chrome-alum  loses 
6 mols.  of  water  over  sulphuric  acid  in  vacuo,  while  hydrochromodisulphuric  acid 
loses  4 mols.,  yielding  the  hexadecahydrate.  Still  further,  if  140  mols  of  sulphuric 
acid  be  employed  to  one  mol  of  sulphate,  chromic  tetrahydropentasulphate, 
Cr2(S04)3.2H2S04.18H20,  or  [Cr2(H20)18](S04)3(H2S04)2,  is  formed  in  rectangular 
plates.  This  violet  form  of  the  salt  becomes  greyish-green  when  heated  to  100°, 
with  the  loss  of  some  water.  Barium  chloride  does  not  precipitate  all  the  sulphate 
from  the  green  aq.  soln.,  but  it  does  so  from  the  violet  soln.  Consequently,  some 
sulphate  radicle  is  contained  within  the  co-ordination  group  of  the  green  salt. 

According  to  A.  Recoura,  green  chromic  sulphate  can  unite  with  one,  two,  and 
three  mols.  of  sulphuric  acid,  or  metal  sulphates  to  form  complex  chromisulphuric 
acids,  or  their  salts.  The  acids  are  prepared  by  evaporating  to  dryness  on  a water- 
bath  a soln.  of  a mol  of  green  chromic  sulphate  with  one,  two,  or  three  mols  of  sul- 
phuric acid,  and  heating  the  green  product  for  a long  time  to  110°  to  120°.  No 
sulphate  is  precipitated  when  barium  chloride  is  first  added  to  aq.  soln.  of  the 
acids.  There  are  thus  obtained  chromitetrasulphuric  acid,  Cr.2(S04);i.  H2S04.«  H20, 
or  H2[Cr2(S04)4]/iH20,  or,  according  to  W.  R.  Whitney,  [Cr2(H20)4(S04)]H2  ; 
chromipentasulphuric  acid,  Cr2(S04)3.2H2S04.nH20,  or  H4[Cr2(S04)5].«H20, 
or,  according  to  W.  R.  Whitney,  [Cr2(H20)2(S04)5]H4 ; and  chromihexasulphunc 
acid,  Cr2(S04)3.3H2S04.wH20,  or  H6[Cr(S04)6].wH20,  or,  according  to  W.  R.  Whitney, 
[Cr(S04)6]H6.  G.  N.  Wyrouboff  regarded  these  acids  as  esters  of  the  green  sul- 
phate in  which  two  hydroxyl  radicles  are  replaced  by  chromosulphuric  acid.  These 
acids  are  accordingly  represented  respectively  by  [Cr20(0H)4(S02)4]0(0H)6  ; by 
[Cr20(0H)4(S02)5]02(0H)6 ; and  by  [Cr20(0H)4(S02)6J03(0H)6.  According  to 
A.  Recoura,  the  proportion  of  contained  water  is  dependent  on  the  duration  of 
the  heating  at  11(3°  to  120°,  and  they  lose  no  sulphuric  acid  below  170°.  E.  Moles 
and  M.  Crespi  gave  for  the  sp.  gr.  of  the  acid  HCr(S04)2,  2-724  at  25 °/4°,  and  90-5 
for  the  mol.  vol.  ; for  the  acid  HCr(S04.H20)2,  they  found  the  sp.  gr.  2-516,  and 
the  mol.  vol.  111-5  ; and  for  H[Cr(H20)6](S04.H20)2,  respectively  2-009  and  195. 
They  also  observed  that  the  acid  H[Cr(H20)6](S04.H20)2  loses  6-03  mols.  of  water 
at  120°,  and  HCr(S04.H20)2,  1-91  mols.  at  350°.  According  to  A.  Recoura,  the 
acids  are  stable  when  dry,  and  they  are  freely  soluble  in  water  forming  green  soln. 
The  basicity  of  the  acids  just  indicated  accords  with  the  thermal  values  of  the 
neutralization  of  soln.  of  the  respective  acids  with  2,  4,  and  6 mols.  of  a soln.  of 
sodium  hydroxide — one  mol  per  20  litres  : (H2[Cr2(S04)4],2Na0H)=33-3  Cals. ; 
(H4[Cr(S04)5],4Na0H)=2 x 33  Cals.;  and  (H6[Cr(S04)6],6Na0H)=3x32  Cals. 
When  (H2S04,2Na0H)— 30-8  Cals,  under  similar  conditions.  The  formulas  are 
also  in  accord  with  the  fact  that  freshly  prepared  soln.  do  not  show  the  reactions 
of  chromium  or  sulphates  with  mild  reagents  like  sodium  phosphate  and  barium 
chloride.  In  course  of  time,  particularly  when  heated,  or  when  treated  with  stronger 
reagents  like  sodium  hydroxide,  the  soln.  do  give  the  reactions  of  chromium  and 
of  sulphuric  acid.  W.  R.  Whitney  found  the  electrical  conductivity,  A mhos,  of  soln. 
a gram-equivalent  in  v litres  at  0°  to  be  close  to  the  values  for  sulphuric  acid  of  the 
same  cone., 
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Consequently,  W.  R.  Whitney  inferred  that  the  ionization,  the  velocities  of  transport 


448 


INORGANIC  AND  THEORETICAL  CHEMISTRY 


of  the  anions,  and  the  strengths  of  the  four  acids  are  approximately  the  same ; 
similar  conclusions  were  drawn  from  the  action  of  the  four  acids  on  the  hydrolysis 
of  methyl  acetate.  Determinations  of  the  f.p.  show  that  the  number  of  molecules 
in  soln.  of  these  acids  is  conditioned  by  the  free  sulphuric  acid  present  in  the  soln. 
The  f.p.  of  sulphuric  acid  is  the  same  as  that  of  one  of  these  acids  with  the  same 
content  of  free  sulphuric  acid — i.e.  acid  not  bound  to  the  chromium.  Hence,  chromic 
sulphate  does  not  act  as  individual  compound,  but  it  forms  complexes  in  agreement 
with  the  results  deduced  from  the  chemical  behaviour  of  the  complexes.  When 
the  soln.  are  kept  for  some  time,  the  f.p.  data  show  that  there  is  an  increase  in  the 
number  of  molecules.  For  an  isomeric  form  of  chromic  tetrasulphuric  acid,  vide 
infra. 

A.  Recoura  attempted  to  prepare  chroimsulphuric  acids  with  more  than  three  mols 
of  sulphuric  acid  per  mol.  of  chromic  sulphate,  but  found  that  the  products  have  quite  a 
different  character.  Thus,  when  a soln.  of  a mol  of  the  green  sulphate  with  4,  5,  or  6 mols. 
of  sulphuric  acid  is  evaporated  on  a water-bath,  and  the  resulting  dark  green  syrup  is  heated 
for  some  days  at  115°,  chromipolysulphuric  acids — respectively  chromiheptasulphuric 
acid,  Cr2(S04)3.4H2S04 ; chromioctosulphuric  acid,  Cr2(S04)3.5H2S04 ; and  chromiennea- 
sulphuric  acid,  Cr2(S04)3.6H2S04 — are  obtained  in  the  form  of  transparent,  green  glasses 
which  form  yellowish-green  soln.  with  water.  These  soln.  form  transparent,  gelatinous 
masses  after  standing  a few  days  ; they  are  coagulated  at  100°  ; on  the  addition  of  strong 
acids  they  furnish  green  flecks  ; and  they  give  green,  insoluble,  flocculent  precipitates  when 
treated  with  soln.  of  the  salts  of  the  metals.  In  this  reaction  the  complex  is  reduced  to 
a chromitetrasulphate,  MS04.Cr2(S04)3  or  Cr(S03)402(0H)2  and  the  excess  sulphate  is  set 
free  as  sulphuric  acid  ; thus,  chromiheptasulphuric  acid  reacts  with  cupric  chloride  : 
[Cr2(S04)3(H2S04)4]+CuCl2  = 3H2S04-f 2HC1+ [Cr2(S04)4]Cu.  A.  Recoura  also  prepared 
the  chromitetrasulphuric  acid  by  heating  chromiheptasulphuric  acid  to  140°-150°  until 
it  no  longer  loses  weight,  and  has  lost  3 mols.  of  sulphuric  acid.  The  grey  powder  is  an 
isomeric  form  of  the  chromitetrasulphuric  acid  indicated  above.  It  forms  a greenish-yellow, 
opalescent  or  colloidal  soln.  with  water,  and  with  soln.  of  the  metal  salts,  insoluble  chromi- 
tetrasulphates.  Chromitetrasulphuric  acid,  Cr202(S03)4(0H)2,  or  |Cr2(S04)4]H2,  is  dibasic, 
and  it  is  a stronger  acid  than  sulphuric  acid.  Strong  acids  precipitate  it  as  a gelatinous 
mass  from  soln.  of  its  salts.  The  acid  can  be  transformed  into  its  isomeric  form  by  boiling 
with  water  ; and  with  boiling  alkali-lye,  chromites  are  formed.  G.  N.  Wyrouboff  believed 
that  these  chromipolysulphuric  acids  are  not  chemical  individuals,  but  mixtures  of  sulphuric 
acid  with  the  chromitetrasulphuric  acid. 

A.  Recoura  showed  that  the  green  chromic  sulphate  can  unite  with  one,  two, 
or  three  mols.  of  chromic  acid  to  form  chromitrisulphatochromic  acids.  xThe.se 
are  analogous  to  the  chromisulphuric  acids.  Thus,  there  is  chromitrisulphato- 
chromic acid,  Cr2(S04)3.H2Cr04,  or  H2[Cr2(S04)3(Cr04)] ; chromitrisulphatodi- 
chromic  acid,  Cr2(S04)3.2H2Cr04,  or  H4[Cr2(S04)3(Cr04)2] ; and  chromitrisulphato- 
trichromic  acid,  Cr2(S04)3.3H2Cr04,  or  H6[Cr2(S04)3(Cr04)3].  The  constitutions 
may  also  be  represented  respectively  by  the  formulae  : 

‘“{J  H-S04  /Cr04-H 

1 JJ  H-S04— Cr^— Cr04-H 

1 „ H-SO/  xCr04-H 
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These  acids  form  dark  brown  amorphous  masses  which,  in  freshly  prepared, 
dil.  soln.  exhibit  the  characteristic  reactions  of  neither  S04"- — nor  (Jr04''— radicles, 
slowly  decompose  when  they  do  show  the  reactions  of  these  radicles.  Arguing 
by  analogy,  and  from  some  observations  on  the  heats  of  neutralization,  it  is 
inferred  that  the  constitution  of  the  chromisulphatochromic  acids  resembles 
that  of  the  chromisulphuric  acids.  If  the  alkali  chromates  are  employed  in  place 
of  chromic  acid  in  the  preparation  of  these  products  then  the  corresponding 
chvomisulphatochromates  are  formed.  J.  Poizat  studied  thS  action  of  chromi- 
mono-,  -di-,  and  tri-sulphuric  acids  on  hydrogen  dioxide. 

According  to  G.  N.  Wyrouboff,  when  an  aq.  soln.  of  chromisulphuric 
acid  is  heated,  a eoagulum  is  formed  which  ho  called  chromium  sulphoch romat e , 
[Cr202(0H)4(S02)402(0H)2]Cr2(0H)6,  and  which  is  identical  with  that  obtained  by  precipi- 
tating a violet  salt  of  chromium  in  the  cold  with  sulphochromic  acid.  If  this  is  maintained  for 
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some  time  in  contact  with  boiling  water,  it  becomes  hydrated,  dissolves  slowly,  and  finally 
passes  entirely  into  a soln.  of  the  green  sulphate.  Chromium  sulphochromate,  when 
heated  at  120°,  becomes  soluble  in  water  and  the  soln.  yields  insoluble  precipitates 
with  metallic  salts,  chromosvlphochromates  being  formed.  44  hen  chromium  sulpho- 
chromate is  treated  with  hydrochloric  acid,  what  he  called  chromosulphochromic  acid, 
[Cr202(0H)4(S02)403.Cr20(0H)2(S02)3(0He][(0H)2,  is  precipitated  as  a dark  green, 
gelatinous  mass  which  dissolves  in  water,  yielding  an  opalescent  soln.,  On  adding  2 mols 
of  sulphuric  acid  and  a little  water  to  1 mol  of  chromium  sulphochromate,  evaporating 
on  the  water-bath,  and  heating  for  some  hours  at  120°,  chromoduntlphochromic  acid, 
[Cr202(0H)4(S02)403]2Cr20(0H)2(S02)3(0H)4{0H)4.H20,  is  obtained,  which  yields  an 
insoluble'  salt  with  iron.  With  sulphochromic  acid,  chromium  sulphochromate  yields  a 
chromosulphodichromate.  If  chromium  sulphate  is  heated  with  an  excess  of  sulphuric 
acid  to  a temp,  not  exceeding  150°,  a clear  green,  gelatinous  precipitate  of  sulphoehromic 
acid  is  formed  ; on  continuing  the  heating  and  at  the  same  time  allowing  the  temp,  to  rise, 
the  green  precipitate  gradually  changes  into  a heavy,  greyish- yellow  powder,  soluble  in 
.vater,  yielding  a milky,  strongly  acid  soln.  The  same  substance  is  obtained  by  heating 
sulphochromic  acid  for  some  time  at  250°,  and  is  the  first  anhydride  of  a polymeride  of 
chromosulphochromic  acid.  Although  sulphochromic  acid  forms  insoluble  compounds 
with  the  metals,  it  does  not  give  precipitates  with  all  the  sal^s  of  the  metals.  Thus,  it 
gives  a precipitate  with  a soln.  of  mercuric  nitrate  or  acetate,  but  not  with  mercuric  bromide. 
This  is  explained  by  saying  that  the  last-named  salt  is  an  anhydride  and  not  a normal  salt. 

The  products  obtained  by  J.  L.  Gay  Lussac  3 by  the  action  of  sulphuric  acid 
on  chromic  anhydride,  were  shown  by  J.  Fritzsche,  and  P.  Plantamour  to  be 
mechanical  mixtures.  J.  Meyer  and  V.  Stateczny  found  the  f.p.  of  mixtures  of 
chromic  acid  and  water-free  H2S04  to  be  : 

CrOa  . 0 0 16  1-2  2 02  3-13  4-17  5-37  8-66  per  cent. 

F.p.  . 10-45°  10-2°  8-6°  5-8°  7-6°  8-8°  9-6°  9-8° 

The  eutectic  at  5-5°  corresponds  with  2-2  per  cent.  Cr03.  A.  W.  Rakowsky  and 
D.  N.  Tarassenkoff  found  that  the  compound  decomposes  at  ordinary  temp,  with 
a marked  change  of  colour  when  the 
humidity  exceeds  1-7  per  cent.  W.  Ipatieff 
and  A.  Kisseleff  obtained  potassium  trisul- 
phatodichromate,  2KCr04.Cr2(S04)3.H20, 
by  the  action  of  hydrogen  under  press,  on 
a soln.  of  potassium  dichromate  (q.v.). 

P.  A,  Bolley  added  chromium  trioxide  to 
cone,  sulphuric  acid,  until  no  more  dis- 
solved, the  resulting  dark  brown  oil  forms 
a pale  brown,  granular  mass  in  a few 
days.  A.  Schrotter  obtained  a yellowish- 
brown  substance  to  which  he  gave  the 
formula  Cr03.3S03 ; and  A.  Pictet  and 
G.  Karl  heated  a mixture  of  sulphur  and 
chromium  trioxides  in  a sealed  tube 
and  obtained  a yellowish-brown  mass  of 
Cr03.S03,  sometimes  regarded  as  chromyl  sulphate,  Cr02(S04).  The  products 
are  unstable  in  air,  and  liberate  chromium  trioxide  by  the  action  of  moisture. 
The  observations  of  L.  F.  Gilbert  and  co-workers,  and  A.  W.  Rakowsky  and 
D.  N.  Tarassenkoff  on  the  solubility  of  chromium  trioxide  in  soln.  of  sulphur 
trioxide  at  25°  and  45°  were  discussed  in  connection  with  chromium  trioxide. 
The  results  of  L.  F.  Gilbert  and  co-workers  are  shown  graphically  in  Fig.  80,  for 
the  ternary  system  : Cr03-S03-H20  at  25°.  There  are  three  solid  phases  Cr03  ; 
Cr03.S03  ; and  what  is  thought  to  be  the  monohydrate,  Cr03.S03.H20.  Chromyl 
sulphate  is  usually  brown  and  minutely  crystalline,  and  sometimes  amorphous  ; 
the  hydrate  is  also  amorphous.  Both  compounds  are  very  hygroscopic,  and 
liberate  scarlet  chromium  trioxide  on  exposure  to  air. 

J.  Meyer  and  V.  Stateczny  said  that  the  orange  precipitate  which  gradually 
forms  from  soln.  of  chromium  trioxide  in  95  to  100  per  cent.  H2S04  is  chromato- 
sulphuric  acid,  H2CrS07,  or  H2[Cr03(S04)J,  and  that  it  appears  as  a dark  orange 
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Fig.  80. — The  Ternary  System  : 
Cr03-S03-H,0  at  25°. 
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powder  which  reacts  very  energetically  with  water  to  form  a brick-red  soln.  of 
chromic  and  sulphuric  acids.  The  acid  can  be  preserved  over  phosphorus  pentoxide, 
or  in  a sealed  tube.  It  is  decomposed  in  light.  It  is  insoluble  in  carbon  disulphide 
and  similar  liquids  ; it  is  gradually  reduced  by  ether,  ligroin,  and  benzene.  It 
darkens  in  colour  when  heated,  it  sinters  at  168°-170°,  and  at  190°  forms  a blood-red 
liquid  and  then  decomposes  with  the  evolution  of  oxygen.  It  is  a powerful 
oxidizing  agent — a drop  of  alcohol  is  inflamed  by  the  acid  ; and  it  forms  chromic 
oxide  with  the  evolution  of  sulphur  dioxide  when  treated  with  aldehyde. 
Naphthalene,  and  phenol  are  carbonized  ; anthracene  yields  acetic  acid ; and  a 
mixture  of  sugar  and  potassium  chlorate  Is  exploded  by  the  acid.  It  does  not  form 
salts  bv  direct  neutralization.  H.  SchifE  prepared  potassium  chromat06ulphate, 
K2CrS07,  or  K2[Cr03(S04)],  by  melting  potassium  sulphate  or  hydrosulphate  with 
potassium  chlorochromate ; and  J.  Meyer  and  V.  Stateczny,  by  the  reaction 
K2Cr207+2KHS04=H20-f-2K2CrS07.  They  also  prepared  ammonium  chromato- 
suiphate,  (NH4)2[Cr03(S04)],  and  sodium  chromatosulphate,  Na2[Cr03(S04)],  in 
a similar  manner.  By  heating  a mixture  of  barium  chromate  and  sulphur 
trioxide  in  a sealed  tube  for  3 hrs.  at  120°,  barium  chromatosulphate,  Ba[Cr03(S04)], 
was  obtained ; and  strontium  chromatosulphate,  Sr[Cr03(S04)],  by  heating  to 
160°  for  3 hrs.  a mixture  of  strontium  sulphate  and  chromium  trioxide;  and 
similarly  with  calcium  chromatosulphate,  Ca[Cr03(S04)].  B.  Cabrera  and  S.  P.  de 
Rubies  studied  the  magnetic  properties  of  the  products  formed  by  the  addition 
of  sulphuric  acid  to  the  oxychromic  salts. 
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§ 30.  The  Complex  Salts  of  Chromic  Sulphates 

The  most  important  complex  sulphates  are  the  chrome-alums  in  which  tervalent 
chromium  replaces  aluminium  in  the  ordinary  alums,  so  that  the  general  formula 
for  the  series  is  R'2S04.Cr2(S04)3.24H20,  or  R'Cr(S04)2-12H20.  A.  Mitscherlich  1 
prepared  ammonium  chromium  sulphate,  or  ammonium  disulphatochromiate, 
(NH4)2S04.Cr2(S04)3.24H20,  or  (NH4)Cr(S04)2.12H20,  by  mixing  a sulphuric  acid 
soln.  of  violet  chromic  sulphate  with  ammonia  ; A.  Schrotter,  by  adding  ammonium 
sulphate  to  a cone.  soln.  of  violet  chromic  sulphate  when  crystals  of  the  ammonium 
chrome-alum  are  precipitated,  and  J.  L.  Howe  and  E.  A.  O’Neal,  by  the  electrolysis 
of  a soln.  of  ammonium  chromate  in  sulphuric  acid — this  salt  collects  at  the  negative 
pole.  J.  Hertkorn  prepared  it  as  in  the  case  of  the  potassium  salt — vide  infra. 
A.  Mitscherlich  found  that  the  crystals  are  regular  octahedra,  with  surfaces  of 
cubes  and  dodecahedra.  The  cleavage  on  the  octahedral  face  is  indistinct. 
T.  Klobb  prepared  solid  soln.  of  ammonium  chromic  alum  with  ammonium  ferric 
and  with  ammonium  aluminium  alums.  W.  Haidinger  found  the  crystals  to  be 
violet-blue  passing  into  columbine-red  ; and,  added  A.  Schrotter,  they  are  ruby-red 
by  transmitted  light.  They  are  moderately  transparent,  and  have  a sweetish 
saline  taste.  A.  Schrotter  gave  1-736  for  the  sp.  gr.  at  21°  ; 0.  Pettersson,  1-728 
at  20°  ; and  J.  H.  Gladstone,  1-719.  G.  T.  Gerlach  found  the  sp.  gr.  of  violet 
soln.  containing  2-195,  4-390,  and  6-585  per  cent.  (NH4)Cr(S04)2  are  respectively 
1-0200,  1-0405,  and  1-0610  at  15°/15°  ; and  with  green  soln.  at  15°/15°, 

(NH4)Cr(S04)2  5-487  10-974  16-461  27-435  38-409  49-383  per  cent. 

Sp.gr.  . . 1-044  1-091  1-142  1-255  1-384  1-532 

The  sp.  gr.  of  the  sat.  violet  soln.  is  1-070  at  15°/15°.  P.  A.  Favre  and  C.  A.  Yalson 
studied  the  change  in  vol.  which  occurs  when  this  alum  passes  into  soln.  H.  C.  Jones 
and  E.  Mackay  found  the  lowerings  of  the  f.p.  produced  by  ammonium  chrome 
alum  for  0-097,  0-0484,  and  0-0291  per  cent.  soln.  are,  respectively,  7-92,  8-26,  and 
9-14,  and  these  values  are  about  0-8  less  than  the  sum  of  the  values  of  the  con- 
stituents. This  means  that  the  f.p.  of  the  soln.  confirm  the  evidence  from  the 
conductivity  data,  that  alum  molecules  exist  to  some  extent  in  the  more  cone, 
soln.  According  to  A.  Schrotter,  the  salt  effloresces  superficially  in  air,  and  becomes 
covered  with  a pearl-grey  powder.  The  m.p.  is  100°.  J.  Locke  gave  94°  for  the 
m.p.  A.  Schrotter  observed  that  three-fourths  of  the  water  of  crystallization  is 
evolved  when  the  salt  melts,  and  the  liquid  shows  no  signs  of  dichroism  ; it 
solidifies  to  a pale  green  mass  which  gives  off  its  remaining  water  above  300°. 

G.  D.  van  Cleeff  said  that  half  its  combined  water  is  lost  oyer  sulphuric  acid,  and 
at  100°,  five-sixths  is  given  off.  F.  Ephraim  and  P.  Wagner  found  that  the 
vap.  press.,  p mm.,  of  the  salt  is  : 

60°  60-5°  72°  80°  80-5°  86° 

p . . 40  80  162  244  260  326  mm. 

H.  C.  Jones  and  E.  Mackay  found  that  the  f.p.  of  soln.  with  92-740,  27-822,  and 
5-564  grms.  of  (NH4)Cr(S64)2.12H20  per  litre  are,  respectively,  0-768°,  —0-266°. 
and  —0-064°.  P.  A.  Favre  and  C.  A.  Yalson  gave  for  the  heat  of  soln.  of  a mol 
of  the  sulphate  -9-628  Cals,  at  8°  to  10°  ; and  -9-889  Cals,  at  19°  to  21°.  They 
also  found  for  the  heat  of  precipitation  of  a fresh  violet  soln.  of  a mol  of  ammonium 
chrome-alum,  14-636.  Cals.,  and  after  the  lapse  of  14  days,  13-9  Cals.  The  corre- 
sponding value  for  a green  soln.  is  7-641  Cals.  C.  Soret  gave  for  the  index  of 
refraction,  p,  between  7°  and  J4°,  for  light  of  different  wave-lengths,  A, 

A . (7-line  F-line  W-line  AMine  Z)-line  (7-line  B-lino  .4 -line 

^ . 1-49594  1-49040  1-48794  1-48744  1-48418  1-48125  1-48014  1-47911 

J.  H.  Gladstone  gave  (p—  1)/D=0-2781  for  the  sp.  refraction  for  the  A-line  ; and 
(pA-  p,;)/D=- 0-0104  for  the  sp.  dispersion.  J.  M.  Hiebendaal,  and  H.  Sauer 
studied  the  absorption  spectrum  of  ammonium  chrome-alum. 
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H.  C.  Jones  and  E.  Mackay  measured  the  mol.  electrical  conductivity,  fj,  mhos, 
of  the  violet  soln.  ; and  H.  H.  Hosford  and  H.  C.  Jones  gave  for  soln.  with  a mol 
of  the  violet  salt  in  v litres  between  0°  and  35°,  and  S.  F.  Howard  and  H.  C.  Jones, 
between  35°  and  65°, 
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OL 

65° 

. 23-3 

27-5 

31-7 

43-7 

61-8 

71-9 

85-4 

100-0 

The  values  at 

the  higher 

temp. 

are  of  course  affected  by  the  presence  of  x per  cent. 

of  the  green  salt,  a refers  to  the  calculated  percentage  ionization.  The 
sponding  values  for  green  soln.  were  : 

corre- 
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299-6 
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65° 

23-6 

28-3 

33-2 

46-1 

63-5 

74-4 

87-1 

100-0 

According 

to  A.  Schrotter, 

ammonium  chrome-alum 

dissolves 

in  cold 

water 

forming  a bluish-violet  soln.  Alcohol  precipitates  the  alum  from  its  violet  soln. 
At  about  75°  or  80°,  the  bluish-violet  aq.  soln.  assumes  a grass-green  colour  owing 
to  some  molecular  change,  so  that  the  soln.  on  evaporation  does  not  yield  crystals, 
but  dries  to  a green  mass  ; nor  does  the  green  soln.  give  a precipitate  with  alcohol, 
but  it  either  mixes  with  it,  or  forms  a substratum  with  the  alcohol  floating  on  the 
surface.  If  the  green  soln.  is  diluted  with  water,  and  left  to  stand  for  ten  days, 
the  violet  alum  is  gradually  reproduced.  When  a soln.  of  the  violet  alum  is  mixed 
with  an  excess  of  sulphuric  acid,  then  treated  with  alcohol,  the  green  soln.  decanted 
from  the  precipitated  blue  salt,  and  mixed  with  so  much  ammonia  that  it  still 
remains  slightly  acid,  a dark  green,  highly  acid  soln.  settles  to  the  bottom.  When 
this  soln.  is  allowed  to  stand  for  a long  time,  it  decolorizes,  and  a light  green  salt 
is  deposited.  It  has  the  composition  14(NH4)2S04.Cr2(S04)3.3H2S04.33H20. 
J.  Locke  found  that  at  25°  a litre  of  water  dissolves  212-1  grms.  of 
(NH4)Cr(S04)2.12H20,  or  107'8  grms.,  i.e.  9-75  per  cent,  of  (NH4)Cr(S04)2.  As 
in  the  case  of  the  chromium  salts  previously  discussed,  the  soln.  of  the  violet  salt 
in  water  involves  a state  of  equilibrium,  between  the  green  and  the  violet  forms, 
and  this  is  dependent  on  the  temp.  The  time  required  for  equilibrium  is  represented 
by  the  following  observations  of  I.  Koppel  on  the  solubilities,  S grams  of 
(NH4)Cr(SC>4)2  per  100  grms.  of  soln.,  after  the  lapse  of  the  stated  intervals  of 
time : 


Time  . 
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50 
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(40° 
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19-3 

21-6 

22-8 

24-5 

— 

24-8 

24-70 

He  inferred  from  conductivity  and  f.p.  determinations  that  at  0°  a sat.  soln. 
of  the  violet  alum  has  3-8  per  cent,  of  (NH4)Cr(S04)2  ; and  at  40°,  after  the  elapse 
of  20  days  the  same  soln.  is  in  equilibrium  when  about  52  per  cent,  of  the  solute 
is  in  the  violet  form  and  48  per  cent,  in  the  green  form  ; while  at  55°,  equilibrium 
occurs  when  39  per  cent,  of  violet  alum  and  61  per  Cent,  of  green  alum  are  present. 
Similar  data  were  obtained  with  cone.  soln.  The  calculations  assume  that  only 
one  variety  of  the  green  salt  is  produced. 

Anhydrous  or  dehydrated  ammonium  chrome-alum  was  obtained  by  M.  Traube 
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by  melting  chromic  oxide  or  a chromic  salt  with  an  excess  of  ammonium  sulphate. 
It  was  also  prepared  by  T.  Klobb — vide  infra,  the  ammonium  trisulphatochromiate. 
The  salt  appears  in  hexagonal  plates,  or  as  a pale  green  powder  which,  according 
to  P.  A.  Favre  and  C.  A.  Valson,  had  a sp.  gr.  of  2-472  at  21-9°.  M.  Traube  found 
that  the  salt  does  not  melt  nor  yet  decompose  at  350°.  It  reddens  when  heated. 
It  is  insoluble  in  cold  water ; and  it  is  not  attacked  by  boiling  water,  dil.  boiling 
alkali-lye,  or  acids,  or  by  cone,  hydrochloric  acid.  T.  Klobb  said  that  it 
is  isomorphous  with  the  dehydrated  potash-alum  and  soda-alums  and  with  the 
corresponding  aluminium  and  ferric  salts.  A.  Recoura  obtained  what  he  regarded 
as  a pentahydrate,  by  dehydrating  ammonium  chrome-alum. 

W.  Meyeringh  obtained  hydroxylamine  chromium  sulphate,  or  hydroxylamine 
disulphatochromiate,  (NH30H)2S04.Cr2(S04)3.24H20,  or  (NH30H)Cr(S04)2.12H20, 
in  cubic  crystals,  from  a soln.  of  the  component  salts.  H.  Sauer  studied  the 
absorption  spectrum  of  this  salt  and  of  the  methylamine.  F.  Sommer  and 
K.  Weise  prepared  hydrazine  chromium  sulphate,  or  hydrazinium  disulphato- 
chromiate, (N2H5)Cr(S04)2.12H20,  which  furnishes  dark  violet  octahedral  crystals, 
freely  soluble  in  water.  G.  Canneri  prepared  guanidine  disulphatochromiate, 
(C6H5N3)2.H2S04.Cr2(S04)3.12H20 ; it  is  isomorphous  with  the  corresponding 
sulphatodialuminate . 

A.  Schrotter  prepared  sodium  chromium  sulphate,  or  sodium  disulphato- 
chromiate, Na2S04.Cr2(S04)3.24H20,  or  NaCr(S04)2.12H20,  by  gradually  mixing 
a mol  of  sodium  dichromate  with  3 mols  of  cone,  sulphuric  acid  so  as  to  avoid 
much  heating ; adding  alcohol,  and  then  allowing  the  soln.  to  stand.  Definite 
crystals  were  not  obtained.  E.  I.  Orloff  prepared  the  salt  in  crystals  by  the 
following  process : 

Add  100  grras.  of  xylene,  in  small  portions  at  a time  and  with  constant  stirring,  to  a 
sealed  flask  containing  300  grins,  of  sulphuric  acid  of  sj  . gr.  1-84  ; when  the  xylene  has 
dissolved,  add  295  grms.  more  of  the  acid,  and  pour  the  mixture  into  a large  porcelain 
dish  containing  a litre  of  water,  and  add  375  grms.  of  finely  powdered  sodium  dichromate 
in  small  portions  at  a time.  The  reduction  takes  place  in  the  cold,  and  it  is  completed  by 
warming  the  liquid  which  then  turns  green.  The  soln.  is  then  evaporated  to  1339  grms., 
and  the  product  poured  into  flat  porcelain  dishes,  covered,  and  left  to  crystallize  at  room 
temp.  The  small  crystals  can  be  recrystallized  from  water  by  slowly  evaporating  sat.  soln. 

A.  Schrotter  found  that  the  salt  loses  16  mols.  of  water  at  100° ; and  it  weathers 
more  rapidly  in  air  than  the  ammonium  or  potassium  salt.  F.  Ephraim  and 
P.  Wagner  found  the  vap.  press.,  p mm.,  of  the  hydrate  to  be  : 

51°  63°  71°  76°  80°  82-5°  90° 

p . .43  83  122  162  241  250  382  mm. 

T.  Klobb  obtained  mixed  crystals  of  the  anhydrous  sodium  and  ammonium 
chromium  sulphates,  (NH4,Na)S04.Cr2(S04)3,  by  melting  together  chromic  sulphate 
or  chrome-alum  with  ammonium  and  sodium  sulphates.  The  hexagonal  crystals 
are  isomorphous  with  the  anhydrous  alums.  A.  N.  Bach  found  the  transition 
temp,  to  be  between  60°  and  70°. 

Crystals  of  potassium  chrome-alum,  potassium  chromium  sulphate,  or  potassium 
disulphatochromiate,  K2S04.Cr2(S04)3.24H20,  or  KCr(S04)2.12H20,  were  first 
obtained  by  A.  Mussin-Puschkin ; and  J.  J.  Berzelius  obtained  the  violet  crystals 
by  the  spontaneous  evaporation  of  a soln.  of  a mixture  of  the  component  salts. 
A.  Schrotter,  and  F.  A.  Rohrman  and  N.  W.  Taylor  obtained  it  by  sat.  with 
sulphur  dioxide  a sat.  soln.  of  potassium  dichromate  and  cone,  sulphuric  acid 
prepared  in  the  cold  ; N.  W.  Fischer,  M.  Traube,  and  H.  Lowel  used  a modification 
of  the  process  with  alcohol  as  reducing  agent ; A.  Lielegg  used  oxalic  acid  as 
reducing  agent,  and,  added  E.  A.  Werner,  if  too  little  water  be  present,  a complex 
oxalate  is  formed.  G.  Stadeler  obtained  chrome-alum  as  a by-product  in  the 
preparation  of  acetaldehyde.  The  manufacture  of  chrome-alum  was  described 
by  P.  Hasenclever,  etc. — vide  supra,  the  extraction  of  chromium.  J.  Hertkorn 
obtained  it  by  treating  a soln.  of  chromic  sulphate  in  water  or  sulphuric  acid  with 
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potassium  sulphite  or  hydrosulphite — with  or  without  the  addition  of  a little 
nitrate  or  nitrite,  and  then  subjecting  it  to  the  action  of  sulphur  dioxide  under 
ordinary  and  an  increased  press.  H.  C.  Starck  described  the  preparation  of  a 
soln.  from  ferrochromium,  where  the  sulphuric  acid  soln.  of  the  alloy  is  treated 
with  potassium  dichromate,  heated  to  the  b.p.  at  atm.  press.,  preferably  with  the 
addition  of  sodium  carbonate,  or  at  a higher  press.  The  iron  compounds  are  thus 
precipitated,  and  the  filtered  soln.  is  treated  with  potassium  sulphate  for  chrome  alum. 
Processes  were  also  described  by  A.  W.  Gregory,  and  0.  Nydegger.  H.  Chaumat 
prepared  the  salt  by  the  electrolysis  of  a soln.  of  potassium  dichromate  mixed 
with  sulphuric  acid.  The  liquor  is  circulated  in  the  cathode  compartment,  which 
is  separated  from  the  anode  by  a porous  vessel,  the  cathode  preferably  consisting 
of  graphite  powder  packed  round  a carbon  core.  Dil.  sulphuric  acid  is  circulated 
in  the  anode  compartment,  and  to  utilize  the  S03-ion,  which  is  disengaged  at  the 
anode,  the  latter  may  take  the  form  of  a copper  electrode  surrounded  by  copper 
shavings,  whereby  copper  sulphate  is  formed  in  the  course  of  electrolysis. 
A.  Stiassny,  H.  N.  Warren,  F.  A.  Rohrman  and  N.  W.  Taylor,  and  A.  Polis  discussed 
the  formation  of  large  crystals  of  the  salt.  E.  S.  Hedges  and  J.  E.  Myers  studied 
the  periodic  crystallization  of  this  salt.  Analyses  were  made  by  N.  W.  Fischer, 
and  P.  de  Boissieu.  E.  J.  Maumene  found  that  the  analyses  indicated  between 


Fig.  81. — Composition  of  Solution  and  Solid  Fig.  82. — Vapour  Pressures  of  Mixtures  of 
Mixtures  of  Potassium  Chromium  and  Potassium  Chromium  in  Potassium  Alu- 
Potassium  Aluminium  Alums.  minium  Alums. 


23-9  and  24-1  mols.  of  water,  and  V.  A.  Jacquelain,  22  mols. — but  this  number 
probably  refers  to  the  partly  effloresced,  salt.  T.  Ishikawa  studied  the  reciprocal 
salt  pair  {K2,(NH4)2}— {(S04),(Cr04)}  at  25°  ; and  A.  Fock,  and  G.  Tammann  and 
A.  Sworykin,  isomorphous  mixtures  with  potash-alum.  R.  Hollmann’s  observa- 
tions on  the  composition  of  the  solid  soln.  and  mother-liquor  for  potassium  chromium 
and  potassium  aluminium  alums  are  summarized  in  Fig.  81 , and  his  observations 
on  the  vap.  press,  of  the  solid  soln.  in  Fig.  82.  There  are.  two  minima,  and  one 
maximum  in  the  curve. 

The  octahedral,  cubic  crystals  are  violet  to  black  in  colour,  and  appear  ruby-red 
in  thin  layers  ; and  J.  H.  Kastle  found  that  the  intensity  of  the  colour  is  very 
much  reduced  at  liquid  air  temp.  F.  Klocke,  C.  F.  Rammelsberg,  C.  von  Hauer, 
and  J.  W.  Retgers  showed  that  the  crystals  are  isomorphous  with  other  alums,  for 
they  show  similar  corrosion  figures.  E.  Dittler  obtained  overgrowth  with 
potassium  aluminium  sulphate.  T.  V.  Barker  found  a close  connection  between 
parallel  overgrowths  in  chrome-alum,  potash-alum,  and  ammonia-alum  and  the 
mol.  vols  which  are  respectively  542-2,  541-6,  and  552-2.  C.  von  Hauer  found  that 
with  the  introduction  of  a crystal  of  iron-alum  in  a sat.  soln.  of  chrome-alum  nearly 
all  the  latter  separates  out ; while  L.  de  Boisbaudran  found  that  a sat.  soln.  of 
basic  ammonium  aluminium  alum  does  not  affect  the  octahedral  faces  of  the 
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crystal,  but  the  cubic  faces  are  slowly  attacked.  K.  Grinakowsky  found  that 
different  faces  of  the  crystal  do  not  all  possess  the  same  solubilities,  and  that 
the  degree  of  supersaturation  has  different  values  for  the  different  faces  of  the 
polyhedron,  and  is  dependent  on  the  temp.  At  low  temp.,  the  edges  and  angles 
are  the  less  soluble  ; and  at  high  temp.,  the  faces  ; the  edges  of  obtuse  angles 
are  more  stable  than  the  summits  of  four-faced  angles  at  low  temp.,  whilst  at 
high  temp,  the  reverse  applies.  P.  N.  Pawloff’s  statement,  that  the  surface  layer 
of  a crystalline  substance  is  vectorial  in  character  and  influences  the  direction 
and  general  course  of  the  deformation,  applies  to  some  extent,  especially  in  the 
case  of  twinning  deformation.  The  latter  indicates  the  existence  of  a temperature- 
limit  for  a possible  equilibrium  of  the  system  crystal-mother  liquor,  the  surface 
energy  being,  for  a given  crystallographic  form,  a maximum.  The  direction  and 
course  of  the  deformation  of  crystals  of  chrome-alum  show  that  the  octahedron 
is  the  most  stable  form,  and  is  followed  in  order  by  the  rhombic  dodecahedron, 
cube,  and  trapezohedron.  The  crystals  were  studied  by  E.  S.  von  Fedoroff. 

L.  Vegard  and  H.  Schjelderup  obtained  X-radiograms  of  the  alums,  and  deduced 
probable  arrangements  for  the  metal,  sulphur,  and  oxygen  atoms  in  the  space- 
lattice.  They  added  that  the  crystal  model  divides  the  24  mols.  of  water  into  six 
groups,  which  groups  are  cubically  disposed  with  reference  to  the  four  tetrahedrally 
arranged  atoms  of  sulphur.  The  model  makes  no  distinction  between  the  water 
of  crystallization  and  the  other  constituents  of  the  alum.  Any  hypothesis  which 
would  distinguish  the  water  of  crystallization  from  water  of  constitution  could  not 
be  reconciled  with  the  observed  relations  between  the  high-frequency  reflection 
spectra.  The  removal  of  the  water  of  crystallization  is  necessarily  accompanied 
by  the  destruction  of  that  structure  which  is  characteristic  of  the  hydrated  salt. 
The  unit  hexagonal  cells  of  the  anhydrous  salt  furnished  a= 4-737  A.,  and 
c=8-030  A.,  and  each  unit  cell  contains  one  mol.  of  KCr(S04)2.  J.  M.  Cork  found 
that  the  unit  cubic  cell  has  a=12-20  A.,  and  that  there  are  four  mols.  per  cell. 
The  eight  metal  atoms  take  positions  at  the  corners,  centre,  centre  of  faces,  and 
mid-points  of  the  edges  of  the  cell  making  a rock  salt  arrangement  of  the  univalent 
and  tervalent  metals.  C.  Schaefer  and  M.  Schubert,  L.  Vegard  and  E.  Esp, 

L.  Vegard  and  A.  Maurstad,  and  L.  Vegard  discussed  this  subject. 

H.  Schiff  found  the  sp.  gr.  to  be  1-845  ; L.  Playfair  and  J.  P.  Joule,  1-856  ; 
H.  Kopp,  1-848  ; J.  Dewar,  1-834  at  —188°,  and  1-82  at  17° ; 0.  Pettersson,  1-842 
at  20-8°  ; J.  H.  Gladstone,  1-817  ; while  W.  Spring  gave 

0°  10°  20°  30°  40°  50°  60° 

Sp.  gr.  . 1-8308  1-8282  1-8278  1-8274  1-8269  1-8259  1-8202 

According  to  E.  Moles  and  M.  Crespi,  the  sp.  gr.  and  mol.  vol.,  at  25°/4°,  of 
KCr(S04)2  are  2-548  and  111  respectively;  of  KCr(SQ4)2.H20,  respectively  2'482 
and  120 ; of  K[Cr(H20)6](S04)2,  respectively  2-17  and  180 ; and  of 
K[Cr(H20)6](S04)2.6H20,  1-834  and  272.  B.  Franz  found  the  sp.  gr.  of  soln. 
with  the  following  number  of  grams  of  KCr(S04)2.12H20  per  100  grms.  of  soln., 
to  be  at  17-5°, 

Salt  .5  10  20  30  40  50  60  70  por  cent. 

Sp.gr.  . 1-0174  1-0342  1-0746  1-1274  1-1896  1-2894  1-4566  1-6362 

while  G.  T.  Gerlach  gave  for  violet  soln.  with  2-84,  5-68,  and  8-52  per  cent,  of  the 

anhydrous  salt,  respectively  1-0275,  1-055,  and  1-0835  at  15°/15°  ; and  for  the  green 
soln.  : 

KCr(SO,)„  5-68  11-36  17-03  22-71  28-39  34-07  39-74  45-42  51-10 

Sp.gr.  . 1-050  1-103  1-161  1-225  1-295  1-371  1-453  1-451  1-635 

so  that  the  sp.  gr.  of  the  violet  soln.  is  greater  than  is  the  case  with  the  green  soln. 

M.  A.  Rakuzin  and  co-workers  found  that  a sat.  soln.  of  the  green  alum  has  114-19 
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parts  of  salt  per  100  parts  of  water  at  20°,  and  the  sp.  gr.  of  the  sat.  soln.  is  U6683. 
For  a concentration  C per  cent., 

(7.5  10  20  40  60  80  100  114-19  per  cent. 

Sp.  gr.  1-0378  1-0641  1-1076  1-1623  1-2531  1-3524  1-4404  1-6683 

The  sp.  gr.  of  the  soln.  does  not  increase  proportionally  with  concentration,  and 
soln.  of  the  same  cone,  made  with  different  samples  of  alum  have  different  sp.  gr. 
•This  is  attributed  to  differences  in  the  relative  proportions  of  the  green  and  violet 
salts  in  the  different  soln.  K.  Grinakowsky  found  a transition  temp,  at  78°  ; 
and  C.  Montemartini  and  L.  Losana,  at  77°.  P.  A.  Favre  and  C.  A.  Valson,  and 
G.  Beck  studied  the  vol.  changes  which  occur  when  the  alum  dissolves.  J.  Becken- 
kamp  found  the  elastic  modulus  of  the  crystals  perpendicular  to  the  cubic  surface 
to  be  1608  kgrms.  per  sq.  mm. ; perpendicular  to  the  dodecahedral  surface,  1771 
kgrms.  per  sq.  mm. ; and  perpendicular  to  the  octahedral  surface,  1832  kgrms. 
per  sq.  mm.  A.  Ferrero  observed  that  for  a 13-75  per  cent,  soln.,  at  20-5°,  the 
viscosity  is  0-01261  G.G.S.  units  for  the  violet  soln.,  and  0-1185  for  the  green  soln. 
prepared  at  80°;  similarlyfor  a 20-5  per  cent.  soln.  at  20-5°, 0-01417  forthe  violet  soln. 
and  0-01294  for  the  green  soln.  prepared  at  80°.  The  difference  between  the  green 
and  violet  soln.  decreases  with  increasing  dilution.  R.  F.  d’Arcy  made  observations 
on  this  subject.  F.  Riidorff  found  that  in  dil.  soln.,  the  potassium  sulphate 
diffuses  more  rapidly  than  the  chromium  sulphate  ; and  D.  M.  Torrance  and 
N.  Knight,  G.  D.  van  Cleeff,  and  M.  E.  Dougal  observed  that  in  the  dialysis  of  the 
green  soln.,  more  sulphuric  acid  passes  through  the  membrane  than  is  the  case 
with  the  violet  soln.  C.  Montemartini  and  L.  Losana  studied  the  viscosity  of 
the  soln.  P.  W.  Bridgman  gave  for  the  compressibility  of  chrome-alum  at  30°, 
-3u/vo=64-86  x 10-7p-112-5  x HT^. 

W.  Spring  gave  for  the  thermal  expansion  the  linear  coeff.  0-04246  between 
0°  and  60°.  H.  Kopp  found  the  sp.  ht.  to  be  0-324.  A.  Eucken  and  G.  Kuhn 
found  the  sp.  ht.  at  — 190°  to  be  0-00242,  and  the  value  at  0°,  0-00426.  According 
to  C.  Pape,  the  crystals  are  stable  in  air  ; but  uninjured  crystals  effloresce  at  29°. 
N.  W.  Fischer  added  that  when  the  salt  is  impure  it  will  effloresce  on  the  surface 
when  exposed  to  air,  and,  if  chromic  sulphate  be  in  excess,  it  will  assume  a green 
colour,  and  a violet  colour  if  the  potassium  sulphate  predominates.  G.  D.  van 
Cleeff,  and  J.  Juttke  observed  that  the  salt  loses  12  to  13  mols.  of  water 
v when  confined  over  sulphuric  acid,  in  vacuo  ; and  H.  Lowel  added  that  a similar 
amount  is  lost  over  quicklime,  or  cone,  sulphuric  acid,  at  25°  to  30°,  and  no  more 
is  lost  by  the  granular  mass  at  80°  to  90°  ; at  100°  or  over,  it  loses  more  water  and 
becomes  green.  J.  Juttke  observed  that  all  the  water  can  be  expelled  at  100° 
without  the  alum  becoming  insoluble  or  decomposing  ; and  G.  D.  van  Cleeff  observed 
a loss  of  21  mols.  of  water  at  110°.  W.  Muller-Erzbach  found  that  at  0-49  mm.  press, 
and  27-8°,  half  the  water  of  crystallization  is  given  off,  and  the  residue  when  kept 
7 days  at  30°  loses  very  little  more  water.  For  the  dissociation  press.,  p mm. 
in  the  reaction  : KCr(S04)2.12H2CMKCr(S04)2.6H20-|-6H20,  H.  Lescceur  and 
D.  Mathurin  observed  p= 3-7  at  10°  ; 6-0  at  15°  ; 9-1  at  20°  ; 12-3  at  25°  ; 16-7 
at  30°  ; and  23-8  at  35°  : while  F.  Ephraim  and  P.  Wagner  gave 

31°  40°  50°  55°  60°  70°  73°  77-5°  79° 

p . 15  31  63  86  119  202  224  250  260 

R.  Hollmann  gave  p—13-2  mm.  at  17°  to  19°';  and  he  also  obtained  values 
for  solid  soln.  of  the  chromium  and  aluminium  alums.  H.  Lescoeur  and 
D.  Mathurin  found  that  over  cone,  sulphuric  acid  the  alum  loses  half  its  water 
of  crystallization  and  passes  into  a lilac-coloured  powder  which  does  not  lose  its 
colour  at  75°.  At  20°,  the  dissociation  press.,  p mm.  of  the  moist  alum, 
KCr(S04)2  : wH20,  is  15-25  mm.  for  n=13-05,  and  15-0  for  rt=12-3  ; for  »=12'1, 
P= 9-8,  and  the  violet  powder  produced  when  «=ll-8,  has  p= 9-1.  This  value 
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of  p remains  approximately  constant  up  to  n=6-01.  When  71=5-72,  a lilac  powder 
is  formed  with  p= 3-2,  and  for  n=5-4,  p=3-2.  When  w=3-92,  p is  less  than  1*5  ; 
and  when  n=2-35,  p is  less  than  1-0.  The  w=6-hydrate  was  found  by  A.  Recoura 
to  lose  no  water  between  80°  and  90°,  but  at  110°  it  gives  off  4 mols.  and  becomes 
green.  A.  Beutel  found  that  the  velocity  with  which  water  is  expelled  is  accelerated 

by  exposing  the  crystals  to  visible 
and  ultra-violet  light.  Observations 
on  the  dissociation  of  the  alums 
were  also  made  by  E.  J.  Maumene, 
and  P.  de  Boissieu.  When  the  salt 
is  heated  to  200°,  N.  W.  Fischer,  and 
C.  Hertwig  found  that  22  mols.  of 
water  are  given  off,  and  the  re- 
mainder between  300°  and  400°. 
E.  Moles  and  M.  Crespi  found  that 
the  salt  K[Cr(H20)6](S04)2.6H20 
loses  about  5-9  mols.  of  water  at 
18°,  and  at  60° ; while  K[Cr(H20)6](S04)2  loses  5-30  mols.  of  water  at  140°;  and 
KCr(S04)2.H20  loses  0-9  mol.  at  350°.  According  to  H.  Lowel,  when  the  salt 
is  gradually  heated  between  300°  and  350°  it  furnishes  the  anhydrous  soluble 
salt ; but  over  350°,  without  losing  much  weight,  it  forms  the  yellowish-green 
insoluble  salt.  F.  Krauss  and  co-workers’  observations  on  the  effect  of  heat  on 
potash-chrome-alum  can  be  represented  by  Fig.  83.  The  anhydrous  salt  begins 
to  lose  sulphur  trioxide  at  612°. 

The  salt  melts  in  its  water  of  crystallization  at  80°  to  90°.  W.  A.  Tilden,  and 
J.  Locke  gave  89°  for  the  m.p.  H.  C.  Jones  and  E.  Mackay  found  for  the  f.p. 
of  soln.  of  117-44,  29-36,  and  5-872  grms.  of  KCr(S04)2.12H20  in  a litre  of  water, 
the  respective  values  —0-888°,  -0-267°,  and  —0-065°. 

J.  Thomsen  found  the  heat  of  soln.  for  a mol  of  KCr(S04)2.12H20  to  be  —9-564 
Cals,  at  8°  to  11°  ; and  P.  A.  Favre  and  C.  A.  Valson,  — 9-651  Cals,  at  8°  to  11°  ; 
and  — 9-499  Cals,  at  19°  to  21°.  Cone.  soln.  were  found  to  give  almost  the  same 
numbers,  but  the  partially  dehydrated  salt  gave  3-825  Cals.  H.  Lowel,  and 
W.  R.  Whitney  found  that  barium  chloride  precipitates  all  the  sulphate  from  the 
violet  soln.  in  the  cold ; and  P.  A.  Favre  and  C.  A.  Valson  observed  that  for  a 
mol  of  KCr(S04)2,  the  heat  of  precipitation  is  14-767  Cals.  The  heat  required 
for  precipitation  of  the  first  half  of  the  S04  is  7-514  Cals.,  and  for  the  second  half, 
7-388  Cals. ; similarly,  for  successive  quarters,  the  heats  of  precipitation  are 
respectively  3-680,  3-702,  3-665,  and  3-699  Cals.  P.  A.  Favre  and  C.  A.  Valson, 
and  W.  R.  Whitney  found  that  only  half  the  sulphate  is  precipitated  at  once  from 
the  green,  modified  soln.  The  total  heat  of  precipitation  was  found  by  P.  A.  Favre 
and  C.  A.  Valson  to  be  8-251  Cals,  per  mol  of  KCr(S04)2,  and  for  the  first  and 
second  halves  8-142  Cals  and  0-204  Cals,  respectively ; while  for  the  first,  second, 
and  third  quarters,  the  values  were  4-104  Cals.,  4-102  Cals.,  and  0-146  Cal. 
respectively.  The  heat  of  precipitation  for  §K2S04  is  3-3  Cals. ; for  JCr2(S04)3, 
4-9  Cals. : and  for  §H2S04,  5-053  Cals.  This  shows  that  only  half  the  contained 
sulphate  is  precipitable  at  once  by  barium  chloride  from  a freshly  prepared  soln. 
of  the  salt. 

C.  Soret  observed  that  the  index  of  refraction,  p,  at  0°  to  17°,  for  light  of  different 
wave-lengths,  A,  is : 

A . (7 -line  F-line  6-line  .E-line  D-line  G'-line  S-line  A-line 

H . 1-49309  1-48753  1-48513  1-48459  1-48137  1-47805  1-47738  1-47642 

C.  Soret  and  co-workers  found  that  refractive  indices  of  the  green  soln.  to  be  less 
than  those  of  violet  soln.  J.  H.  Gladstone  gave  for  the  sp.  refraction  for  the  4 -line, 
(/x  — 1)/Z>=0-2616  ; and  for  the  sp.  dispersion  {pA—po)/D=0-0028.  J.  Formanek 
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83. — The  Action  of  Heat  on  Potassium 
Chrome-alum. 
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observed  that  the  absorption  spectrum  of  the  violet  soln.,  Fig.  84,  has  a weak 
band  at  671*8,  and  a stronger  one  between  610  and  540  with  a maximum  at  578  ; 
at  470,  the  absorption  of  short  waves  begins  ; J.  M.  Hiebendaal  observed  a weak 
band  at  658,  and  a stronger  one  between  590  and  535  ; A.  Stard  found  bands 
between  678  and  670,  and  between  654  and  633.  0.  Knoblauch  observed  a band 

between  610  and  558  ; and  W.  Bohlendorff,  strips  at  672,  and  640,  and  a band 
between  609  and  568.  Observations  were  also  made  by  W.  N.  Hartley,  H.  Sauer, 
G.  D.  Liveing  and  J.  Dewar,  and  K.  Vierordt.  H.  W.  Vogel  found  with  a violet 
soln.,  a strong  line  at  665,  a feebler  one  at  656,  and  a broad  band  with  a maximum 
at  589,  and  an  absorption  in  the  violet  begins  at  489.  The  solid  salt  does  not  show 
the  first  line,  and  the  band  is  more  towards  the  red.  J.  Formanek  found  that  the 
green  soln.  has  a strip  at  681,  and  a second  one  at  640  which  is  connected  with  a 
band  extending  as  far  as  540  with  a maximum  at  591.  The  absorption  in  the 
violet  begins  at  480,  Fig.  85.  J.  M.  Hiebandaal  found  with  thick  layers  of  soln. 


Figs.  84  and  85. — Absorption  Spectra  of  Solutions  of  Potassium  Chrome- Alum. 


a band  between  660  and  523,  and  an  absorption  beginning  at  469  ; with  thinner 
layers  of  soln.,  there  are  bands  between  673  and  667,  and  between  632  and  544  ; 
while  with  still  thinner  layers,  there  is  a band  between  613  and  535.  Observations 
were  also  made  by  W.  N.  Hartley,  and  W.  Bohlendorff.  H.  W.  Vogel  found  a small 
strip  at  686,  and  a band  between  656  and  530,  while  absorption  begins  at  486. 
The  solid  salt,  and  the  alcoholic  soln.  have  different  spectra.  H.  C.  Jones  and 
W.  W.  Strong,  K.  Grinakowsky,  and  A:  Byk  and  H.  Jaffe  studied  the  violet  and 
ultra-violet  spectra  of  the  soln.  ; H.  Sauer,  the  absorption  spectrum.  S.  Higuchi, 
the  ultra-red  spectrum  ; and  H.  du  Bois  and  G.  J.  Elias,  the  influence  of  magnetiza- 
tion and  temp,  on  the  spectra  of  the  solid  salts.  H.  M.  Vernon  estimated  the 
ionization  from  the  colour  of  aq.  soln.  M.  Bamberger  and  R.  Grengg  found  that  the 
colour  fades  as  the  temp,  approaches  —190°.  C.  Doelter  observed  that  radium 
radiations  change  the  crystals  into  a pale  violet  powder. 

H.  C.  Jones  and  E.  Mackay,  K.  Grinakowsky,  F.  Schmidt,  and  F.  S.  Svenson 
measured  the  electrical  conductivity,  p,  mhos,  of  soln.  of  the  salt ; H.  H.  Hosford 
and  H.  C.  Jones  obtained  the  accompanying  values  between  0°  and  35°,  and 
S.  F.  Howard  and  H.  C.  Jones  between  35°  and  65°,  for  violet  soln.  containing  a 
mol  of  KCr(S04)2.12H20  in  v litres.  The  computed  values  for  the  percentage 
degree  of  ionization,  a,  are  affected  by  the  formation  of  x per  cent,  of  the  green 
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V.  Monti  found  that  the  conductivity  of  the  green  soln.  is  greater  than  that  of  the 
violet  soln.  H.  C.  Jones  and  E.  Mackay  found  that  the  change  from  violet  to 
green  corresponds  with  the  change  in  the  conductivity  of  the  soln.  H.  H.  Hosford 
and  H.  C.  Jones,  and  S.  F.  Howard  and  H.  C.  Jones,  obtained  the  following 
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results  for 
soln. : 

green  soln. 

for  the 

temp. 

indicated 

in  connection 

with  the  violet 

V 
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16 

32 

128 

512 

1024 

2048 

4096 

r 0° 

. 107-4 

126-8 

146-5 

188-9 

224-2 

244-4 

— 

290-2 

\ 12-5° 

138-2 

163-7 

190-5 

249-1 

301-4 

330-6 

— . 

402-8 

25° 

. 168-4 

199-9 

233-3 

308-9 

381-6 

425-2 

— 

531-5 

/ 35° 

194-0 

219-2 

270-4 

358-0 

474-9 

487-6 

535-9 

584-3 

V 65° 

248-1 

279-3 

352-6 

486-0 

699-3 

771-9 

903-3 

1017-0 

ai  35° 

33-20 

37-51 

46-27 

61-27 

81-28 

83-45 

91-72 

100-0 

“ l 65° 

24-39 

27-47 

34-67 

47-78 

68-76 

75-90 

88-81 

100-0 

H.  T.  S.  Britton  found  that,  at  18°,  a 0-0050iV-  and  0-0067iV-soln.  of  the 
violet  and  green  salts  have  respectively  an  e.m.f.  of  0-467  and  0-395  volt  against 
a iV-calomel  electrode  ; the  H'-ion  concentrations  are  j»h=3-19  and  1-94  ; and  the 
percentage  hydrolysis  is  2-16  and  28-7.  In  the  electrometric  titration  with  sodium 
hydroxide,  precipitation  began  with  the'e.m.f.  respectively  0-591  and  0-587  volt, 
when  the  H‘-ion  cone,  was  pn=5-30  and  5-27  ; or  when  1-00  and  1-21  eq.  of  alkali 
per  eq.  Cr  had  been  added ; and  precipitation  was  complete  when  2-75  and  2-71 
eq.  of  alkali  had  been  added.  F.  L.  S.  Jones  studied  the  formation  of  complex 
anions  in  soln. — vide  supra,  chromic  sulphate.  According  to  N.  Demassieux  and 
J.  Heyrovsky,  the  polarization  curves  obtained  in  the  electrolysis  of  tervalent 
chromium  soln.  show  inflexions  corresponding  with  either  Cr"’-:->Cr"+®  or 
Cr'"->Cr+3®.  The  curves  show  that  the  less  hydrated  chromium  ions  in  the 
green  salts  are  reduced  and  discharged  at  potentials  which  are  more  positive  than 
those  at  which  the  more  hydrated  chromium  ions  in  the  violet  salts  become  reduced. 
This  is  true  of  the  chloride  and  sulphate  soln.,  although  with  the  latter  the 
abnormally  great  displacements  of  the  potentials  at  which  reduction  occurs  indicate 
that  the  complexity  of  the  ions  varies  with  dilution  in  passing  from  the  green  to 
the  violet  form,  The  potentials  at  which  reduction  occurs  in  potassium  and 
rubidium  chrome  alum  soln.  are  coincident,  and  indicate  the  progressive  dissocia- 
tion of  the  anion  complexes.  No  reduction  occurs  in  alkaline  chromium  hydroxide 
soln.,  which  is  regarded  as  proof  of  the  colloidal  nature  of  the  hydroxide,  in  contrast 
with  soln.  of  zincates  and  plumbites  in  which  reduction  has  been  observed. 

C.  Montemartini  and  L.  Losana  studied  the  e.m.f.  of  soln.  of  the  salt. 
A.  Hagenbach  made  observations  on  the  thermoelectric  force  of  the  soln.  E.  Feytis 

found  the  magnetic  susceptibility  of  the 
powdered  salt  to  be  ll-83xl0~6  mass  units; 
J.  G.  Konigsberger  found  for  the  soln.,  13  X 10“ 6 
mass  units  at  22° ; and  O.  Liebknecht  and 
A.  P.  Wills,  22xl0-6  mass  units  at  18°. 
P.  Pascal  found  the  mol.  magnetic  suscepti- 
bility to  be  2x629xl0-5.  L.  A.  Welo’s  mea- 
surements of  the  magnetic  susceptibility  of 
solid  and  molten  alum  are  summarized  in  Fig.  86. 
The  Curie  point,  C=x(T—d),  for  the  solid  and 
molten  potassium  chromic  alum  are  Cg=2-02, 
C/=l-67  ; 0g=— 37°;  and  0j=17°. 

N.  W.  Fischer  observed  that  100  parts  of 
cold  water  dissolve  16-7  parts  of  the  chrome  alum. 
J.  Locke  found  that  a litre  of  water  dissolves  243-9  grms.  of  KCr(S04)2.12H20, 
or  125-1  grms.  of  KCr(S04)2.  The  aq.  soln.  of  the  violet  salt  has  an  acidic  re- 
action, and  when  the  salt  has  been  precipitated  many  tirnes  by  alcohol  from 
its  aq.  soln.  H.  Baubigny  and  E.  Pechard  found  that  a soln.  neutralized 
by  ammonia  with  methyl-orange  as  indicator,  gave  crystals  which  had  an 
acidic  reaction  ; and  the  soln.  also  reacts  acidic  after  standing  a little  while. 
F.  P.  Venable  and  F.  W.  Miller  also  found  that  the  green  modified  soln.  is  also 
acidic.  A.  and  L.  Lumiere  and  A.  Seyewetz  found  that  a considerable  quantity 


Fig.  86. — The  Magnetic  Suscepti- 
bilities of  Hydrated  Chromium 
Salts — Solid  and  Molten. 
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of  alkali-lye  can  be  added  to  the  violet  soln.  without  giving  a precipitate  ; a soln. 
of  100  grms.  of  the  alum  will  take  up  alkali-lye  eq.  to  8-435  grms.  of  H2S04,  at 
ordinary  temp,  or  at  50°,  before  it  yields  a permanent  turbidity  ; at  100°,  alkali-lye 
eq.  to  12-8  grms.  of  H2S04  is  similarly  taken  up.  F.  Ulffers  observed  that  a cold, 
cone.,  aq.  soln.  of  the  alum  takes  up  nearly  a mol  of  alkali  per  gram-atom  of 
chromium,  and  at  the  same  time  the  soln.  becomes  green.  According  to  E.  J.  Mills 
and  R.  L.  Barr,  a turbidity  appears  in  a soln.  of  chrome-alum  when  2 mols  of 
Na2C03  per  mol  of  Cr2(S04)3  have  been  added  ; and  L.  Meunier  and  P.  Caste 
found  that  chrome  alum  soln.  undergo  hydrolysis  and  the  basic  chromic  salts  so 
formed  polymerize  under  the  action  of  heat  and  more  slowly  on  keeping.  The 
neutralization  of  the  sulphuric  acid  formed  by  the  hydrolysis  by  the  sodium 
carbonate,  is  accompanied  by  the  liberation  of  carbon  dioxide,  and  this  is  expelled 
from  the  soln.  by  increase  of  temp,  or  agitation.  The  precipitation  is  due  to  the 
sodium  carbonate  acting  as  a neutralizing  agent  and  also  as  a coagulating  agent 
on  the  colloidal  soln.  of  the  chromium  hydroxide  or  the  polymerized  basic  chromium 
salts.  For  W.  J.  Chater  and  J.  S.  Mudd’s  observations  on  the  H‘-ion  cone., 
vide  supra,  chromium  sulphate.  The  electrometric  titration  curves  of 
H.  T.  S.  Britton  for  violet  and  green  soln.  of  chrome-alum  are  shown  in  Fig.  79. 
N.  W.  Fischer  observed  that  by  the  spontaneous  evaporation,  of  the  violet  soln., 
the  salt  may  be  recovered  unchanged ; if  the  soln.  be  heated  between  50°  and 
75°,  it  becomes  green,  and  furnishes,  on  evaporation,  a green  soluble,  amorphous 
mass  or  else  it  yields  crystals  of  potassium  sulphate  leaving  green  chromic  sulphate 
in  soln.  ; but  H.  Lowel  added  that  the  chromic  sulphate  hinders  the  crystallization 
of  the  potassium  sulphate.  H.  Lowel  also  observed  that  if  the  chrome-alum  in  a 
sealed  tube  be  melted  in  its  water  of  crystallization,  and  cooled  to  — 20°,  there 
remains  a viscid  liquid,  which,  when  evaporated  at  25°  to  30°,  loses  about  18  mols. 
of  water  ; if  allowed  to  stand  2 or  3 weeks  under  a bell-jar  over  water,  it  takes 
up  15-20  per  cent,  of  the  original  quantity.  If  a soln.  of  alum  be  dissolved  in 
twice  or  thrice  its  weight  of  water,  the  green  soln.  very  slowly  deposits  crystals 
of  chrome-alum.  D.  Gernez  observed  that  seeding  the  green  liquid  with  crystals 
of  alum  favours  the  formation  of  crystals  of  chrome-alum.  V.  A.  Jacquelain  said 
that  the  re-formation  of  crystals  of  chrome-alum  from  the  green  soln.  occurs  at 
2° ; and  H.  Lowel,  at  20°  to  30°.  H.  Lowel  also  found  that  if  chrome-alum  be 
melted  in  a sealed  tube,  or  if  a soln.  of  chrome-alum  in  one  or  two  parts  of  water 
be  boiled  in  a flask  which  is  closed  while  the  soln.  is  boiling,  no  crystallization 
occurs  even  if  the  vessels  be  shaken  after  standing  for  a year  ; but  the  crystalliza- 
tion of  the  undercooled  or  supersaturated  liquid  starts  immediately  the  vessel  is 
opened. 

L.  de  Boisbaudran  observed  that  the  violet  soln.  prepared  in  the  cold  gradually 
becomes  greener  ; while  the  green  soln.  prepared  by  heat,  slowly  becomes  blue. 
In  the  former  case,  the  soln.  increases  in  vol.  owing  to  the  salt  giving  up  combined 
water  ; and  in  the  latter  case  the  soln.  decreases  in  vol.  owing  to  the  salt  taking 
up  water.  K.  Grinakowsky  said  that  the  absorption  spectra,  and  the  electrical  con- 
ductivities of  the  soln.  indicated  that  78°  is  the  transition  temp,  for  the  violet 
to  the  green  soln.  The  transformation  has  been  discussed  by  G.  D.  van  Cleeff, 
M.  E.  Dougal,  W.  R.  Whitney,  A.  Recoura,  F.  P.  Venable  and  F.  W.  Miller,  etc. 
— vide  supra,  chromic  chloride.  A.  Mitscherlich  observed  that  if  the  soln. — 
with  or  without  admixture  with  potassium  sulphate — be  heated  to  200°,  an 
amorphous  precipitate  is  formed  which  is  supposed  to  be  chromium-low igite,  or 
the  enneahydrate,  K2S04.Cr2(S04)3.9H20.  F.  P.  Venable  and  F.  W.  Miller  said 
that  the  same  salt  is  precipitated  by  adding  alcohol  to  a freshly  prepared  soln. 
of  the  violet  salt.  According  to  C.  R.  C.  Tichborne,  if  a soln.  of  chrome-alum  be 
heated  in  sealed  tubes  for  2 or  3 hrs.  at  177°,  a basic  sulphate  is  precipitated ; 
and  a dil.  soln.  of  chrome-alum  is  instantly  dissociated,  or  hydrolyzed  when  dropped 
into  a flasko  of  biling  water,  for  the  contents  of  the  flask  become  turbid  and  opaque. 
The  precipitate  redissolves  on  cooling,  and  even  during  boiling  if  the  chrome-alum 
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is  gradually  added.  He  concluded  that  “ the  green  colour  of  chromic  salts  is 
due  to  the  basylous  condition  ” — vide  sujpra,  H.  T.  S.  Britton’s  observations. 
H.  Lowel  found  that  barium  chloride  precipitates  all  the  S04  from  a cold,  freshly 
prepared,  violet  soln.,  but  only  part  of  the  S04  is  precipitated  from  the  green  soln., 
so  that  when  the  filtrate  is  heated,  the  addition  of  barium  chloride  precipitates 
more  S04.  C.  Montemartini  and  L.  Losana  studied  the  solubility  of  the  salt 
in  sulphuric  acid.  According  to  M.  Kruger,  alcohol  precipitates  from  the  violet 
soln.  the  unchanged  violet  salt — vide  supra — but  the  green  soln.  furnishes  a green 
oily  liquid  which  gradually  solidifies,  and  which  contains  three-fourths  of  the 
S04-radicle,  the  remaining  quarter  remains  dissolved  in  the  alcohol ; and  M,  Siewert 
added  that  the  oily  precipitate  contains  K20  : Cr203  : S03=6  : 5 : 18,  and  the 
soln.  2:3:  14.  G.  N.  Wyroubolf  observed  that  the  same  amount  of  chromic 
oxalate  is  precipitated  by  the  addition  of  alkali  oxalate  to  the  freshly  prepared 
violet  soln.  as  to  a soln.  which  has  been  kept  at  30°  for  some  time.  H.  Lowel 
observed  that  zinc  and  iron  react  with  a soln.  of  the  salt  as  in  the  case  of  chromic 
chloride  (q.v.). 

As  indicated  above,  H.  Lowel  found  that  if  chrome-alum  be  heated  gradually 
between  300°  and  350°,  it  is  transformed  into  green,  anhydrous,  K2S04.Cr2(S04)3, 
which  is  a pseudomorph  after  the  hydrate,  and  quickly  dissolves  in  boiling  water. 
If  chrome-alum  be  heated  a little  above  350°,  or,  according  to  C.  Hertwig,  between 
300°  and  400°,  until  all  the  water  is  expelled,  the  anhydrous,  green,  insoluble  salt 
is  formed.  This  salt,  said  N.  W.  Fischer,  is  lilac-coloured  when  hot,  yellowish -green 
when  cold.  C.  Hertwig,  and  H.  Lowel  found  that  if  the  salt  be  heated  just  below 
redness  it  loses  5-8  per  cent,  of  sulphur  trioxide,  and  at  a full  red-heat,  the  chromic 
sulphate  forms  chromic  oxide.  The  potassium  sulphate  can  be  removed  by  washing 
with  water.  The  salt  is  decomposed  if  boiled  for  a long  time  with  alkali-lye  with  the 
separation  of  chromic  oxide.  The  salt  is  not  decomposed  by  cold  or  boiling  water, 
hydrochloric  acid,  sulphuric  acid,  nitric  acid,  or  aq.  ammonia.  M.  Traube  heated 
potassium  dichromate  with  a large  excess  of  cone,  sulphuric  acid,  and  at  160°  to 
180°  obtained  a mush  of  a green,  insoluble  double  salt,  and  a green  liquid  ; at  240°, 
there  is  produced  a greyish-red  substance.  These  products  contain  the  more 
potassium  sulphate  the  lower  the  temp.,  and  the  shorter  the  time  of  contact  with 
the  acid.  W.  Wernicke  obtained  some  analogous  products. 

According  to  N.  W.  Fischer,  and  C.  Hertwig,  a dihydrate,  K2S04.Cr2(S04)3.2H20, 
is  formed  when  potassium  chrome-alum  is  heated  to  200°  so  long  as  it  continues 
to  lose  water.  The  dark  green,  porous  residue  slowly  dissolves  when  boiled  for  a 
long  time  with  water,  and  more  rapidly  if  hydrochloric  acid  be  present.  Water 
and  dil.  sulphuric  or  hydrochloric  acid  do  not  act  on  the  salt  at  ordinary  temp,  in 
the  course  of  several  days.  The  salt  is  decomposed  by  warm,  aq.  ammonia  which 
separates  as  dark-green  chromic  oxide,  soluble  in  hydrochloric  acid.  P.  N.  Pavlolf 
studied  the  action  of  soln.  of  chrome-alum  on  leather.  The  enneahydrate, 
K2S04.Cr2(S04)3.9H20,  and  the  telracosihydrale,  ordinary  chrome-alum,  have  been 
discussed  above.  F.  Fichter  and  E.  Brunner  observed  that  fluorine  is  a powerful 
oxidizing  agent.  They  showed  that  a soln.  of  chromium  alum,  acidified  with  very 
dil.  sulphuric  acid,  is  not  altered  by  the  passage  of  fluorine  for  several  hours,  but 
if  the  cone,  of  free  acid  is  as  high  as  1*5 IV,  a regular  oxidation  to  chromic  acid  sets 
in,  and  is  easily  recognized  by  the  change  of  colour  from  violet  to  orange-yellow. 
Higher  cone,  of  sulphuric  acid  up  to  7-5 N have  the  same  effect.  The  oxidation  is 
certainly  indirect,  for  if  the  amount  of  chromic  acid  is  determined  by  titration,  the 
fresh  soln.,  which  evolves  ozone,  has  about  1-5  times  the  possible  oxidizing  power. 
After  standing  overnight  or  heating  on  a water-bath,  the  excess  of  oxidizing  sub- 
stances is  destroyed,  and  the  soln.  has  an  oxidizing  value  corresponding  exactly 
to  the  theoretical  amount  of  chromic  acid.  The  oxidizing  substance  must 
be  sulphuric  tetroxide,  for  it  is  effective  at  0°,  whereas  persulphate  oxidizes 
chromic  salts  only  at  higher  temp.  The  cone,  sulphuric  acid  is  assumed 
to  exert  two  functions  : (i)  to  furnish  sulphur  tetroxide  as  an  intermediate  com- 
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pound  ; and  (ii)  to  prevent  the  formation  of  hydrogen  dioxide  and  hence  of  per- 
chromic  acid  which  would  lead  to  reduction.  According  to  L.  Meunier  and  P.  Caste, 
the  amount  of  sodium  carbonate  necessary  to  produce  a permanent  precipitate 
in  a soln.  of  chrome-alum  varies  with  the  age  and  method  of  preparation  of  the  soln. 
Immediately  after  the  soln.  has  been  prepared,  there  is  a relatively  short  period 
during  which  the  amount  of  sodium  carbonate  required  increases  with  the  time 
up  to  a maximum  which  varies  with  the  dilution  and  the  temp.  This  period  is 
longer  and  more  marked  the  more  cone,  is  the  soln.  and  the  lower  the  temp.  After 
this  maximum,  there  is  a relatively  long  second  period,  which  may  last  several 
months  during  which  the  amount  of  sodium  carbonate  required  decreases  slowly 
with  the  time.  At  high  temp.,  and  particularly  at  100°,  the  two  periods  are  of  such 
short  duration  that  the  end  of  . their  combined  action  is  almost  immediate.  It  is 
supposed  that  immediately  on  its  dissolution  in  water,  chromium  sulphate  under- 
goes a partial  hydrolysis.  The  chromium  hydroxide  and  chromium  sulphate 
interact  to  give  a less  ionized  complex  more  stable  towards  sodium  carbonate.  This 
process  predominates  at  first.  This  immediate  hydrolysis  progresses  and  is  slowly 
accentuated  and  the  ionic  cone,  is  increased  until  the  second  process  gradually 
predominates,  with  the  consequent  requirement  of  less  sodium  carbonate  for  the 
precipitation  of  the  chromium  hydroxide.  F.  E.  Brown  and  J.  E.  Snyder  observed 
that  a crystal  of  chrome-alum  blackens  when  boiled  with  vanadium  oxytrichloride. 

T.  Klobb  obtained  hexagonal  crystals  of  ammonium  potassium  chromium 
sulphate,  (NH4,K)2S04.Cr2(S04)3,  as  solid  soln.  isomorphous  with  the  anhydrous 
alums,  by  fusing  a mixture  of  potassium  chrome-alum  with  ammonium  sulphate. 
The  salt  is  not  attacked  by  boiling  water.  By  operating  in  an  analogous  manner, 
ammonium  aluminium  chromium  sulphate,  (NH4)2S04.(Cr,Al)2(S04)3,  and  ammo- 
nium ferric  chromium  sulphate,  (NH4)2S04.(Cr,Fe)2(S04)3,  were  obtained  as  iso- 
morphous mixtures. 

J.  H.  Gladstone,  and  H.  Erdmann  prepared  rubidium  chromium  sulphate,  or 
rubidium  disulphatochromiate,  Rb2S04.Cr2(S04)3.24H20,  or  RbCr(S04)2.12H20, 
from  a soln.  of  the  component  salts.  It  furnishes  violet  octahedra  which,  according 
to  0.  Pettersson,  have  the  sp.  gr.  1*968  at  16*8°.  J.  H.  Gladstone  gave  1*946  for  the 
sp.  gr.  J.  Locke  said  that  the  salt  melts  at  107°  in  its  water  of  crystallization. 
F.  Ephraim  and  P.  Wagner  found  the  vap.  press.,  p mm.,  of  the  hydrate  to  be  : 

40°  51°  61-5°  71°  79-5°  84°  90° 

p . . 25  42  86  166  250  355  414 

C.  Soret  found  the  index  of  refraction,  p,  for  the  wave-length,  A at  12°  to  17°,  to  be  : 

A . O'-line  .F-line  6-line  i?-line  D-Yme  O-line  ZMine  A -line 
ft  . 1-49323  1-48775  1-48522  1*48486  1-48151  1-47868  1-47756  1-47660 

J.  H.  Gladstone  gave  for  the  sp.  refraction  for  the  ^4 -line  (p  — l)/D=0-2444  ; and 
for  the  sp.  dispersion  (pA  —pG)/D— 0-0090.  H.  Sauer  studied  the  absorption  spec- 
trum. H.  Erdmann  found  that  the  salt  is  sparingly  soluble  in  cold  water,  and  that 
the  soln.  becomes  green  when  heated.  J.  Locke  gave  for  the  solubility  in  a litre 
of  water  at  25°,  43-4  grms.  of  the  hydrated  and  25*7  grms.  of  the  anhydrous  salt. 
N.  Demassieux  and  J.  Heyrovsky  studied  the  polarization  curves — vide  supra. 

J.  H.  Gladstone,  and  C.  Soret  prepared  caesium  chromium  sulphate,  or  caesium 
disulphatochromiate,  Cs2S04.Cr2(S04)3.24H20,  or  CsCr(S04)2.12H20,  from  a soln. 
of  the  component  salts.  J.  H.  Gladstone  gave  2*043  for  the  sp.  gr.  J.  Locke  found 
the  m.p.  to  be  116°.  F.  Ephraim  and  P.  Wagner  gave  for  the  vap.  press.,  p mm., 

44°  71-8°  80°  81-5°  90°  95° 

p . .14  119  224  250  411  512 

C.  Soret  observed  the  index  of  refraction,  p,  for  light  of  wave-length,  A,  at  6°  to 
12°,  to  be  : 

A . G'-line  .F-line  6-line  .K-line  D-line  C-line  fi-line  A -line 

. 1-49280  1-48723  1-48491  1-48434  1-48100  1-47836  1-47732  1-47627 
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J.  H.  Gladstone  gave  for  the  Sp.  refraction  for  the  A -line  (/a  — 1)/Z)=02326  ; and 
for  the  sp.  dispersion,  — /ac)/Z)= 0-0086.  H.  Sauer  studied  the  absorption 

spectrum.  J.  Locke  found  for  the  solubility  in  a litre  of  water  at  25°,  9-4  grms. 
for  the  hydrated,  and  5-7  grms.  for  the  anhydrous  salt.  The  soln.  becomes  green 
above  95°. 

E.  Carstanjen,  J.  E.  Willm,  and  0.  Pettersson  prepared  thallium  chromium 
sulphate,  or  thallium  disulphatochromiate,  Tl2S04.Cr2(S04)3.24H20,  or  TlCr(S04)2. 
12H20,  from  a soln.  of  the  component  salts.  The  octahedral  crystals  appear  almost 
black  ; they  appear  red  by  transmitted  light.  J.  H.  Gladstone  gave  2-388  for  the 
sp.  gr.  ; J.  Locke,  92°  for  the  m.p.  ; and  F.  Ephraim  and  P.  Wagner,  for  the  vap. 
press.,  ])  mm., 

33°  50°  68°  78-5°  87-5°  94°  102° 

p . .8  44  155  250  394  507  672 

The  index  of  refraction,  p,  for  light  of  wave-length  A at  9°  to  25°,  was  found  by 
C.  Soret  to  be  : 

A . (7-line  F-line  6-line  i?-line  77-line  C-line  27-line  ^4-lino 

p . 1-53808  1-53082  1-52787  1-52704  1-52280  1-51923  1-51798  1-51692 

J.  H.  Gladstone  found  the  sp.  refraction  for  the  A -line  to  be  (p  — 1)/Z)=0-2161  ; 
and  the  sp.  dispersion,  (p^  — /xq) ID =0-0092.  H.  Sauer  studied  the  absorption 
spectrum.  J.  Locke  observed  that  a litre  of  water  at  25°  dissolves  163-8  grms.  of 
the  hydrated  or  104-8  grms.  of  the  anhydrous  salt. 

A series  of  salts  of  the  type  3R2S04.Cr2(S04)3,  or  R3Cr(S04l3,  or  R3[Cr(S04)3], 
has  been  prepared  in  the  dry  way,  but  not  by  wet  processes.  The  salts  may  be 
identical  with  A.  Recoura’s  chromotrisulphuric  acid.  T.  Klobb  found  that  when 
chromic  oxide,  chloride,  or  sulphate  is  fused  with  ammonium  sulphate,  ammonium 
trisulphatochromiate,  (NH4)3Cr(S04)3,  is  formed  in  pale  green,  acicular  crystals, 
which  become  rose-coloured  when  heated.  If  the  fusion  is  prolonged,  anhydrous 
ammonium  chrome-alum  is  formed.  Ammonium  trisulphatochromiate  is  insoluble 
in  cold  water,  and  it  is  slightly  attacked  by  boiling  water,  dil.  acids,  and  dil.  alkali- 
lye.  It  is  not  changed  at  350°,  but  it  decomposes  at  a red-heat  forming  chromic 
oxide.  W.  Wernicke  prepared  lithium  trisulphatochromiate,  Li3[Cr(S04)3],  by 
fusing  chromic  oxide  with  lithium  hydrosulphate,  adding  cone,  sulphuric  acid  to 
the  cold  mass,  and  fusing  the  mixture  again.  The  properties  resembled  those  of 
the  potassium  salt.  W.  Wernicke  obtained  sodium  trisulphatochromiate, 
Na3[Cr(S04)3],  in  a similar  manner  ; and  C.  Pagel,  by  melting  a mixture  of  sodium 
hydrosulphate,  and  ammonium  and  chromic  sulphates  (5  : 2.5  : 1)  as  in  the  case 
of  the  potassium  salt ; and  also  by  heating  sodium  dichromate  and’  chloride  in  the 
presence  of  an  organic  reducing  agent,  and  treating  the  product  with  sulphuric 
acid.  The  salt  forms  prismatic  or  acicular  crystals,  and  behaves  like  the  potassium 
salt.  W.  Wernicke  obtained  potassium  trisulphatochromiate,  K3[Cr(S04)3],  by 
melting  potassium  pyrosulphate  with  anhydrous  chrome-alum,  or  chromic  sulphate 
or  oxide,  and  extracting  the  cold  mass  with  hot  water.  A.  fitard  prepared  it  by 
melting  chromic  chloride  and  potassium  hydrosulphate  at  a red-heat ; and  T.  Klobb, 
by  melting  a mixture  of  chrome-alum,  and  ammonium  and  potassium  sulphates 
(1:4:4).  The  green  powder  was  found  by  W.  Wernicke  to  appear  violet-red  when 
hot ; it  consists  of  six-sided  rhombic  or  hexagonal  needles.  C.  Pagel  said  that  the 
crystals  are  hexagonal ; and  T.  Klobb  added  that  they  are  probably  isomorphous 
with  the  corresponding  ammonium  salt.  The  compound  loses  S03  when  heated 
to  redness,  and,  according  to  W.  Wernicke,  it  is  insoluble  in  water,  acids,  and  dil. 
alkali-lye,  but  it  is  decomposed  by  boiling  with  cone,  potash-lye. 

A.  Recoura  obtained  potassium  chromitetrasuiphate,  K2[Cr2(S04)4],  by  evapo- 
rating on  the  water-bath  a mol  of  green  chromic  sulphate  with  a mol  of  potassium 
sulphate  ; and  the  letrahydrale,  K2[Cr2(S04)4].4H20,  by  dehydrating  chrome-alum 
slowly  at  110°.  The  former  compound  is  dark  green,  and  it  is  soluble  in  water. 
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The  soln.  gives  no  immediate  precipitation  with  barium  chloride,  showing  that  all 
the  S04-radicles  are  masked.  The  isomeric  (K0)2Cr202(S03)4,  or  K2[Cr(S04)4], 
was  obtained  from  the  chromipolysulphuric  acid  (q.v.)  ; and  similarly  also  with 
sodium  chromitetrasulphate.  A.  Recoura  obtained  potassium  chromipentasulphate, 
K4[CT2(S04)5],  by  evaporating  on  a water-bath  a mol  of  green  chromic  sulphate 
with  2 mols  of  potassium  sulphate  ; if  3 mols  of  potassium  sulphate  are  employed, 
potassium  chromihexasulphate,  K0[Cr2(SO4)6],  is  formed.  Both  these  green  com- 
pounds are  soluble  in  water  ; and  all  the  S04-radicles  are  masked.  G.  N.  Wyrouboff 
discussed  the  composition  of  these  salts — vide  supra,  the  corresponding  acids. 

The  mixed  crystals  of  potassium  sulphate  and  chromate  were  discussed  in 
connection  with  potassium  chromate.  A.  Recoura  obtained  potassium  chromi- 
trisulphatochromate,  K2[Cr2(S04)3(Cr04)],  by  evaporating  on  a water-bath  a soln. 
of  a mol  of  the  green  sulphate  with  a mol  of  potassium  chromate.  The  dark  brown, 
amorphous  product  forms  a green  or  brown  soln.  with  water  ; the  aq.  soln.  readily 
decomposes  into  chromic  sulphate  and  potassium  chromate.  A.  Recoura  also 
prepared  potassium  chromitrisulphatodichromate,  K4[Cr2(S04)3(Cr04)2],  by  using 
a mol  of  green  chromic  sulphate  and  2 mols  of  potassium  chromate  ; with  three 
mols  of  potassium  chromate,  potassium  chromitrisulphatotrichromate, 
K6[Cr2(S04)3(Cr04)3],  is  formed.  The  properties  of  these  salts  are  similar.  According 
to  A.  Ktard,  a soln.  of  a mol  of  potassium  chromate  and  2 mols  of  magnesium  sulphate 
furnishes  monoclinic  prisms  of  potassium  magnesium  di3ulphatochromate, 
K2Cr04.2MgS04.9H20,  which  lose  5 mols.  of  water  at  100°,  and  all  the  water  at 
250°.  C.  von  Hauer  said  that  a third  of  the  S04-radicles  in  K2S04.MgS04.6H20 
can  be  replaced  by  the  Cr04-radicle  without  change  of  form.  A.  Duffour  showed 
that  A.  fitard’s  salt  is  an  arbitrary  stage  in  a series  of  isomorphous  mixtures  of 
nK2Cr(S04)2.6H20.(l-w)K2Mg(Cr04)2.6H20. 

S.  M.  Jorgensen2  prepared  chromic  hexamminosulphate,  [Cr(NH3)6]2(S04)3. 
5H20,  by  triturating  the  hexamminobromide  with  freshly  precipitated  silver  oxide 
and  water  ; the  filtrate  was  treated  with  dil.  chromic  sulphate,  and  the  salt  precipi- 
tated by  alcohol.  The  yellow  needles  lose  4 mols.  of  water  over  sulphuric  acid  ; 
and  at  100°,  the  water  is  expelled  in  a few  hrs.  The  salt  is  freely  soluble  in  hot 
water.  It  forms  a complex  chloroplatinate.  S.  M.  Jorgensen,  and  O.  T.  Christensen 
obtained  chromic  aquopentamminosulphate,  [Cr(NH3)5(H20)]2(S04)3.3H20,  and  as 
in  the  case  of  the  preceding  salt,  the  prismatic  crystals  are  freely  soluble  in  water  : 
they  lose  4 mols.  of  water  between  98°  and  100°.  The  salt  forms  a complex  chloro- 
platinate. A.  Werner  and  J.  L.  Klein  obtained  chromic  tetraquodiamminosulphate, 
[Cr(NH3)2(H20)4]2(S04)3,  by  dissolving  the  bromide  in  a little  dil.  hydrobromic 
acid,  adding  8 vols.  of  absolute  alcohol,  then  adding  dil.  sulphuric  acid,  and  washing 
the  crystals  with  alcohol  and  ether.  The  reddish-violet  plates  are  very  hygroscopic. 
P.  Pfeiffer  prepared  chromic  tetraquodipyridinosulphate,  [CrPy2(H20)4]2(S04)3. 
3H20,  and  also  the  hydrosulphate,  [CrPy2(H20)4]HS04.2H20.  For  the  hexaquo- 
salts,  see  the  chlorosulphates,  and  the  alums  M[Cr(H402)6](S04)2. 

H.  J.  S.  King  prepared  chromic  hydroxypentamminosulphate,  [Cr(NH3)5- 
(0H)]S04,  by  the  action  of  a soln.  of  chloropentamminochloride  on  ammonium 
sulphate  in  cone.  aq.  ammonia,  and  precipitation  by  the  addition  of  alcohol.  He 
gave  for  the  conductivity,  /z  mhos,  of  a mol  of  the  salt  in  v litres  : 


V 

32 
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( 0° 

59-4 

69-5 
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**  \ 25° 

. 117-6 

132-9 

158-3 

181-2 

208-2 
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254-2 

A.  Werner  and  J.  L.  Klein,  and  A.  Werner  and  J.  V.  Dubsky  obtained  chromic 
hydroxytriaquodiamminosulphate,  [Cr(NH3)2(H20)3(0H)]S04.H20,  by  the  action 
of  sulphuric  acid  on  chromic  dihydroxydiaquodiamminochlorobromide.  The  pale 
red  needles  were  insoluble  in  water,  and  soluble!  in  dil.  acetic  and  propionic  acids. 
The  acetic  acid  soln.  with  potassium  thiocyanate  forms  dihydroxydiaquodiam- 
minothiocyanate.  P.  Pfeiffer  and  M.  Tapuach,  and  P.  Pfeiffer  and  W.  Osann 
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prepared  chromic  hydroxytriaquodipyridinosulphate,  [CrPy2(H20)3(0H)]S04. 

O.  T.  Christensen  obtained  chromic  nitritopentamminosulphate,  [Cr(NH3)5- 
(N02)]S04.H20,  by  the  action  of  silver  sulphate  on  the  chloride  of  the  series.  The 
yellow  crystals  lose  water  with  decomposition  at  100° ; they  are  freely  soluble  in 
water  ; and  are  decomposed  by  dil.  sulphuric  acid.  S.  M.  Jorgensen  obtained 
chromic  chloropentamminosulphate,  [Cr(NH3)5Cl]S04.2H20,  by- treating  an  aq. 
soln.  of  the  chloride  with  silver  carbonate,  and  adding  dil.  sulphuric  acid  and  after- 
wards alcohol  to  the  filtrate.  The  carmine-red  prisms  are  freely  soluble  in  water.  All 
the  water  is  expelled  in  the  presence  of  cone,  sulphuric  acid,  or  at  100°,  a hydro- 
snlphate,  [Cr(NH3)5Cl]4(S04)(HS04)<i,  was  also  prepared.  A.  Benrath  found  that 
the  chloropentamminosulphate,  [Cr(NH3)5Cl]S04,  is  stable  in  the  presence  of 
0 to  70  per  cent,  sulphuric  acid,  but  with  more  cone,  acid,  4[Cr(NH3)5Cl]S04.3H2S04 
is  formed.  P.  T.  Cleve,  P.  Pfeiffer  and  S.  Basci,  P.  Pfeiffer  and  M.  Tilgner, 
and  S.  M.  Jorgensen  obtained  chromic  chloroaquotetramminosulphate, 
[Cr(NH3)4(H20)Cl]S04,  by  the  action  of  cold  cone,  sulphuric  acid  on  the  chloride 
of  the  series.  The  rose-red  or  dark  violet  rhombic  plates  are  sparingly  soluble  in 
cold  water,  and  freely  soluble  in  warm  water.  The  salt  is  decomposed  by  boiling 
in  acidic  soln.  Y.  Shibata  measured  the  absorption  spectrum.  A.  Werner  and 
A.  Miolati  gave  171-5,  195-1,  226-4,  and  262-6  mhos  for  the  conductivity  of  soln. 
with  a mol  of  the  salt  respectively  in  250,  500,  1000,  and  2000  litres  of  water  at  25°. 
The  pale  violet  precipitate  is  hygroscopic.  For  A.  Recoura’s,  R.  F.  Weinland  and 

R.  Krebs’,  and  R.  F.  Weinland  and  T.  Schumann’s  observations  on  chromic 
chloropentaquosulphate,  [Cr(H20)5Cl]S04,  vide  infra.  P.  T.  Cleve  also  prepared 
chromic  bromoaquotetramminosulphate,  [Cr(NH3)4(H20)Br]S04,  by  treating  an 
aq.  soln.  of  the  bromide  of  the  series  with  sodium  sulphate  and  sulphuric  acid, 
and  then  adding  alcohol.  The  rose-red,  crystalline  powder  is  freely  soluble  in 
water  ; and  when  the  aq.  soln.  is  boiled  the  salt  is  decomposed  with  the  deposition 
of  hydrated  chromic  oxide,  and  the  evolution  of  ammonia.  E.  H.  Riesenfeld 
and  F.  Seemann  treated  a soln.  of  chlorodiaquotriamminodichloride  with  cone, 
sulphuric  acid,  and  obtained  pale  violet,  hygroscopic  crystals  of  chromic  chloro- 
diaquotriamminosulphate,  [Cr(NH3)3(H20)Cl]S04.  S.  Guralsky,  and  A.  Werner 
prepared  violet  chromic  bromodiaquotriamminosulphate,  [Cr(NH3)3(H20)2Br]S04, 
by  the  action  of  sulphuric  acid  on  the  chloride  of  the  series  followed  by  alcoholic 
precipitation ; and  A.  Werner  and  R.  Huber,  N.  Bjerrum  and  G.  H.  Hansen  pre- 
pared chromic  bromopentaquosulphate,  [Cr(H20)5Br]S04.H20,  or  CrBrS04.6H20. 

P.  Pfeiffer  and  M.  Tapuach  prepared  chromic  dihydroxydiaquodipyridinosul- 
phate,  [CrPy2(H20)2(0H)2]2S04.12  or  14H20  ; and  P.  Pfeiffer  and  P.  Koch,  chro- 
mic cis-dichlorobisethylenediaminohydrosulphate,  [Cr  en2Cl2](HS04).  E.  Rosen- 
bohm  obtained  chromic  dichlorotetramminosulphate,  [Cr(NH3)4Cl2]2S04,  with 
the  magnetic  susceptibility  20-68  XlO-6  mass  units.  A.  Werner  obtained  chromic 
dichloraquotriamminosulphate,  [Cr(NH3)3(H20)Cl2]2S04,  by  treating  the  chloride 
of  the  series  with  sulphuric  acid.  The  blue  needles  form  a blue  soln.  with  water  ; 
and  the  salt  is  reprecipitated  by  the  addition  of  sulphuric  acid.  A.  Werner,  and 

S.  Guralsky  prepared  dark  green  crystals  of  chromic  dibromoaquotriamminosul- 
phate,  [Cr(NH3)3(H20)Br2]2S04,  by  the  action  of  sulphuric  acid  on  the  bromide  of 
the  series.  For  A.  Werner  and  R.  Huber’s  observations  on  chromic  dibromo- 
tetraquosulphate,  vide  infra.  P.  Pfeiffer  and  P.  Koch  prepared  chromic  cis- 
dithiocyanatobisethylenediammohydrosulphate,  [Cr  en2(SCy)2]HS04.UH20 ; and 

P.  Pfeiffer,  the  trans-salt. 

S.  M.  Jorgensen  prepared  both  the  rhodo-  and  the  erytkro-salts  of  chromic 
hydroxydecamminosulphate,  [Cr2(OH)(NH3)10]2(SO4)5.2H2O,  by  adding  sulphuric 
acid  to  an  aq.  soln.  of  the  thiocyanate  of  the  series.  The  carmine-red,  quadratic 
or  rectangular  plates  are  sparingly  soluble  in  cold  water.  S.  M.  Jorgensen  pre- 
pared carmine-red  prismatic  crystals  of  chromic  trihydroxyaquohexammino- 
sulphate,  [0r2(0H):i(H20)(NH3)6]2S04.3H2Q,  as  well  as  the  hydrosulphate, 
[Cr2(0H)(H20j(NH3)6]HS04.iH20.  P.  T.  Cleve  prepared  chromic  decahydroxy 
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tetramminosulphate,  Cr4(OH)10(SO4)(NH3)4.19H2O,  by  the  action  of  ammonia 
on  ammonium  chrome-alum.  P.  Pfeiffer  and  W.  Vorster  prepared  chromic  hexa- 
hydroxysexiesethylenediaminosulphate,  [Cr4(OH)6en6](SO4)3.10H2O.  M.  Z.  Jovit- 
schitsch  treated  a chromium  salt  with  a little  aq.  ammonia,  and  about  a gram  of 
the  light  grey  hydroxide  treated  with  just  enough  sulphuric  acid  to  dissolve  it, 
diluted  to  about  25  c.c.,  and  mixed  with  the  same  vol.  of  ammonia.  A grey 
precipitate  is  formed  which  redissolves  in  an  hour  or  two.  When  the  soln.  is 
treated  with  alcohol,  the  red  oil  which  is  formed,  when  freed  from  ammonium 
sulphate,  solidifies  to  a red  mass  of  chromic  dioxyhexamminodisulphate, 

(NH3)2=Cr.0.NH3.Cr=S04  1QH  Q 

(NH3)2^Cr.0.NH3.Cr=S04  2 

When  dried  over  sulphuric  acid,  it  loses  4H20,  but  when  left  in  contact  with  water, 
it  gradually  suffers  hydrolysis  and  becomes  paler,  the  acid  radicles  being  partly 
replaced  by  hydroxyl  groups.  It  is  stable  in  absolute  alcohol,  but  absorbs  carbon 
dioxide  when  exposed  to  the  air.  D.  Stromholm  prepared  platinic  dihydroxysul- 
phatoctamminochromatodichromate,  [Pt2(NH3)8(0H)2S04]Cr207(Cr04),  as  well 
as  platinic  hydroxysulphatotetramminodichromate,  [Pt(NH3)4(0H)(S04)]2Cr207j 
previously  obtained  by  P.  T.  Cleve. 

H.  Schiff  prepared  the  monohydrate  of  green  chromic  chlorosulphate, 
CrClS04.H20,  by  evaporating  at  about  50°  a soln.  of  basic  chromic  sulphate  in 
cold  hydrochloric  acid.  A.  Recoura,  and  A.  Werner  and  R.  'Huber  obtained  the 
hexahydrate  by  boiling  for  a quarter  of  an  hour  60  grms.  of  violet  chromic  sulphate 
with  50  c.c.  of  fuming  hydrochloric  acid,  and  allowing  the  mixture  to  stand  for 
some  days.  R.  F.  Weinland  and  R.  Krebs  obtained  the  octohydrate  by  evaporating 
at  10°  over  cone,  sulphuric  acid  a mixture  of  a cone.  aq.  soln.  of  the  green  chloride 
with  an  eq.  quantity  of  sulphuric  acid ; and  R.  F.  Weinland  and  T.  Schumann, 
and  N.  Bjerrum  also  obtained  it  from  one  of  the  chromic  chlorides  and  sulphuric 
acid.  H.  Schiff  described  his  monohydrate  as  a green,  hygroscopic,  amorphous 
mass  ; A.  Werner  and  R.  Huber  described  his  hexahydrate  as  a bluish-green  mass 
of  tabular  crystals ; and  R.  F.  Weinland  and  co-workers  found  the  octohydrate 
forms  pale  green  masses  of  tabular  crystals.  A.  Recoura,  and  R.  F.  Weinland  and 
co-workers  said  that  a pentahydrate  is  formed  by  heating  the  higher  hydrate  at 
85°,  or  exposing  it  in  vacuo  over  sulphuric  acid.  A soln.  of  the  salt  gives  no  imme- 
diate precipitation  with  silver  nitrate,  but  a precipitate  with  barium  chloride  is 
formed  at  once  showing  that  the  chloride  radicle  is  masked,  but  not  so  with  the 
sulphate  radicle.  The  lowering  of  the  f.p.  is  rather  greater  than  would  correspond 
with  that  for  the  non-oxidized  molecule  ; and  the  mol.  conductivity  76-5  for  v=125 
at  1°  corresponds  with  the  dissociation  of  the  salt  into  two  ions.  The  conductivity 
gradually  increases  when  the  soln.  is  allowed  to  stand  showing  that  the  salt  is 
gradually  resolved  into  three  ions  as  it  is  transformed  into  the  violet  salt.  The 
formula  for  chromic  chloropentaquosulphate,  [Cr(H20)5Cl]S04nH20,  fits  the 
facts  very  well ; and  this,  changing  to  the  violet  salt,  forms  [Cr(H20)6](S04)Cl.wH20. 
N.  Bjerrum  discussed  the  case  where  the  sulphate  radicle  is  not  immediately  pre- 
cipitable.  L.  A.  Welo  gave  19-86  xlO-6  for  the  magnetic  susceptibility  of 
[Cr(H20)6]ClS04.2H20,  and  19-62x10-6  for  [Cr(H20)5Cl]S04.3H20. 

R.  F.  Weinland  and  R.  Krebs  obtained  the  octohydrate  of  violet  chromic  chloro- 
sulphate, CrClS04.8H20,  by  mixing  26-6  grms.  of  the  greyish-blue  CrCl3.6H20 
dissolved  in  28  grms.  of  water,  with  10  grms.  of  cone,  sulphuric  acid  mixed  with 
18  grms.  of  water,  all  well  cooled.  Violet  acicular  crystals  of  the  salt  separate  in 
a few  days  as  the  mixture  is  evaporated  in  a desiccator  ; if  11  grms.  of  water  and 
10  grms.  of  cone,  sulphuric  acid  are  used  tabular  crystals  are  formed.  If  the 
octohydrate  is  kept  over  sulphuric  acid  in  vacuo  it  forms  the  hexahydrate.  An 
aq.  soln.  of  the  salt  evaporated  over  sulphuric  acid  yields  violet  chromic  sulphate. 
An  acidified  soln.,  at  0°,  gives  an  immediate  precipitation  of  silver  chloride  when 
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treated  with  silver  nitrate,  but  barium  sulphate  is  not  at  once  precipitated  by 
barium  chloride.  The  mol.  conductivity  is  116  for  u=125  at  1°,  showing  that  the 
salt  is  not  all  ionized  into  three  ions.  The  lowering  of  the  f.p.  also  gives  values 
rather  larger  than  those  required  for  the  non-ionized  molecule.  The  facts  are  con- 
sidered to  fit  the  formula  for  chromic  hexaquochlorosulphate,  [Cr(H2O)0](SO4)Cl. 
wH20.  A.  del  Campo  and  co-workers  obtained  the  violet  salt  by  the  action  of 
hydrogen  chloride  on  a cold,  cone.  soln.  of  the  violet  chromic  sulphate.  E.  Moles 
and  M.  Crespi  gave  1-799  for  the  sp.  gr.  of  [Cr(H20)6]Cl(S04).H20,  at  25°/4°,  and 
171  for  the  mol.  vol.  According  to  A.  Werner  and  R.  Huber,  by  mixing  cone.  soln. 
of  violet  chromic  sulphate,  and  green  chromic  chloride,  and  adding  cone,  sulphuric 
acid  while  the  mixture  is  cooled  with  iced  water,  green  crystals  of  the 
bimolecular,  green  chlorosulphate,  (CrClS04.6H20)2,  thought  by  A.  Werner 
and  R.  Huber,  and  N.  Bjerrum  to  be  chromic  dichlorotetraquochromihexaquo- 
disulphate,  [Cr(H20)e](S04)2[Cr(H20)4Cl2].2H20.  The  aq.  soln.  does  not  give  an 
immediate  precipitation  with  silver  nitrate,  but,  it  does  give  one  with  barium 
chloride.  A 1 : 10-soln.  of  the  salt  in  dil.  hydrochloric  acid,  when  sat.  with  hydrogen 
chloride,  precipitates  half  the  chromium  as  blue  chromic  chloride.  N.  Bjerrum 
and  G.  H.  Hansen  likewise  prepared  chromic  dichlorotetraqualuminohexaquo- 
disulphate,  [Cr(H20)4Cl2][Al(H20)6(S04)2.2H20 ; and  chromic  dichlorotetraquo- 
vanadihexaquodisulphate,  [Cr(H20)4Cl2][V(H20)6](S04)2.2H20,  by  the  electrolytic 
reduction  of  vanadyl  sulphate  in  the  presence  of  chromic  chloride.  A.  Werner  and 
R.  Huber,  and  N.  Bjerrum  and  G.  H.  Hansen  obtained  chromic  dibromotetraquo- 
chromihexaquodisulphate,  [Cr(H20)6](S04)2[Cr(H20)4Br2].2H20,  by  the  action  of 
hydrogen  bromide  as  in  the  analogous  case  of  the  preceding  salt.  The  dark 
green  plates  are  soluble  in  water ; and  are  precipitated  from  the  aq.  soln.  by 
sulphuric  acid.  N.  Bjerrum  and  G.  H.  Hansen  likewise  prepared  chromic  dibromo- 
tetraquoaluminohexaquodisulphate,  [Cr(H20)4Br2][Al(H20)6](S04)2.2H20,  as 
well  as  the  corresponding  chromic  dibromotetraquoferrihexaquodisulphate, 
[Cr(H20)4Br2][Fe(H20)6](S04)2.2H20  ; and  dark  green  crystals  of  chromic  di- 
bromotetraquovanadihexaquodisulphate,  [Cr(H20)4Br2][V(H20)6](S04)2.2H20,  by 
the  electrolysis  of  vanadyl  sulphate  in  the  presence  of  chromic  bromide.  The  corre- 
sponding titanium  and  manganese  salts  could  not  be  prepared. 

S.  M.  Jorgensen  prepared  yellow  octahedral  crystals  of  chromic  hexammino- 
iodosulphate,  [Cr(NH3)6](S04)I,  by  adding  ammonium  iodide  and  sulphate  to  an 
ammoniacal  soln.  of  the  chloride  of  the  series. 

N.  Larsson  prepared  ammonium  chromic  chloropentaquodichlorosulphate, 
[CrCl(H20)5]Cl2.(NH4)2S04.H20,  by  adding  ammonium . sulphate  to  a well-cooled 
soln.  of  chromic  chloropentaquodichloride ; ammonium  chromic  chloropentaquo- 
disulphate,  [CrCl(H20)5]S04.(NH4)2S04,  by  adding  alcohol  to  a cold  soln.  after 
boiling  a mixture  of  soln.  of  chromic  chloropentaquodichloride  and  ammonium  sul- 
phate ; if  the  soln.  contains  sulphuric  acid,  ammonium  chromic  chloropentaquo- 
sulphatohydrosulphate,  [CrCl(H20)5]S04(NH4)HS04,  is  formed;  likewise  with 
hydroxylamine  chromic  chloropentaquochlorosulphate,  [CrCl(H20)5]Cl(S04). 
(NH40)2S04.2H20 ; and  hydroxylamine  chromic  chloropentaquosulphatohydro- 
sulphate,  [CrCl(H20)5]S04.(NH40)HS04.  Complexes  were  also  prepared  with 
sulphates  of  organic  bases — -methylammonium,  dimethylammonium,  tetramethyl- 
ammonium,  ethylammonium,  pyridinium,  and  strychnine. 

R.  F.  Weinland  and  T.  Schumann  observed  that  a soln.  of  green  hydrated 
chromic  chloride  and  ammonium  sulphate  in  equimolar  proportions  deposits  crystals 
of  ammonium  chromic  trichlorodisulphate,  CrCl3.2(NH4)2S04.6H20,  or  ammonium 
chromic  trichlorotetraquodisulphate,  [Cr(H20)4Cl2]C1.2(NH4)2S04.2H20,  in  the 
form  of  large,  green,  four-  or  six-sided  plates  when  kept  a short  time  in  a desiccator. 
Only  one-third  of  the  chlorine  is  precipitated  immediately  by  silver  nitrate  from  an 
acidified  soln.  of  the  salt  at  0°,  whereas  all  the  sulphate  is  thrown  down  imme- 
diately by  barium  chloride.  N.  Larsson  prepared  this  salt  as  well  as  ammonium 
chromicdichIorotetraquochlorotrisulphate,[CrCl2(H20)4|C1.3(NH4)2S04.2H20;  and 
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N.  Larsson,  and  R.  F.  Weinland  and  T.  Schumann  found  that  ammonium  chromic 
dichlorohydrosulphatotrisulphate,  [CY(H20)4C12]2S04.2(NH4)3S04(HS04),  separ- 
ates in  green  needles  from  a soln.  containing  a mol  of  green  hydrated  chromic 
chloride,  a mol  of  ammonium  sulphate,  and  1 to  3 mols  of  sulphuric  acid.  In  an 
acidified  soln.  of  the  salt  at  0°,  silver  nitrate  does  not  produce  an  immediate  pre- 
cipitate, but  all  the  sulphate  is  at  once  thrown  down  by  barium  chloride.  N.  Larsson 
found  that  chromium  dichlorotetraquosulphate  forms  complex  salts  with  the 
sulphates  of  organic  bases — methylammonium,  tetramethylammonium,  ethyl- 
ammonium.  tetraethylammonium,  guanidinium,  and  pyridinium. 

J.  Meyer  and  V.  Stateczny3  obtained  indications  of  the  existence  of  chromyl 
sulphury!  chloride,  CrS05Cl2,  formed  by  the  action  of  sulphur  trioxide  on  a well- 
cooled  soln.  of  chromyl  chloride  in  carbon  tetrachloride,  and  the  mixture  heated 
in  a sealed  tube -at  120°.  The  brown  product  fumes  in  air,  it  is  decomposed  by 
water  into  sulphur  trioxide  and  chromyl  chloride. 
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Ber.,  38.  3595,  1905  ; S.  Basci,  Beitrag  zur  Chemie  ammonialcalischer  Chromsalze,  Zurich,  1907  ; 
P.  Pfeiffer  and  P.  Koch,  ib.,  37.  4282.  1904  ; P.  Koch,  Beitrag  zur  Stereoisomerie  der  Chromsalze, 
Zurich,  1905  ; P.  Pfeiffer  and  M.  Tilgner,  Ze.it.  anorg.  Chem.,  55.  370,  1907  ; P.  Pfeiffer  and 
W.  Vorster,  ib.,  58.  286,  1908;  D.  Stromholm,  ib.,  108.  184,  1919;  N.  Larsson,  b.,  110.  153, 
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1920;  P.  T.  Gleve,  Oefvers.  Akad.  Fork.,  172,  1861  ; Svenska  Akud.  Ilandl.,  6.  4.  1865;  Acta 
Soc.  Upsala,  (3),  6.  81,  1868;  L.  A.  VVelo,  Phil.  Mag.,  (7),  6.  481,  1928;  S.  Guralsky,  Ucber 
Di-  vnd  Triamminchromisalze,  Zurich,  1909  ; M.  Z.  Jovitschitsch,  Moruilah.,  34.  225,  1913  ; 
Helvetica  Chim.  Acta,  3.  46,  1920  ; Compt.  Rend.,  158.  872,  1914  ; A.  Benrath,  Zeit.  anorg.  Chem.. 
177.  286,  1928  ; Y.  Shibata,  Journ.  Coll.  Science  Tokyo,  41.  6,  1919. 

3 V.  Stateczny,  Ueber  einige  Heteropoly sauren  von  Elemental  der  Schwefelgruppe,  Breslau, 
1922  ; J.  Meyer  and  V.  Stateczny,  Zcit.  anorg.  Chem.,  122.  1,  1922. 


§ 31.  Chromium  Carbonates 

According  to  A.  Moberg,1  the  precipitate  produced  by  adding  an  alkali  carbonate 
to  a soln.  of  chromous  chloride  is  supposed  to  be  chromous  carbonate,  CrC03,  which 
is  similar  in  many  respects  to  magnesium,  zinc,  and  ferrous  carbonates.  When 
chromous  chloride  is  added  to  a boiling  soln.  of  potassium  carbonate,  the  reddish- 
brown  precipitate  gradually  acquires  a bluish-green  colour  provided  air  be  excluded, 
and  the  supernatant  liquor  becomes  yellow,  and  deposits  brown-yellow  plates, 
which,  when  exposed  to  air,  become  opaque  and  green.  If  these  be  now  placed  in 
water,  a yellow  soln.  and  a greenish-blue  residue  are  formed.  Again,  if  a cold  soln. 
of  potassium  carbonate,  freed  from  air,  is  employed,  a dense  yellow  powder  may  be 
precipitated,  or  bluish-green  flakes — of  the  same  composition — may  appear.  If 
the  yellow  or  brownish-red  liquid  be  exposed  to  air,  it  turns  green,  and  deposits  a 
green  substance  ; if  the  liquid  be  kept  in  closed  vessels,  carbon  dioxide  is  evolved  and 
the  liquid  becomes  turbid,  and  deposits  a green,  flocculent  precipitate  which  also 
gives  off  carbon  dioxide,  and  hydrogen,  forming  brown,  hydrated  chromosic  oxide. 
The  precipitate  obtained  with  the  cold  soln.  of  potassium  carbonate,  on  boiling,  gives 
off  carbon  dioxide,  and  then  dissolves  in  acids  without  effervescence.  If  potassium 
hydrocarbonate  be  employed,  a similar  product  is  obtained  but  containing  more 
carbon  dioxide,  while  the  liquid  retains  more  chromous  carbonate  in  soln. 
H.  Moissan  obtained  the  carbonate  of  a high  degree  of  purity,  by  adding  sodium 
carbonate  to  a soln.  of  chromous  chloride  while  air  is  excluded.  The  amorphous, 
greyish-white  carbonate  takes  up  oxygen  from  air,  and  when  heated  it  forms  chromic 
oxide  and  carbon  monoxide  ; it  is  sparingly  soluble  in  water  sat.  with  carbon 
dioxide  ; if  allowed  to  stand  in  water  exposed  to  air,  it  becomes  red  and  then 
changes  to  bluish  hydrated  chromic  oxide. 

G.  Bauge  prepared  a series  of  double  carbonates  by  the  action  of  a carbonate 
on  moist  chromous  acetate  or  tartrate  in  an  atm.  of  carbon  dioxide.  He  obtained 
ammonium  chromous  carbonate,  (NH4)2C03.CrC03.H20,  by  passing  a current  of 
carbon  dioxide  through  an  ammoniacal  soln.  of  chromous  acetate,  and  washing  the 
precipitate  successively  with ' aq.  ammonia,  alcohol,  and  ether,  and  dried  in  a 
current  of  hydrogen  charged  with  ammonia.  The  same  salt  was  obtained  by  boiling 
a soln.  of  chromous  acetate  in  ammonia  with  sodium  carbonate  in  a current  of 
hydrogen.  The  yellow,  crystalline  powder,  when  thoroughly  dried,  is  fairly  stable 
in  dry  air.  It  is  very  active  chemically.  In  air,  it  forms  chromic  hydroxide, 
with  chlorine  it  forms  chromic  chloride  ; it  dissolves  in  hydrochloric  or  sulphuric 
acid  forming  a blue  soln.  if  air  be  absent ; and  hydrogen  sulphide  converts  it  into 
chromic  sulphide.  G.  Bauge  obtained  impure  lithium  chromous  carbonate  by 
adding  lithium  carbonate  to  chromous  acetate  suspended  in  water.  According  to 
G.  Bauge,  when  well  washed  and  moist  chromous  acetate  is  mixed  with  a soln.  of 
sodium  carbonate,  it  first  dissolves,  and  after  a time  a reddish-brown  compound 
separates ; this  is  washed  with  water,  and  afterwards  with  98  per  cent,  alcohol,  all  the 
operations  being  conducted  in  an  atm.  of  carbon  dioxide.  When  dried  in  a current 
of  the  same  gas,  the  resulting  decahydrate  of  sodium  chromous  carbonate, 
Na2C03.CrC03.10H20,  forms  microscopic,  tabular  lozenge-shaped  crystals  which 
lose  water  in  vacuo  at  the  ordinary  temp,  or  at  100°.  It  is  very  soluble  in  cold 
water,  but  the  solubility  gradually  diminishes,  probably  in  consequence  of  polymeri- 
zation. It  is  a powerful  reducing  agent,  and  decomposes  water  at  a little  below 
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100°  with  liberation  of  hydrogen.  When  exposed  to  dry  air,  it  effloresces,  and  is 
afterwards  converted  into  a mixture  of  sodium  carbonate  and  chromic  hydroxide  ; 
in  moist  air,  it  oxidizes  rapidly  with  development  of  heat.  Chlorine  converts  it 
into  chromic  oxide  with  liberation  of  carbon  dioxide ; hydrogen  and  hydrogen 
sulphide  have  no  action  on  it  in  the  cold,  and  when  heated  at  100°  in  a current  of 
these  gases,  it  yields  the  monohydrate.  Dil.  hydrochloric  and  sulphuric  acids 
dissolve  the  salt,  forming  blue  soln.  The  monohydrate,  Na2Cr(C03)2.H20,  obtained 
by  the  action  of  a current  of  an  inert  gas  at  100°,  is  a yellow  powder  which  becomes 
brown  when  heated  in  vacuo  or  in  a current  of  hydrogen,  but  regains  its  yellow  colour 
on  cooling.  At  300°,  it  decomposes  into  sodium  carbonate  and  chromic  oxide. 
When  heated  in  air,  it  is  converted  into  sodium  chromate  ; when  heated  in  chlorine 
it  yields  chromyl  dichloride  and  chromic  oxide ; in  hydrogen  sulphide  at  about 
240°,  it  yields  the  red,  crystalline  chromic  sulphide — otherwise  it  resembles  the 
decahydrate.  When  chromous  acetate  is  treated  with  a 20  per  cent.  soln.  of 
potassium  carbonate,  potassium  chromous  carbonate,  K2C03.CrC03.3H20,  is 
formed  in  yellow,  hexagonal  prisms,  which  at  first  dissolve  in  water,  but  gradually 
polymerize,  whether  in  soln.  or  in  the  solid  state,  and  become  less  soluble.  It  is 
a powerful  reducing  agent,  and  decomposes  water  below  100°  ; when  heated  out  of 
contact  with  air,  it  becomes  brown,  but  regains  its  original  colour  on  cooling  ; at 
about  280°,  it  decomposes.  When  heated  in  air,  it  is  converted  into  potassium 
chromate.  If  the  yellow,  complex  carbonate  is  suspended  in  water  and  treated  with 
a current  of  carbon  dioxide,  or  if  the  chromous  acetate  is  treated  with  a dil.  soln.  of 
potassium  carbonate,  a less  soluble,  red  double  carbonate  is  formed  ; it  is  partially 
decomposed  by  water,  and  decomposes  water  at  100°.  The  carbonates  of  barium, 
strontium,  and  calcium  have  no  action  on  chromous  acetate,  but  magnesium 
hydrocarbonate  converts  chromous  acetate  into  reddish-brown  magnesium  chro- 
mous carbonate  which  could  not  be  obtained  free  from  magnesium  carbonate,  and 
which  decomposes  water  at  100°. 

According  to  M.  Z.  Jovitschitsch,  chromic  hydroxide  freed  from  all  traces  of 
alkali  and  ammonia,  absorbs  carbon  dioxide  from  the  atm.  until  the  saturation 
limit  corresponding  with  chromic  pentahydroxycarbonate,  [Cr2(0H)5]2C03.8H20, 
is  attained.  This  substance  can  be  dried  at  100°  without  losing  carbon  dioxide, 
but  it  is  decomposed  by  acids.  The  graphic  formula  is  supposed  to  be  either 


CO 


/O.Cr2(OH)5 

\O.Cr2(OH)6 


.9H20, 


or 


„ /Cr2(0H)4.0\ 
\Cr2(0H)4.0/ 


CO.10H2O. 


According  to  H.  Rose,  alkali  carbonates  precipitate  from  soln.  of  chromic  salts 
a pale  green  hydroxide  containing  more  or  less  carbonate,  which  on  standing 
becomes  blue  in  daylight,  and  violet  in  artificial  light.  An  excess  of  the  precipitant 
dissolves  the  precipitate,  and  the  soln.  gives  no  precipitate  when  boiled  ; potassium 
or  ammonium  hydrocarbonate  behaves  similarly ; but  barium  carbonate  slowly 
precipitates  hydrated  chromic  oxide  completely  from  cold  soln.  J.  N.  von  Fuchs 
made  a similar  observation  with  respect  to  calcium  carbonate  ; and  H.  Dema^ay, 
with  respect  to  strontium  and  magnesium  carbonates.  K.  F.  W.  Meissner,  J.  Lefort, 
and  T.  Parkman  obtained  basic  chromic  carbonates  by  the  action  of  alkali  or 
ammonium  carbonate  on  a soln.  of  a chromic  salt.  M.  Hebberling  added  that  the 
freshly-formed  precipitate  is  soluble  in  s'oln.  of  alkali  carbonate  or  borax.  The 
composition  of  the  precipitate  depends  on  the  conditions ; thus,  K.  F.  W.  Meissner 
gave  10Cr203.7C02.8H20  ; J.  J.  Berzelius,  4Cro03.COo.HoO ; and  C.  Langlois, 
2Cr203.C02.6H20. ' 

T.  Parkman  dropped  a cold,  aq.  soln.  of  chrome-alum  into  a soln.  of  sodium 
carbonate  with  constant  stirring  until  the  mixture  had  only  a slight  alkaline  reaction. 
The  unwashed,  moist  precipitate  corresponded  with  chromic  oxydicarbonate, 
Cr20(C03)2.  If  the  mixing  be  done  in  the  reverse  way,  the  precipitate  is  com 
taminated  with  sulphate.  J.  Lefort  treated  a violet  soln.  of  a chromic  salt  with  a 
moderate  excess  of  sodium  carbonate  and,  after  washing  and  drying  the  product, 
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obtained  chromic  dioxycarbonate,  Cr202(C03).  It  loses  carbon  dioxide  at  300°. 
T.  Parkman  obtained  a similar  product  by  adding  sodium  carbonate  to  a boiling 
soln.  of  chrome  alum  ; and  W.  Wallace  by  adding  sodium  or  ammonium  carbonate 
to  a cold  dil.  soln.  of  chromic  chloride.  The  washed  precipitate  was  dried  at 
ordinary  temp. 

0.  T.  Christensen  prepared  chromic  nitritopentamminocarbonate,  [Cr(NH3)5- 
(N02)]C03,  by  triturating  an  excess  of  silver  carbonate  with  the  chloride  of  the  series, 
and  treating  the  filtrate  with  alcohol.  The  yellow,  crystalline  product  could  not 
be  obtained  pure.  It  is  easily  decomposed  ; is  freely  soluble  in  water ; and  the 
soln.  gives  the  characteristic  reactions  of  the  carbonates. 

According  to  N.  J.  Berlin,  chromic  carbonate  dissolves  sparingly  in  an  aq.  soln. 
of  potassium  carbonate,  forming  a pale-green  soln.  which  separates  on  prolonged 
boiling.  If  chromic  chloride  is  supersaturated  with  a cone.  soln.  of  potassium 
carbonate,  very  little  precipitate  is  redissolved ; dissolution  occurs  on  mixing 
more  dil.  soln.  The  soln.  of  hydrated  chromic  carbonate  in  a boiling  soln.  of 
potassium  hydrocarbonate  deposits  on  cooling  a complex  potassium  chromic 
carbonate  in  pale  green  crystalline  scales,  while  a soln.  of  potassium  carbonate 
under  similar  conditions  deposits  a pulverulent  complex  salt  on  evaporation.  A 
mineral  associated  with  the  serpentine  and  chromite  of  Dundas,  Tasmania,  was 
called  stichtite — after  R.  Sticht — by  W.  F.  Petterd,2  and  chromobrugnatellitc,  by 
L.  Hezner.  Its  composition  is  that  of  a magnesium  chromic  hydroxycarbonate, 
2MgC03.5Mg(0H)2.2Cr(0H)3.4H20,  like  brugnatellite,  with  chromium  in  place 
of  iron  ; or  hydrotalcite  with  chromium  in  place  of  aluminium.  The  mineral 
occurs  in  micaceous  scales  of  a lilac  colour.  The  cleavage  is  good  ; the  sp.  gr.  is 
2T6  ; the  refractive  index,  1-542  ; it  is  optically  uniaxial  or  feebly  biaxial ; the 
optical  character  is  negative  ; and  it  is  feebly  pleochroic.  Observations  on  the 
mineral  were  made  by  W.  F.  Foshag,  L.  Hezner,  and  A.  Himmelbauer. 

The  mineral  beresowite,  beresovite,  or  berezovite  was  found  by  J.  Samoiloff  3 in 
Berezov,  Urals,  associated  with  the  galena  and  cerussite.  It  is  a lead  carbonato- 
chromate,  6Pb0.3Cr03.C0o  ; and  it  occurs  in  deep  red,  birefringent  plates  of  sp.  gr. 
6-69. 
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§ 32.  Chromium  Nitrates 

F.  Allison  and  E.  J.  Murphy  1 reported  the  examination  of  the  magneto-optic 
properties  of  a soln.  of  chromous  nitrate,  Cr(N03)2.  A.  A.  Hayes  observed  that  a 
soln.  of  hydrated  chromic  oxide  in  an  excess  of  nitric  acid  ; or,  according  to  H.  Lowel, 
of  a basic  nitrate  in  that  acid  forms  a soln.  which  is  blue  by  reflected  and  red  by  trails- 
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mitted  light.  According  to  J.  R.  Partington  and  S.  K.  Tweedy,  a soln.  of  chromic 
hydroxide — freshly  precipitated  from  chrome-alum  in  the  cold,  and  washed  with  hot 
water — in  cold  4IV-NH03  is  green,  but  in  a few  days  it  becomes  violet.  When  kept 
in  a stoppered  bottle,  it  deposits  reddish-violet  crystals  of  chromic  nitrate, 
Cr(N03)3.12£H20.  The  hemipentacosihydrate  melts  at  104°  to  105°.  J.  M.  Ordway 
found  that  the  soln.  furnishes  purple,  rhombic  prisms  of  chromic  nitrate, 
Cr(N03)3.9H20.  J.  R.  Partington  and  S.  K.  Tweedy  obtained  the  crystals  of  the 
enneahydrate  by  allowing  a soln.  of  violet  chromic  chloride  in  nitric  acid  to  crystal- 
lize in  a vacuum  desiccator.  The  enneahydrate  melts  at  36-5°,  and  decomposes  at 
100°.  It  is  soluble  in  alcohol.  J.  R.  Partington  and  S.  K.  Tweedy  gave  66°  to 
66-5°  for  the  m.p.,  and  there  is  no  sign  of  a transition  at  this  temp,  to  a second 
hydrate.  0.  M.  Halse  said  that  a soln.  of  hydrated  chromic  oxide  in  dil.  nitric  acid, 
when  evaporated  very  slowly,  deposits  violet  crystals  of  the  hemipentadecahydrate, 
2Cr(N03)3.15H20,  which  melt  at  100°,  and  decompose  during  dehydration  ; but 
J.  R.  Partington  and  S.  E.  Tweedy  said  that  O.  M.  Halse’s  salt  is  really  the  hemi- 
pentacosihydrate. M.  Z.  Jovitschitsch  found  that  by  dissolving  chromic  oxide  in 
hot,  cone,  nitric  acid,  of  sp.  gr.  1*4,  the  soln.  on  crystallization  furnish  dark  brown, 
monoclinic  prisms  of  the  hemipentadecahydrate,  2Cr(N03)3.15H20,  with  the  axial 
ratios  a : b : c=l-4250 : 1 : 1-1158,  and  ^3=93°  10'.  In  contact  with  dry  air,  the 
grey  coloured  hemienneahydrate,  2Cr(N03).9H20,  is  formed.  The  crystals  are  red 
by  transmitted  light ; they  are  not  changed  by  air  ; and  dissolve  in  water,  and 
alcohol.  M.  Z.  Jovitschitsch  found  that  the  evaporation  of  a nitric  acid  soln.  of 
chromic  oxide  yields  a dark  brown  mass  which,  when  dissolved  in  water  and  the  soln. 
evaporated,  furnishes  a dark  green,  crystalline  mass  of  anhydrous  chromic  nitrate, 
Cr(N03)3.  This  is  stable  in  light,  and  takes  up  moisture  from  the  air  to  form  the 
trihydrate,  Cr(N03)3.3H20. 

I.  Traube  gave  for  the  sp.  gr.  of  the  violet  aq.  soln.  with  3-389,  7-550,  16-536, 
and  29-082  per  cent,  of  Cr(N03)3,  respectively  1-02699,  1-06252,  1-14602,  and 
1-28163  at  15°  when  the  mol.  soln.  vol.  are  respectively  47-9,  50-2,  53-7,  and  57-7. 
C.  Montemartini  and  L.  Losana  studied  the  viscosity  of  the  soln.  H.  C.  Jones  and 
F.  H.  Getman  measured  the  sp.  gr.  and  the  f.p.  of  soln.  of  chromic  nitrate.  For 
soln.  with  0-0934,  0-3736,  1-1208,  and  1-8680,  the  respective  sp.  gr.  were  1-021, 
1-069,  1-203,  and  1-334;  and  the  respective  f.p.  were  —0-280°,  —2-493°,  —11-57° 
and  —29-50°.  J.  R.  Partington  and  S.  K.  Tweedy  found  the  viscosities,  r)  dyne 
per  cm.  of  soln.  containing  W grms.  of  Cr(N03)3  per  100  grins,  of  water  to  be  : 

W . . 29-11  23-62  15-07  7-16  3-55 

j 18°  . . 0-01948  0-01669  0-01373  0-01172  0-01102 

^ | 25°  . . 0-01498  0-01122  0-01050  0-00999  0 00993.  / 

C.  Montemartini  and  L.  Losana  observed  a break  in  the  expansion  curve  of  soln.  of 
chromium  nitrate.  L.  R.  Ingersoll  found  for  Verdet’s  constant  for  the  electro- 
magnetic rotatory  power  for  light  of  wave-length  0-8,  1-0,  and  1-25 p,  respectively 
0-0066, 0-0041,  and  0-0025  for  soln.  of  chromic  nitrate  of  sp.  gr.  1-087.  W.  N.  Hartley 
found  that  two  violet  soln.  of  the  nitrate  showed  absorption  bands  respectively 
between  5880  and  5570,  and  5650  and  5070.  The  violet  soln.  becomes  green  when 
heated.  According  to  O.  Knoblauch,  the  absorption  spectrum  of  the  soln.  has  a 
faint  band  at  6670,  and  a band  between  6160  and  5770,  with  a small  absorption  at 
513.  When  the  soln.  is  diluted  the  band  moves  to  6180  to  5920.  J.  M.  Hiebendaal 
observed  a band  between  6130  and  5320,  and  absorption  from  4540.  The  addition 
of  ammonium  chloride  weakens  the  band,  and  produces  a narrow  band  at  6370 ; 
in  alcoholic  soln.,  there  is  a narrow  band  at  6370  ; a band  between  6550  and  5350, 
with  a maximum  between  6130  and  5500 ; and  absorption  from  4600.  A.  fitard 
found  bands  between  6780  and  6700,  and  between  6540  and  6330.  The  spectrum 
was  also  examined  by  A.  Byk  and  H.  Jaffe.  The  electrical  conductivity  of  soln. 
of  the  nitrate  was  measured  by  H.  C.  Jones  and  co-workers,  and  by  N.  Bjerrum. 
H.  C.  Jones  and  C.  A.  Jacobson  found  the  mol.  conductivity,  p mhos,  of  soln.  with 
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a mol  of  the  salt  in  v litres  between  0°  and  35°  ; and  A.  P.  West  and  H.  C.  Jones, 
and  E.  J.  ShaefEer  and  H.  C.  Jones,  between  35°  and  65°  : 


2 

8 

16 

32 

128 

512 

1024 

2048 

0° 

92-9 

125-3 

138-3 

147-6 

158-8 

201 

216 

224 

10° 

. 119-5 

163-2 

180-9 

193-9 

212 

270 

292 

315 

25° 

. 164-9 

228 

254 

275 

305 

395 

440  , 

467 

35° 

192-3 

279 

312 

343 

417 

504 

549 

595 

65° 

. 297 

445 

504 

560 

705 

869 

539 

1032 

0° 

41-4 

55-9 

61-6 

65-8 

70-8 

89-7 

96-5 

100-0 

35° 

38-0 

46-6 

52-2 

56-8 

63-7 

83-6 

93-4 

100-0 

The  values  for  the  percentage  ionization,  a,  were  calculated  by  H.  C.  Jones 
and  C.  A.  Jacobson ; and  H.  M.  Vernon  calculated  the  degree  of  ionization 
from  the  colour.  N.  Bjerrum  calculated  the  percentage  hydrolysis,  100/3, 
and  the  hydrolysis  constant  K for  Cr(N03)3-t-H20^Cr(N03)20H-l-HN03,  from 
Ar=[H]'[Cr(OH)"]/[Cr'"]=mjS2/(l—  /J),  from  the  conductivity,  /x  mhos,  for  soln. 
with  m mols  per  litre  at  19-8°  : 


m 

b 

1000 

K 


0-02 

0-01 

0-005 

0-0025 

0-00125 

0-00625 

265-7 

299-1 

316-0 

345-2 

374-8 

406-5 

5-0 

7-2 

9-0 

14-2 

18-6 

26-0 

0-0,52 

0-0,56 

0-0,45 

0-0,49 

0-0,53 

0-0,57 

so  that  the  average  value  of  K is  0-00054.  G.  Herrmann  said  that  his  attempt  to 
reduce  a soln.  of  chromic  nitrate,  electro lytically,  wie  nicht  anders  zu  erwarten  war, 
were  unsuccessful.  L.  A.  Welo  measured  the  magnetic  susceptibility  of  the  solid  and 
molten  hydrate,  Cr(N03)3.3-4H20,  and  the  results  are  summarized  in  Fig.  86.  The 
Curie  points,  C=x(T — 9),  are  for  the  solid  and  liquid  states,  Cs=l-90  ; CL— 1-50  ; 
9S——  85°;  and  9i— 5°.  P.  Philipp  found  the  magnetic  susceptibility  to  be 
24-09  xl0~6  and  22-75  xl0~6  for  soln.  respectively  of  sp.  gr.  1-3295  and  1-02706. 

According  to  J.  M.  Ordway,  when  alkali  hydroxide  is  added  to  a soln.  of  chromic 
nitrate,  chromic  hydroxide  is  precipitated.  The  precipitate  appears  when  more 
than  two-thirds  of  the  acid  has  been  neutralized.  This  proves  that  nitric  acid  can 
dissolve  more  chromic  hydroxide  than  corresponds  with  the  normal  nitrate. 
C.  Montemartini  and  L.  Losana  studied  the  e.m.f.  of  the  soln.  N.  Bjerrum  and 
C.  Fourholt  determined  the  masked  hydroxide,  Cr(H20)6---,  by  precipitation  as 
caesium  alum.  With  soln.  of  chromic  nitrate  they  obtained  the  results  indicated 
in  Table  V. 


Table  V. — The  Hydrolysis  of  Solutions  of  Chromic  Nitrate. 


J4-Molar 

Soln. 

Eq.  of  base 
present. 

Days  heated  to 
75°. 

Per  cent, 
latent  chro- 
mium. 

Masked  OH-radicles 
per  100  Cr-atoms. 

Masked  OH-radicles 
per  Cr-atom  in 
latent  basic  ( r. 

0-01 

3 to  4 

17-6 

20 

1-14 

0-05 

— 

7 

20-1 

25 

1-24 

0-01 

— 

5 

31-4 

40 

1-27 

0-05 

0-5 

1 to  5 

47-3 

57 

1-21 

0-05 

1-0 

2 to  9 

67-0 

103 

1-54 

0-05 

2-0 

2 to  3 

i 

89-0 

179 

2-01 

A.  A.  Hayes  observed  that  when  a soln.  of  an  excess  of  chromic  oxide  in  nitric  acid 
is  evaporated,  it  does  not  furnish  crystals,  but  dries  up  to  a gummy,  fissured  mass 
which  appears  dark  green  by  reflected  and  transmitted  light.  J.  J.  Berzelius,  and 
F.  Brandenburg  made  some  observations  on  this  subject.  H.  Lowel  assumed  that 
the  green  soln.  obtained  by  dissolving  hydrated  chromic  oxide  in  hot  nitric  acid 
contains  chromic  hydroxydinitrate,  Cr(0H)(N03)2.  J.  M.  Ordway  obtained  what 
he  regarded  as  the  heialiydrate,  Cr(0H)(N03)2.6H20,  by 'keeping  crystals  of  the 
normal  nitrate  on  the  water-bath.  The  dark  green  residue  is  soluble  in  water,  forming 


476 


INORGANIC  AND  THEORETICAL  CHEMISTRY 


a dark  brown  liquid  which  contains  chromic  nitrate  and  chromate.  H.  Schiff  said 
that  by  digesting  the  warm  nitric  acid  soln.  for  a long  time,  the  precipitate  which  is 
formed  contains  Cr203  and  1 or  2N205.  M.  Siewert  also  said  that  a sat.  blue  soln. 
of  hydrated  chromic  oxide  in  cold  nitric  acid  contains  Cr(0H)(N03)2  ; and  the 
green  soln.  in  hot  nitric  acid,  2Cr203.3N205  or  Cr(0H)3Cr(N03)3.  J.  M.  Ordway 
assumed  that  the  sat.  soln.  of  hydrated  chromic  oxide  in  nitric  acid  contains 
8Cr203.3N205,  or  3Cr203.5Cr(N03)3.  By  treating  chromic  acid,  or  chromates  with 
nitric  acid,  F.  Brandenburg,  H.  Moser,  and  K.  F.  W.  Meissner  obtained  chromic 
acid  associated  with  nitric  acid.  J.  E.  Howard  and  W.  H.  Patterson  examined  the 
effect  of  chromic  nitrate  on  the  critical  soln.-  temp,  of  water  and  isobutyric  acid. 
For  V.  Ipatieff  and  B.  Mouromtseff’s  observations  on  the  action  of  hydrogen  under 
press.,  vide  supra,  hydrated  chromic  oxide. 

L.  Darmstadter  2 heated  potassium  chromate  with  two  parts  of  cone,  nitric 
acid  and  obtained  crimson  tabular  crystals  of  what  he  regarded  as  potassium 
nitritodichromate,  KCr205(N02),  or 

™>CrO,.Crt>, 

and  an  excess  of  nitric  acid  was  said  to  convert  it  into  potassium  nitritotrichromate, 
KCr309(N0)2.  The  aq.  soln.  furnishes  potassium  dichromate.  The  salt  melts  to 
a dark  brown  liquid,  and  at  the  same  time  gives  off  red  fumes.  G.  N.  -Wyrouboff, 
and  G.  C.  Schmidt  questioned  the  existence  of  these  salts— vide  supra. 

H.  Schiff  treated  the  hydroxydichloride  with  nitric  acid,  and  on  evaporating 
the  soln.  obtained  chromic  dichloronitrate,  CrCl2(N03),  in  hygroscopic  plates. 
When  heated,  it  decomposes:  2CrCl2(N03)==2N02Cl+Cr202Cl2.  The  sol.  has  an 
acidic  reaction  ; and  the  salt  is  soluble  in  alcohol.  If  the  soln.  of  the  dihydroxy- 
chloride  in  dil.  nitric  acid  be  evaporated,  chromic  hydroxychloronitrate, 
Cr(0H)(N03)Cl,  is  formed  as  a hygroscopic  mass.  H.  Schiff  also  obtained  chromic 
sulphatonitrate,  Cr(N03)S04,  as  a green,  hygroscopic  mass,  by  the  action  of  nitric 
acid  on  chromic  oxydisulphate ; and  chromic  tetranitratosulphate,  Cr2(N03)4S04, 
as  a brown  soluble,  hygroscopic  mass  by  evaporating  a soln.  of  the  basic  sulphate 
in  nitric  acid  at  80°-90°. 

S.  M.  Jorgensen  3 prepared  chromic  hexamminotrinitrate,  [Cr(NH3)6](N03)3,  by 
reducing  a soln.  of  potassium  dichromate  first  by  alcohol  and  hydrochloric  acid, 
and  then  by  the  addition  of  zinc  ; adding  ammonium  chloride  and  ammonia  ; and 
allowing  the  mixture  to  stand  24  hrs.  W.  R.  Lang  and  C.  M.  Carson,  and 
0.  T.  Christensen  treated  with  nitric  acid  the  product  of  the  action  of  liquid 
ammonia  on  anhydrous  chromic  chloride.  The  orange-yellow  plates  dissolve  in 
water — 100  parts  of  water  dissolve  2-5  to  3 parts  of  the  salt.  A.  Werner  and 
A.  Miolati  found  soln.  with  a mol  of  salt  in  125,  250,  500,  1000,  and  2000  litres  at 
25°  had  the  respective  conductivities  p/=341-2,  374-1,  401-1,  425-3,  and  444-2  mhos. 
H.  J.  S.  King  also  measured  the  electrical  conductivity  of  soln.  of  this  salt. 
E.  Rosenbohm  gave  20-42  x 10~6  mass  unit  for  the  magnetic  susceptibility.  The 
salt  is  decomposed  by  boiling  water ; and  the  aq.  soln.  gives  precipitates  with 
hydrobromic,  hydriodic,  hydrofluosilicic,  hydrochloroplatinic,  and  hydrochloroauric 
acids,  potassium  chromate,  dichromate,  triiodide,  and  ferricyanide,  and  sodium 
dithionate.  F.  Ephraim  and  W.  Ritter  observed  that  while  the  hexammine  absorbs 
ammonia  gas  at  low  temp.,  the  dissociation  curves  show  no  breaks  corresponding 
with  the  formation  of  definite  ammines.  A.  Benrath  found  that  in  the  presence 
of  cone,  nitric  acid,  [Cr(NH3)6](N03)3.HN03  is  formed.  S.  M.  Jorgensen  also 
prepared  the  hydrotetranitrate,  and  a chloroplatinate.  P.  Pfeiffer  prepared 
chromic  terethylenediaminotrinitrate,  [Cr  en3](N03)3.  O.  T.  Christensen  obtained 
chromic  aquopentamminotrinitrate,  [Cr(NH3)5(H20)](N03)3,  as  in  the  case  of  the 
bromide  or  iodide.  The  yellowish-red  salt  is  freely  soluble  in  water  ; it  loses  water 
at  100°  ; and  detonates  at  a higher  temp.  A.  Benrath  found  that  in  the  presence 
of  nitric  acid  [Cr(NH3)6J(N03)3  is  formed.  P.  Pfeiffer  prepared  the  hydrotetra- 
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nitrate.  P.  Pfeiffer  treated  the  hydroxyaquotetramminodithionate  with  cone, 
nitric  acid,  and  obtained  chromic  diaquotetramxninohydrotetranitrate, 
[Cr(NH3)4(H20)2](N03)4H,  as  an  orange  powder.  E.  H.  Riesenfeld  and  F.  Seemann 
obtained  red  crystals  of  chromic  triaquotriamminodichloronitrate,  [Cr(NH3)3- 
(H20)3]C12(N03),  by  treating  an  aq.  soln.  of  the  trichloride  with  cone,  nitric  acid, 
and  chromic  nitratodiaquotriamminodinitrate,  [Cr(NH3)3(H20)2(N03)](N03)2,  from 
a soln.  of  chromium  triamminotetroxide  in  cone,  nitric  acid.  P.  Pfeiffer  and 
W.  Osann  prepared  chromic  tetraquodipyridinotrinitrate,  fCrPy2(H204)](N03)3. 
M.  Kilpatrick  studied  chromic  hexaureatrinitrate,  [Cr(NH2.C0.NH2)6](N03)3. 
R.  Weinland  and  W.  Hiibner  studied  other  complexes  with  organic  radicles. 

0.  T.  Christensen  obtained  chromic  nitritopentamminodinitrate,  [Cr(NH3)5- 
(N02)](N03)2,  by  the  action  of  ammonium  nitrate  on  a soln.  of  the  chloride.  The 
yellow  octahedral  crystals  are  sparingly  soluble  in  water  100  parts  of  which  dissolve 
0-67  part  of  the  salt.  The  salt  detonates  when  heated.  F.  Ephraim  and  W.  Ritter 
observed  that  chromic  aquopentamminotrinitrate,  [Cr(NH3)5(H20)](N03)3,  absorbs 
ammonia  gas  at  a low  temp.,  the  decomposition  curve  shows  that  possibly  a monam- 
mine  is  formed.  Ammonia  converts  the  salt  into  the  hydroxypentamminonitrate, 
[Cr(NH3)5(0H)](N03)3.  F.  Ephraim  and  W.  Ritter  found  that  ammonia  gas 
is  absorbed  by  chromic  nitritopentamminonitrate,  but  the  decomposition  curve  shows 
no  breaks.  H.  J.  S.  King  obtained  chromic  hydroxypentamminodinitrate, 
[Cr(NH3)5(0H)](N03)2.|H20,  by  the  action  of  the  hydroxide  on  a soln.  of  ammonium 
nitrate,  and  precipitation  with  alcohol  and  ether.  He  gave  for  the  conductivity, 
H mhos,  of  a mol  of  the  salt  in  v litres, 
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128 

256 

512 

1024 

2048 

106-4 

115-7 

124-7 

132-0 

138-9 

141-4 

152-7 
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219-4 

233-6 
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A.  Werner  and  J.  von  Halban  prepared  chromic  nitratopentamminodinitrate, 

[Cr(NH3)5(N03)](N03)2,  by  the  action  of  fuming  nitric  acid  on  chromic  thiocyanato- 
pentamminonitrate,  or  of  nitric  acid  on  aquopentamminohydroxide.  The  pale 
flesh-coloured  powder  is  sparingly  soluble  in  water,  and  the  soln.  is  liable  to  decom- 
pose. A.  Benrath  found  that  with  nitric  acid,  [Cr(NH3)5(H20)](N03)2  may  be 
formed.  A.  Werner  and  J.  von  Halban  prepared  chromic  nitratopentammino- 
diiodide,  [Cr(NH3)5(N03)]I2,  by  shaking  up  the  nitrate  with  solid  potassium 
iodide  and  water.  E.  H.  Riesenfeld  and  F.  Seemann  prepared  chromic  nitrato- 
diaquotriamminodinitrate,  [Cr(NH3)3(H20)2(N03)](N03)2,  by  the  action  of  cone, 
nitric  acid  on  the  cold  on  chromic  triamminotetroxide.  A.  Hiendlmayr  prepared 
chromic  fluopentamminodinitrate,  [Cr(NH3)5F](N03)2,  by  the  action  of  calcium 
nitrate  on  the  difliioride.  S.  M.  Jorgensen  prepared  chromic  chloropentammino- 
dinitrate,  [Cr(NH3)6Cl](N03)2,  by  the  action  of  nitric  acid  on  a cold  soln.  of  the 
chloride  of  the  series.  The  carmine-red  octahedra  are  soluble  in  water ; at  17-5°, 
100  parts  of  water  dissolve  1-4  parts  of  salt.  A.  Werner  and  A.  Miolati  found  that 
a mol  of  the  salt  in  125,  250,  500,  1000,  and  2000  litres  of  water  at  25°  have  the 
electrical  conductivities  pt=250-2,  265-9,  279-0,  288,  299-1  mhos  respectively. 
P.  T.  Cleve,  and  S.  M.  Jorgensen  prepared  chromic  chloroaquotetramminodinitrate, 
[Cr(NH3)4(H20)Cl](N03)2,  by  the  action  of  nitric  acid  on  the  chloride  of  the  series. 
The  carmine-red,  or  purple-red  rhombohedral  crystals  lose  no  water  over  sulphuric 
acid*  at  100°,  the  salt  blackens.  A.  Werner  and  A.  Miolati  found  that  the  soln. 
of  a mol  of  the  salt  in  125,  250,  500,  1000,  and  2000  litres  of  water  at  25°  has  the 
electrical  conductivity  206-5,  226-4,  244-7,  260-3,  and  282-5  mhos  respectively. 
S.  M.  Jorgensen  prepared  violet,  octahedral  crystals  of  chromic  bromopentammino- 
dinitrate,  [Cr(NH3)5Br](N03)2,  by  the  action  of  nitric  acid  on  the  chloride  of  the 
series;  and  also  reddish-violet  crystals  of  chromic  iodopentamminodinitrate, 
[Cr(NH3)5l  |(N03)2.  A.  Werner  and  J.  von  Halbau  prepared  chromic  thiocyanato- 
pentamminodinitrate,  | Cr(NH3)5(SCy)J(N03)2. 

S.  Guralsky  prepared  chromic  dibromoaquotriamminonitrate,  [Cr(NH3)3- 
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(H20)Br2JN03;  P.  Pfeiffer  and  W.  Osann,  chromic  dihydroxydiaquodipyridino- 
nitrate,  [CrPy2(H20)2(0H)2]N03  ; P.  Pfeiffer  and  T.  G.  Lando,  and  A.  Werner 
chromic  cis-dlchlorobisethylenediaminonitrate,  [Cr  en2Cl2]N03,  and  P.  Pfeiffer 
and  P.  Koch,  the  trans-salt.  A.  Werner  obtained  greyish-blue  needles  of  chromic 
dichlorodiaquotriamminonitrate,  [Cr(NH3)3(H20)2Cl2]N03,  by  the  action  of  nitric 
acid  on  the  chloride  of  the  series.  Y.  Shibata  measured  the  absorption  spectrum. 
P.  Pfeiffer  and  M.  Tapuach  prepared  chromic  dichlorodiaquodipyridinonitrate, 
[CrPy2(H20)2Cl2]N03.2H20  ; P.  Pfeiffer  and  M.  Tapuach,  chromic  trans-dibromo- 
bisethylenediaminonitrate,  [Cr  en2Br2]N03 ; chromic  dibromodiaquodipyridino- 
nitrate,  [CrPy2(H20)2Br2]N03  ; P.  Pfeiffer  and  M.  Tilgner,  chromic  dithiocyanato- 
tetramminonitrate,  [Cr(NH3)4(SCy)2]N03 ; P.  Pfeiffer  and  P.  Koch,  chromic  cis- 
dithiocyanatobisethylenediamine^  [Cr  en2(SCy)2]N03 ; and  P.  Pfeiffer,  the  trans- 
salt.  P.  Pfeiffer  and  S.  Basci  also  obtained  chromic  oxalatotetramminonitrate, 
[Cr(NH3)4(C204)]N03.H20. 

S.  M.  Jorgensen  prepared  rose-red  or  pale  carmine-red  aggregates  of  needles  of 
chromic  hydroxydecamminopentanitrate,  [Cr2(OH)(NH3)10](NO3)5,  by  the  action 
of  nitric  acid  on  the  chloride  or  bromide  of  the  series.  The  rhodo-salt  so  obtained 
is  sparingly  soluble  in  water.  S.  M.  Jorgensen  also  prepared  the  erythro-salt  in  an 
analogous  way.  He  also  obtained  chromic  trihydyroxyaquohexamminotrinitrate, 
[Cr2(0H)3(H20)(NH3)6](N03)3,  in  pale  carmine-red  needles  sparingly  soluble  in  cold 
water  ; and  the  soln.  is  liable  suddenly  to  precipitate  hydrated  chromic  oxide. 
The  salt  decomposes  at  100° ; and  over  sulphuric  acid,  it  gives  off  a'  mol.  of  water. 
R.  F.  Weinland  and  E.  Gussmann  prepared  chromic  dihydroxyhexacetatotri- 
pyridinonitrate,  [Cr3(CH3C00)6Py3(0H)2]N03.5H20 ; and  P.  Pfeiffer  and 
W.  Yorster,  chromic  hexahydroxysexiesethylenediaminohexanitrate,  [Cr4(OH)0en6]- 
(N03)6.6H20. 

P.  T.  Cleve  reported  the  salts  chromic  diamminodihydroxydinitrate, 
Cr(0H)2(N03)2(NH3)24H20  ; chromic  diamminopentahydroxynitrate,  Cr2(OH)5- 
(N03)(NH3)2.wH20 ; and  also  ammonium  chromic  heptamminoctonitrate, 
2Cr(N03)3.2NH4N03.(NH3)7.4pi20 ; and  chromic  oxalatohemienneamminonitrate, 

Cr(N03)(C204).4|NH3.l|H20.  M.  Z.  Jovitschitsch  dissolved  a gram  of  hydrated 
chromic  oxide  in  enough  nitric  acid,  diluted  the  liquid  to  25  c.c.,  added  the  same 
vol.  of  ammonia,  and  found  that  alcohol  precipitated  a soluble,  scarlet  mass  of 

chromic  dioxyheptamminotrinitrate, 

(NH3) 2 = Cr.O.NH3.Cr= (NOs) 2 1QH  Q 

(NHS)  2=Cr.0.NH3.Cr(N03)  (NHa)  2 

R.  Weinland  and  co-workers  prepared  complex  salts  of  the  nitrate  with  pyridine, 
o-toluidine,  guanidine,  and  aniline. 
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§ 33.  Chromium  Phosphates 

A.  Moberg  1 added  sodium  dihydrophosphate  to  a soln.  of  chromous  salt  and 
obtained  a blue  amorphous  precipitate  of  chromous  phosphate,  Cr3(P04)2.wHo0, 
which  rapidly  turns  green  on  exposure  to  air  forming,  according  to  H.  Moissan,  a 
chromic  salt.  The  precipitate  is  soluble  in  acids — -e.g.  in  acetic,  tartaric,  and  citric 
acids.  It  is  insoluble  in  water,  and  a little  soluble  in  water  containing  carbon 
dioxide.  When  heated  under  press,  at  100°  it  remains  amorphous.  C.  U.  Shepard 
found  it  occurring  naturally  in  green  masses ; and  he  called  it  phosphor  chromite. 
A.  Colaui  was  unable  to  prepare  chromous  metaphosphate,  Cr(P03)2,  by  the  action 
of  fused  metaphosphoric  acid  on  chromium  or  chromous  salts,  although  the  method 
is  applicable  for  the  corresponding  ferrous  salt. 

L.  N.  Vauquelin  2 found  that  hydrated  chromic  oxide  dissolves  in  an  aq.  soln. 
of  phosphoric  acid,  forming  an  uncrystallizable,  emerald-green  liquid.  When  a 
soln.  of  chromic  chloride  is  mixed  with  potassium  phosphate,  a green  precipitate  is 
obtained,  which  appears  bluish-black  after  ignition,  and  yields  a greenish-brown 
powder.  If  a hot  soln.  of  chrome-alum  is  treated  with  an  excess  of  sodium  hydro- 
phosphate,  hydrated  chromic  phosphate  is  precipitated,  and  when  this  is  heated, 
it  yields  brown  chromic  orthophosphate,  CrP04.  A.  F.  Joseph  and  W.  N.  Rae 
observed  that  the  brown  anhydrous  salt  is  formed  when  any  of  the  hydrates  is 
heated  to  dull  redness — vide  infra.  It  is  very  resistant  towards  chemical  agents 
being  insoluble  in  hydrochloric  acid  or  aqua  regia,  and  only  attacked  by  sulphuric 
acid  when  nearly  boiling.  It  is  then  converted  into  an  earthy-coloured  powder, 
insoluble  in  water  and  acids,  which  appears  to  be  a compound  of  chromium  phos- 
phate and  sulphate  of  indefinite  composition  The  anhydrous  phosphate  requires 
calcining  with  lime  before  it  can  be  dissolved  by  alkali-lye.  W.  Lapraik  found  that 
a soln.  of  hydrated  chromic  oxide  in  phosphoric  acid  shows  an  absorption  band  in 
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the  green.  H.  T.  S.  Britton  studied  the  electrometric  titration  of  soln.  of  chromic 
sulphate  with  sodium  phosphate.  W.  J.  Sell  dialyzed  a soln.  of  chromic  phosphate 
in  an  ammoniacal  soln.  of  ammonium  hydrophosphate,  and  obtained  colloidal 
chromic  phosphate.  N.  R.  Dhar  and  co-workers  studied  the  adsorption  of  calcium 
salts  by  colloidal  chromic  phosphate.  The  electrical  conductivity  of  the  sol  shows 
that  there  are  no  free  ions  exist  in  soln.,  and  this  is  confirmed  by  the  fact  that  the 
sol  coagulates.  J.  A.  Hedvall  and  J.  Heuberger  found  that  chromic  phosphate 
begins  to  react  with  baryta  : 2CrI)04+3Ba0=Ba3(P04)2+Cr203  at  342°  ; with 
strontia  at  464°  ; and  with  lime  at  517°. 

Some  green  pigments  are  composed  essentially  of  chromic  phosphate.  Thus, 
J.  Arnaudon  obtained  a green  pigment  by  heating  to  170°-180°  for  half  an  hour  a mixture 
of  128  parts  of  normal  ammonium  phosphate  and  149  parts  of  potassium  dichromate,  and 
washing  the  product  with  hot  water.  E.  Mathieu-Plessy,  and  G.  Kotlie,  by  boiling  10 
kgrms.  of  potassium  dichromate  in  100  litres  of  water,  and  30  litres  of  a soln.  of  mono- 
calcium phosphate,  and  2-5  kgrms.  of  cane  sugar  ; and  G.  Schnitzer,  by  melting  36  grms. 
of  crystalline  sodium  phosphate,  15  grms.  of  potassium  dichromate,  and  6 grms.  of  tartaric 
acid  and  washing  the  product  with  cold  hydrochloric  acid,  and  then  with  hot  water. 
J.  Dingier  employed  a similar  process.  A.  Carnot  boiled  a mixture  of  an  alkali  chromate, 
and  sodium  thiosulphate  in  the  presence  of  phosphoric  acid.  W.  Muthmann  and  H.  Heram- 
hof  recommended  chromic  phosphate  as  a more  stable  pigment  than  chromic  oxide  for  high 
temp.  work. 

C.  F.  Rammelsberg  showed  that  when  a cold  soln.  of  sodium  dihydrophosphate 
is  added  drop  by  drop  to  an  excess  of  chrome-alum,  the  precipitate  is  lavender  or 
violet,  amorphous  hexahydrate  ; and  if  this  be  allowed  to  remain  in  contact  with 
the  soln.  for,  say,  48  hrs.,  it  furnishes  the  dark  violet,  crystalline  hexahydrate. 
It  may  be  washed  by  decantation,  filtered,  and  dried  in  air.  If  the  chrome-alum 
be  not  in  excess,  a violet  powder  is  formed  which  does  not  crystallize  if  allowed  to 
stand  for  days.  H.  Schiff  added  that  this  compound  is  formed  only  in  acidic  soln. 
when  the  chrome-alum  is  in  excess.  The  triclinic  crystals  have  a sp.  gr.  of  2-121  at 
14° ; A.  F.  Joseph  and  W.  N.  Rae  gave  2-12  for  the  sp.  gr.  of  the  hexahydrate  at 
32-5°.  All  the  hydrates  at  a low  red-heat  form  the  black  anhydride,  which  has  a 
sp.  gr.  2-94  at  32-5°.  The  sp.  gr.  increases  during  a prolonged  ignition  owing  to 
the  loss  of  phosphoric  oxide.  The  following  data  denote  respectively  the  per- 
centage losses  and  sp.  gr.  : heated  over  a bunsen  burner  for  1 hr.,  1-2,  and  3-16, 
and  for  3 hrs.,  2-4,  and  3-29 ; heated  36  hrs.  at  1100°,  4-4,  and  3-42 ; and  when 
heated  36  hrs.  in  a draught-furnace,  9-8,  and  3-66  ; and  for  50  hrs.,  11-7,  and  3-78. 
A.  Etard  stated  that  the  hexahydrate  lost  3-5  mols.  of  water  at  100°.  H.  Schiff 
said  that  the  hexahydrate  forms  a green  pseudomorph  at  100°,  and  loses  3 mols.  of 
water,  and  a fourth  mol.  is  not  all  expelled  when  kept  for  4 days  at  this  temp. 
H.  Schiff  said  that  when  the  hexahydrate  is  boiled  with  acetic  anhydride  it  forms  a 
green  salt.  C.  F.  Rammelsberg  said  that  a green  phosphate  is  formed  if  the  chrome- 
alum  soln.  be  added  to  an  excess  of  a soln.  of  sodium  dihydrophosphate.  C.  L.  Bloxam 
acidified  the  soln.  with  acetic  acid,  and  boiling  the  mixture — vide  infra ; and 
A.  Carnot  worked  with  a boiling  acid  soln.  in  the  presence  of  sodium  acetate — if  a 
chromate  soln.  is  used,  it  is  reduced  to  the  chromic  state  by  the  simultaneous 
addition  of  sodium  thiosulphate.  There  is  some  difference  of  opinion  as  to  the 
composition  of  the  green  hydrate  dried  at  100°.  C.  L.  Bloxam,  and  A.  Etard 
regarded  it  as  a hemipenlahydrale ; and  C.  F.  Rammelsberg,  and  A.  Carnot,  as  a 
trihydrate ; while  H.  Schiff  found  that  the  salt  obtained  by  the  action  of  boiling 
acetic  anhydride  on  the  violet  hexahydrate  is  the  green  dihydrate.  A.  F.  Joseph 
and  W.  N.  Rae  who  observed  no  evidence  of  the  existence  of  the  hemipentahydrate 
or  of  the  trihydrate,  but,  in  agreement  with  H.  Schiff,  they  observed  the  formation 
of  the  dihvdrate,  and  found  that  the  dehydration  does  not  proceed  any  further  if 
the  boiling  be  prolonged.  If  the  dry  hexahydrate  be  heated,  A.  F.  Joseph  and 
W.  N.  Rae  observed  that  the  first  break  occurs  when  the  dihydrate  appears.  The 
dihydrate  has  a sp.  gr.  of  2-42  at  32-5°  ; and  H.  Schiff  represented  it  by  the  formula 
(HO)2=PO.O.Cr(OH)2.  If  the  hexahydrate  be  left  in  contact  with  its  mother- 
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liquor,  or  with  water,  it  forms  a green,  amorphous  powder  of  the  tetrahydrate.  This 
change  occurs  if  the  crystals  of  the  hexahydrate  be  left  in  contact  with  water,  or  with 
a soln.  of  sodium  phosphate  or  of  chrome-alum.  The  change  is  slow  at  low  temp., 
for  at  5°  signs  of  the  change  appear  only  after  30  days,  whereas  at  100°,  half  an 
hour’s  boiling  with  water  suffices  for  the  production  of  the  green,  crystalline  tetra- 
hydrate.  The  violet  crystals  also  passed  into  the  green  tetrahydrate  when  kept 
for  2 years  at  room  temp,  in  air.  The  sp.  gr.  of  the  tetrahydrate  is  2-10  at  32-5°. 
According  to  A.  Carnot,  the  green  hydrate  is  sparingly  soluble  in  boiling  water, 
and  in  soln.  of  ammonium  nitrate,  or  acetate.  C.  L.  Bloxam  found  it  to  be 
slowly  dissolved  by  boiling  cone,  hydrochloric  acid  in  sulphuric  and  hydro- 
chloric acids,  but  the  dihydrate  is  rather  difficult  to  dissolve  in  the  latter. 
C.  L.  Bloxam  found  that  chromic  phosphate  is  oxidized  when  boiled  with  nitric 
acid  of  sp.  gr.  1-4  assisted  by  a little  potassium  chlorate.  J.  Dowling  and 
W.  Plunkett  stated  that  the  hydrated  phosphate  is  not  soluble  in  acetic  acid,  but  is 
soluble  in  mineral  acids  from  which  it  is  precipitated  unchanged  by  ammonia  or 
ammonium  sulphide.  The  hydrated  phosphate  is  readily  dissolved  by  alkali-lye, 
from  yhich  soln.  it  is  deposited  by  boiling  ; but,  added.  -H.  Kammerer,  much  of  the 
phosphoric  acid  remains  in  soln.  A.  F.  Joseph  and  W.  N.  Rae  said  that  chromite 
soln.  are  formed  by  the  action  of  cone,  alkali-lye,  and  that  a soln.  of  sodium  carbonate 
immediately  converts  the  violet  hexahydrate  into  a green  basic  salt,  which  retains 
alkali  too  tenaciously  to  be  removed  by  washing.  J.  A.  Hedvall  observed  that 
chromic  phosphate  reacts  with  barium  oxide  at  342°,  forming  barium  phosphate 
and  chromic  oxide  ; and  it  reacts  in  an  analogous  manner  with  strontium  oxide  at 
464°,  and  with  calcium  oxide  at  517°. 

S.  M.  Jorgensen  prepared  chromic  hexamminophosphate,  [Cr(NH3)6]P04.4H20, 
by  adding  sodium  dihydrophosphate  to  a soln.  of  the  hexamminotrinitrate,  and 
then  cone,  ammonia.  The  yellow  needles  are  sparingly  soluble  in  water,  and  freely 
soluble  in  dil.  acids,  from  which  soln.  the  salt  is  precipitated  unchanged  by  ammonia. 
It  loses  water  slowly  when  confined  in  a desiccator  over  sulphuric  acid  ; and  rapidly 
when  heated  to  100°  in  air. 

K.  Haushofer  obtained  an  acid  salt  — chromic  trihydrodiphosphate, 
CrH3(P04)2.8H20 — from  a soln.  of  chromic  phosphate  in  phosphoric  acid;  the 
triclinic  crystals  have  the  colour  of  chrome-alum,  and  are  stable  in  air. 
A.  SchwarZenberg  obtained  pale  green  hydrated  chromic  pyrophosphate,  Cr4(P207)3, 
by  adding  sodium  pyrophosphate  to  a soln.  of  chrome-alum ; and  L.  Ouvrard,  by 
melting  sodium  metaphosphate  with  chromic  oxide.  The  pale  green  hydrate 
darkens  at  100°,  and  loses  nearly  3 mols.  of  water  when  heated.  L.  Ouvrard  found 
that  the  monoclinic  prisms  obtained  by  his  fusion  process  have  a sp.  gr.  of  3-2  at 
20°.  The  salt  is  soluble  in  soln.  of  sodium  pyrophosphate,  in  strong  mineral  acids, 
in  sulphurous  acid,  and  in  potash-lye.  J.  Persoz  said  that  the  pyrophosphate  is 
not  attacked  by  ammonium  sulphide.  A.  Rosenheim  and  T.  Triantaphyllides 
obtained  salts  of  what  they  regarded  as  chromipyrophosphoric  acid,  H(CrP207). 
Thus,  by  dropping  into  a sat.  soln.  of  sodium  pyrophosphate  soln.  a cold,  cone.  soln. 
of  chromic  chloride  in  cone,  hydrochloric  acid,  grey  sodium  chromipyrophosphate 
is  formed  as  an  octohydrate,  Na(CrP207).8H20,  which  becomes  a pale  green  penta- 
hydrate  in  a few  days.  Similarly,  there  were  obtained  pale  green  potassium  chromi- 
pyrophosphate, K(CrP207).5H20 ; and  grey,  microscopic  columns  of  ammonium 
chromipyrophosphate,  ~NH4(CrP207).6H20. 

According  to  R.  Maddrell,  if  a soln.  of  hydrated  chromic  oxide  in  an  excess  of 
dil.  phosphoric  acid  be  evaporated  to  dryness,  and  the  product  heated  to  360°, 
chromic  metaphosphate,  Cr(P03)3,  is  formed.  K.  R.  Johnsson  obtained  it  by 
heating  chromic  sulphate  with  metaphosphoric  acid  so  as  to  drive  off  all  the  sul- 
phuric acid ; and  P.  Hautefeuille  and  J.  Margottet,  by  melting  chromic  oxide  or  phos- 
phate with  four  times  its  weight  of  metaphosphoric  acid.  The  salt  was  prepared 
by  J.  Miiller  by  treating  8 grms.  of  sodium  metaphosphate  with  300  c.c.  of  a cone, 
soln.  of  chrome-alum,  with  constant  stirring  at  70° ; this  soln.  remains  clear  when 
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boiled,  or  diluted  with  its  own  vol.  of  water.  If  this  soln.  be  stirred  for  4 days  at 
ordinary  temp,  with  9 grms.  of  sodium  metaphosphate,  and  the  dark  green  solid 
be  washed,  and  heated  to  350°,  chromic  metaphosphate  is  produced.  P.  Haute- 
feuille  and  J.  Margottet  observed  that  the  green,  rhombic  crystals  are  isomorphous 
with  the  metaphosphates  of  iron,  aluminium,  and  uranium  ; K.  R.  Johnsson  found 
the  sp.  gr.  to  be  2-974,  and  the  mol.  vol.  195.  A.  F.  Joseph  and  W.  N.  Rae  found 
that  if  heated  for  some  time  over  a meker  burner,  it  becomes  brown,  but  regains 
its  green  colour  on  cooling ; its  sp.  gr.  is  then  2-96,  whilst  the  salt  prepared  by 
R.  Maddrell’s  process  had  a sp.  gr.  of  2-93.  The  salt  is  insoluble  in  water  and  in 
mineral  acids.  P.  Gliihmann  found  that' a violet  crystalline  or  green  amorphous 
chromic  triphosphate  is  produced  by  the  action  of  sodium  triphosphate  on  a chromic 
salt — vide  8.  50. 

L.  J.  Cohen  could  not  prepare  ammonium  chromium  phosphate,  by  adding 
ammonium  dihydrophosphate  to  a strongly  acidic  soln.  of  chromic  chloride,  but  by 
reducing  the  acidity,  a green,  gelatinous  precipitate  with  the  composition 
(NH4)2HP04.2CrP04.3H20  was  obtained  ; but  if  no  hydrochloric  acid  or  only  a 
very  small  proportion  was  present  ammonium  chromium  hydroxyphosphate, 
5NH4(H2P04).2CrP04.4Cr(0H)2,was  produced.  L.  J.  Cohen  found  that  the  precipitate 
obtained  on  boiling  soln.  of  chromic  salts  with  sodium  phosphate  and  acetic  acid,  is 
not,  as  C.  L.  Bloxam  supposed,  an  impure  chromic  phosphate,  but  rather  sodium 
chromium  phosphate,  Na2HP04.2CrP04.5H20,  which,  when  repeatedly  washed 
with  water,  is  converted  into  a basic  salt.  H.  Grandeau  obtained  pale  violet 
crystals  of  potassium  chromium  phosphate,  3K20.2Cr203.3P202,  by  fusing  a 
mixture  of  chromic  and  potassium  phosphates. 

K.  A.  Wallroth  prepared  sodium  chromium  pyrophosphate,  NaCrP207,  by 
cooling  a molten  mixture  of  microcosmic  salt  and  chromic  oxide  ; and  L.  Ouvrard 
obtained  from  a soln.  of  chromic  oxide  or  chromic  phosphate  in  molten  sodium  meta- 
phosphate  ; or  of  chromic  phosphate  in  molten  sodium  pyrophosphate.  The  green 
rhombic  prisms  have  a sp.  gr.  3-0  at  20°.  S.  M.  Jorgensen  treated  a soln.  of  chromic 
hexamminonitrate  with  sodium  pyrophosphate  and  then  with  ammonia.  Yellow, 
six-sided  plates  of  sodium  chromic  hexamminopyrophosphate,  Na[Cr(NH3)6]P207. 
11|H20,  were  produced.  The  salt  is  insoluble  in  cold  water and  when  confined 
over  sulphuric  acid  for  a few  months,  it  loses  10|  mols.  of  water  ; at  130°,  some 
ammonia  as  well  as  water  is  given  off.  J.  Persoz  treated  a soln.  of  a chromic  salt 
with  potassium  pyrophosphate,  and  obtained  a soln.  which  was  not  precipitated  by 
ammonium  sulphide.  L.  Ouvrard  melted  potassium  metaphosphate  with  chromic 
oxide,  or  potassium  dichromate  with  chromic  phosphate  and  obtained  monoclinic 
prisms  of  potassium  chromic  pyrophosphate,  KCrP207,  of  sp.  gr.  3-5  at  20°. 

C.  Friedheim  and  I.  Mozkin  3 prepared  ammonium  phosphatotetrachromate, 
(NH40.Cr02.0.Cr02.0)2 : PO.(ONH4),  by  evaporating  soln.  of  a mol  each  of 
ammonium  dichromate  and  phosphorus  pentoxide  or  from  a soln.  of  equimolar 
proportions  of  ammonium  dihydrophosphate  and  chromium  trioxide,  or  by 
heating  a mixture  of  2 mols  of  phosphoric  acid,  4 mols  of  chromium  trioxide,  2 mols 
of  ammonia,  and  a mol  of  ammonium  dihydrophosphate.  The  salt  forms  dark  red 
crystal  aggregates  ; when  the  soln.  of  the  salt  is  recrystallized  from  its  aq.  soln., 
ammonium  dichromate,  and  phosphoric  and  chromic  acids  are  formed.  They  also 
prepared  potassium  phosphatodichromate,  (K0.Cr02.0.Cr02.0)(K0)  : PO.OH, 
from  a mixture  of  potassium  dichromate  with  an  excess  of  phosphoric  acid. 
M.  JBlondel  obtained  it  by  mixing  a highly  cone.  soln.  of  phosphoric  and  chromic 
acids,  containing  8 mols  of  the  latter  to  one  mol  of  the  former,  with  three-fourths 
of  a mol  of  potassium  carbonate.  A salt  of  the  composition  3K20.P205.8Cr03,  or 
potassium  phosphatotetrachromate,  (K0.Cr02.0.Cr02.0)2P0(0K)2,  is  precipitated 
in  the  form  of  small,  short  prisms.  If  the  soln.  contains  only  two  mols  of  chromic 
acid,  needles  of  the  phosphatodichromate  are  formed.  If  the  latter  soln.,  however, 
is  mixed  with  some  crystals  of  the  first  salt,  the  precipitate  at  first  consists  of 
phosphatotetrachromate,  but,  if  left  in  contact  with  the  liquid,  it  is  converted  into 
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the  phosphatodichromate.  The  phosphatotetrachromate  is  converted  into  the 
phosphatodichromate  by  treatment  with  water  or  with  a sat.  soln.  of  potassium 
dichromate.  For  some  complex  phosphohalides,  vide  supra,  chromyl  chloride. 
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CHAPTER  LXI 

MOLYBDENUM 

§ 1.  History  of  Molybdenum 

The  extraordinary  confusion  in  the  use  of  the  terms  plumbago,  graphite,  galena,  and 
molybdena,  which  prevailed  from  the  time  of  Aristotle,  circa  350  B.c.  to  the  18th 
century,  has  been  discussed  in  connection  with  carbon,  and  with  galena.  It  is  very 
difficult  to  pick  out  from  the  various  references  those  which  in  all  probability  refer 
to  molybdena.  The  term  molybdcena  is  the  Latinized  form  of  the  Greek  poAu/JScuva, 
which  is  derived  from  pdAu/JSo?,  lead.  The  term  poXv^Sacva  appears  to  have  been 
applied  by  Aristotle,1  Dioscorides,  Galen,  Pliny,  etc.,  to  various  things  associated 
with  lead — plummets,  sinkers  for  fishing  nets,  bullets  for  catapults,  etc. — to  lead 
oxide  obtained  as  a by-product  in  cupellation,  and  to  natural  lead  ores. 

According  to  J.  W.  Evans,  during  the  17th  century,  the  terms  lapis  plumbarius, 
plumbago,  and  galena,  and  exceptionally  molybdcena,  were  employed  in  the  sense  of 
graphite,  including,  probably,  molybdenite  with  which  it  was  confounded.  Later, 
molybdama  was  commonly  employed  for  graphite,  and  galena  became  identified  with 
the  mineral  which  now  bears  that  name.  It  was  soon  recognized  that  molybdaena 
and  graphite  did  not  contain  lead  ; and  those  who  experimented  on  molybdaena 
seem  to  have  regarded  it  as  a kind  of  zinc  sulphide.  J.  F.  Henckel,2  for  instance, 
used  the  molybdaena  for  zinc-blende ; and  J.  G.  Hoffmann  and  J.  B.  Bohmer 
associated  the  term  molybdaena  with  tin,  and  they  also  confused  it  with  graphite.  In 
his  work  on  nihil  or  sublimed  zinc  oxide,  I.  Lawson  described  molybdaena,  and  this 
appears  to  have  been  molybdenite,  although  he  believed  it  to  be  identical  with 
graphite.  J.  G.  Wallerius’  minerals  ren  Blyertz  or  molybdaena  pura,  and  oren 
Blyertz  or  molybdaena  impura  included  graphite  and  molybdenite.  In  1754,  in  a 
paper : Ron  om  Blyerts — the  Swedish  term  for  graphite,  B.  Qvist  described  some 
experiments  on  a mineral  occurring  in  flexible  plates  which  must  have  been  molyb- 
denite. A.  von  Cronstedt’s  description  of  molybdena  membranacea  nitens  from 
Bispberg,  Sweden,  is  applied  to  the  molybdenite  employed  in  B.  Qvist’s  experiments. 
J.  W.  Baumer  distinguished  the  non-combustible  Wasserbley  or  molybdaena  of 
Bispberg  from  the  combustible  Wasserbley  or  molybdaena  or  plumbum  scriptorum 
used  for  making  pencils.  C.  Linnaeus  referred  to  molybdcenum  tritura  ccerulescente, 
or  molybdenum  with  a bluish  streak  ; and  this  was  possibly  the  mineral  investigated 
by  B.  Qvist. 

The  confused  ideas  which  prevailed  up  to  1778  as  to  the  nature  of  graphite  and 
molybdenite  were  at  length  dissipated  by  the  work  of  C.  W.  Scheele  described  in 
papers  entitled  Forsok  med  Blyerts,  Molybdcena  (1778),  and  Forsok  med  Blyerts, 
Plumbago  (1779).  In  his  first  paper,  C.  W.  Scheele  showed  that  the  molybdcena 
membranacea  nitens  on  which  B.  Qvist  made  his  experiments,  is  a combination  of 
an  acid  of  a metallic  nature  with  sulphur  ; and  in  his  second  paper,  he  demonstrated 
that  the  molybdencem  texlura  micacea  et  granulata  of  A.  von  Cronstedt,  is  a mineral 
charcoal  composed  of  an  aerial  acid — carbonic  acid — and  phlogiston  with  a small 
proportion  of  pyrites.  Translating  C.  W.  Scheele's  statement  into  modern  nomen- 
clature : aerial  acid-(-phlogiston=carbon.  It  is  not  stated  why  the  term  molyb- 
daena was  allocated  to  molybdenite  when,  at  that  period,  graphite  was  the  more 
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usual  term  ; but  afterwards,  when  he  wanted  a term  for  graphite,  he  naturally 
adopted  the  Latin  term  plumbago.  C.  W.  Scheele’s  usage  fixed  the  subsequent 
terms  molybdsena  and  graphite  or  plumbago.  For  example,  T.  Bergman, 
W.  Withering,  J.  Fibig,  A.  G.  Werner,  D.  L.  G.  Karsten,  and  R.  Kirwan  followed 
C.  W.  Scheele.  J.  B.  L.  Rome  de  l’lsle  was  studying  graphite  at  the  same  time  as 
C.  W.  Scheele,  and  he  expressed  the  belief  that  C.  W.  Scheele’s  molybdaena  is 
micaceous  iron  ore,  mine  defer  micacee  grise,  and  that  his  plumbago  owed  its  action 
on  nitre  au  fer  noir&tre  phlogistique,  en  un  mot  a Vethiops  martial  natif  et  a la  matiere 
grasse  qui  s’y  rencontrent.  The  subject  was  discussed  by  B.  G.  Sage,  and 
P.  J.  Macquer. 

In  1782,  P.  J.  Hjelm  3 separated  the  metal  from  molybdaena,  and  called  it  molyb- 
denum. B.  Pelletier  also  isolated  the  metal  which  was  thereafter  studied  by 
J.  J.  Berzelius,  and  C.  F.  Bucholz.  R.  Kirwan  4 applied  the  term  molybdenite  to 
the  metal,  but  A.  Brongniart’s  use  of  the  term  molybdenite  for  the  mineral  sulphide 
is  in  general  use  in  England  and  France.  In  Germany,  the  old  term  Molybdan,  as 
well  as  D.  L.  G.  Karsten’s  term  Molybdanglanz,  are  used  for  the  sulphide. 

M.  Ogawa  5 reported  that  molybdenite  and  thorianite  contain  a new  element  closely 
allied  to  molybdenum,  and  probably  identical  with  the  new  tin-group  element  reported  by 
C.  de  B.  Evans  in  thorianite.  The  element  was  said  to  differ  from  molybdenum  in  being 
soluble  in  hot  cone,  hydrochloric  acid,  and  in  giving  no  colour  reaction  when  its  higher 
oxide  is  reduced  with  tin  and  hydrochloric  acid  either  in  the  presence  or  absence  of  potassium 
thiocyanate.  M.  Ogawa  also  reported  another  element  which  he  called  nipponium,  to 
occur  in  molybdenite,  thorianite,  and  reinite  ; this  element  was  said  to  fill  the  gap  between 
molybdenum  and  ruthenium.  These  results  have  not  been  confirmed.  R.  Nasini  and 
E.  Baschieri  could  find  no  nipponium  in  the  molybdenite  from  Stilo,  Calabria. 
G.  G.  Boucher  6 extracted  from  cast-iron  and  blast-furnace  boiler-dust  “ a new  element  ” 
which  was  shown  by  F.  G.  Ruddock,  and  C.  H.  Jones  to  be  molybdenum  mixed  with  iron. 

M.  Gerber  reported  that  molybdenum  is  not  a simple  substance,  but  that  it  is  accom- 
panied by  an  isotope  which  is  chemically  and  spectroscopically  identical.  He  called  this 
element  neomolybdenum.  He  said  that  neomolybdenum  was  separated  from  molybdenum 
by  fractional  crystallization  of  a specimen  of  ammonium  molybdate  prepared  from  molyb- 
denite from  Glen  Innis,  New  South  Wales.  The  most  soluble  fractions,  when  analyzed, 
have  for  the  metal  an  at.  wt.=99-9  (Mo  = 96),  and,  moreover,  the  acidic  oxide  obtained 
by  heating  this  ammonium  salt  was  far  more  volatile  than  ordinary  molybdic  acid.  These 
statements  have  not  been  confirmed. 
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§ 2.  The  Occurrence  of  Molybdenum 

Molybdenum  does  not  occur  in  the  elemental  form  in  nature.  Its  compounds 
are  among  the  scarcer  constituents  of  the  earth’s  crust.  According  to.F.  W.  Clarke 
and  H.  S.  Washington,1  the  average  proportion  of  molybdenum  in  the  igneous  rocks 
of  the  earth’s  crust  is  n X 10~6  per  cent.  J.  H.  L.  Vogt  estimated  n X 10-7  per  cent. 
W.  Vernadsky  gave  0-059  for  the  percentage  amount,  and  0-045  for  the  atomic 
proportion.  W.  and  J.  Noddack  and  0.  Berg  gave  10-7  for  the  absolute  abundance 
of  molybdenum  on  the  earth.  The  general  subject  was  discussed  by  H.  S.  Washing- 
ton, G.  Tammann,  V.  M.  Goldschmidt,  E.  Herlinger,  A.  von  Antropoff,  0.  Hahn, 
and  -J.  Joly.  H.  A.  Rowland  2 included  molybdenum  among  the  elements  which 
had  been  detected  spectroscopically  in  the  sun ; although  C.  C.  Hutchins  and 
E.  S.  Holden  failed  to  detect  molybdenum  lines  in  the  solar  spectrum.  J.  N.  Lockyer, 
however,  attributed  certain  lines  in  the  spectrum  of  the  sun  to  molybdenum  ; and 
S.  Albrecht  detected  the  lines  of  this  element  in  the  spectrum  ofy-Geminorum. 


Fig.  1. — -Geographical  Distribution  of  the  Molybdenum  Ores. 


The  two  minerals  of  practical  importance  are  molybdenite,  MoS2,  and  wulfenite, 
PbMo04.  Molybdenite — molybdenum  sulphide — is  a pneumatolytic  product 
derived  from  granitic  magmas.  Most  of  the  occurrences  of  molybdenite  are  closely 
associated  with  acidic  plutonic  rocks,  particularly  the  granites.  It  occurs  embedded 
in  the  granite  itself,  or  along  open  joints  or  in  dykes  cutting  the  granite  or  the 
neighbouring  rocks.  It  also  occurs  in  deep-seated  veins  allied  to  the  pegmatites, 
or  in  the  fissure  veins  of  metalliferous  lodes.  The  mineral  is  here  of  direct  magmatic 
origin,  and  is  concentrated  in  the  later  solidifying  portions  of  the  magma  along  with 
tin,  wolfram,  and  sulphides  ; and  it  is  frequently  associated  with  fluoriferous 
minerals — tourmaline,  topaz,  and  fluorspar.  Molybdenite  is  sometimes  associated 
with  crystalline  limestone  or  lime-silicate  rocks  formed  by  the  thermal  metamorphism 
and  metasomatism  of  calcareous  deposits  near  the  granite.  This  case  is  illustrated 
by  some  of  the  Canadian  deposits  where  the  molybdenite  has  been  produced  by  the 
transfer  of  material  from  the  granitic  magma  to  the  sediment,  and  recrystallization. 
In  the  west  of  the  United  States,  the  wulfenite — lead  molybdate — is  usually  a 
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secondary  mineral  which  has  been  formed  in  the  oxidation  zone  of  the  upper  levels 
for  both  lead  and  molybdenum  occurs  as  sulphides  lower  down.  The  subject  was 
discussed  by  G.  0.  Smith,3  A.  R.  Crook,  J.  W.  Wells,  W.  H.  Emmons,  W.  C.  Brogger, 
F.  Schafarzik,  R.  Brauns,  L.  W.  Staples  and  C.  W.  Cook,  and  E.  Thomson. 

The  geographical  distribution  4 of  the  more  important  molybdenum  ores  is 
summarized  in  the  map,  Fig.  1.  The  chief  localities  are  as  follow  : 

Europe. — Small  quantities  of  molybdenite  have  been  reported  from  a number  of 
localities  in  the  British  Isles  6 — e.g.,  at  Lalant,  Marazion,  St.  Day,  Guinear,  etc.  in  Cornwall ; 
Mount  Sorrel,  Leicestershire  ; Carrock  Fell,  Cumberland  ; Tomnadashan,  Perthshire  ; in 
the  granites  of  Galloway,  Argyleshire,  and  Inverness ; Murvey,  Galway  ; near  Lough  Laragh, 
Inishdovey,  Donegal.  In  no  case  is  any  deposit  of  commercial  value.  No  deposits  are 
worked  in  France  6 on  a commercial  scale.  Molybdenite  has  been  reported  at  Miseri,  near 
Nantes  ; in  Haute  Vienne  ; at  St.  Leonard,  Limoges  ; Chessy,  in  the  Central  Plateau  ; the 
red  granite  of  Glacier  de  la  Meije,  Dauphin6 ; in  the  gneiss  near  the  Mer  de  Glace  ; and  in  the 
Vosges.  Molybdenum  concentrates  have  been  exported  from  Spain.7  There  are  molyb- 
denum occurrences  on  the  Sierra  de  Guadarrama,  Villacastin,  Navacerrada.  Hoyo  de 
Manzanares,  and  at  the  Torrelodones  tunnel ; also  at  Cuevas  de  Salabe,  Asturias  ; Espina- 
bel,  Gerona  ; Socorro  mine,  Linares  ; Madronal,  San  Roque,  Sierra  de  Mijas.  Malaga  ; 
Sierra  Nevada  and  in  several  places  in  Granada.  It  also  occurs  at  Wlez  de  Benaudella, 
and  Giiejar,  Sierra,  near  Albunuelas  ; in  the  Umbrua  del  Madronal ; and  in  Almeria. 
Molybdenite  occurs  in  a few  places  in  Italy  8 — e.g.  Traversella,  Drusacco,  Quittengo, 
Bolladore,  Villaputzu,  Sardinia,  and  at  Monte  Somma.  In  Switzerland,9  occurrences  of 
molybdenum  have  been  observed  at  Binnenthal,  Lucendro,  Miirtschenalp,  Aletsch,  and 
Visp  ; and  in  Austria,10  at  Salzberg,  Zillerthal,  and  Schmirn.  Occurrences  have  been 
found  in  Yugo-Slavia  11 — e.g.  in  Carinthia  (Slovenia).  Molybdenite  occurs  in  various  parts 
of  Russia  12 — e.g.  near  Bash  Abaran,  Caucasus  ; in  the  Zanguezar  district,  on  the  Ilmensky 
Hills,  neav  the  River  Cherelipanky  ; there  are  deposits  in  Finland,13  and  at  Matasvaara, 
and  Pitkaranta.  In  Germany,11  molybdenite  occurs  as  a rare  constituent  of  the  stanni- 
ferous veins  of  Geyer,  Erzgebirge  ; at  Sanberge,  Ehrenfriedersdorf  ; and  at  Sadisdorf, 
Saxony.  Molybdenite  occurs  in  Sweden  15  near  Norrkoping  ; and  on  the  Island  of  Ekhol- 
men  in  Vestervik.  There  are  important  deposits  of  molybdenum  ore  in  Norway,16  which  is 
regarded  as  one  of  the  principal  producers.  Most  of  the  Norwegian  output  is  from  mines 
in  the  districts  of  Knaben,  Moi,  Siredalen,  Mandal,  Telemarken,  Drammen,  and  Haugesund. 
The  ore  has  been  worked  on  a small  scale  at  Syversvolden,  Ostvaago,  Smolen,  Langvaten, 
and  Tjaardalskampen.  Molybdenite  is  an  accessory  constituent  of  many  of  the  igneous 
rocks  of  Norway — Laurvik,  Frederiksvarn,  Langesundfjord,  Lovo,  and  Klokkerholmen. 

Asia. — A.  E.  Fersman  17  reported  molybdenite  in  the  Selengan  Dauria,  Transbaikalia. 
Molybdenite  occurs  in  a vein  of  pegmatite  at  Hetimulla,  Kegalla,  and  Saffragam  in  Ceylon.18 
Considerable  amounts  of  molybdenite  are  associated  with  wolfram  and  tin  in  Burma  19 — 
e.g.  Yamethin,  South  Shan  States,  Thaton,  Tavoy,  and  Mergui.  In  India,20  molybdenite 
occurs  in  the  rocks  of  Chota  Nagpur  ; Rajputana  ; South  Travancore  ; Madura  ; Trichino- 
poly  ; Kurinavaram  ; Mangamalai ; Oregum,  Mysore  ; Patria  River,  Mahabagh  ; and 
Urmi,  Bengal.  Molybdenum  ores  have  been  reported  at  Ohantabun  on  the  east  coast  of 
Siam  : 21  in  Kwang-tung  in  China  ; and  at  Gifu,  Toyania,  Niigata,  Totori,  and  Hyogo  in 
Japan.?2  In  Siberia,23  and  Asiatic  Russia,  there  are  deposits  in  the  Kirghiz  Steppes,  and 
in  the  Transbaikul  province,  etc. 

Africa. — J.  Barthoux  21  described  the  deposits  of  wulfenite  in  Morocco  ; G.  Castelli, 
those  in  Portuguese  Angoli  ; and  R.  A.  Farquherson,  those  in  Somaliland.  Molybdenite 
has  been  reported  in  Nigeria  26  near  Jos,  and  in  the  Jarawa  Hills,  as  well  as  in  the  cassi- 
terite  veins  of  Dogon  Daji.  In  Southern  Rhodesia,26  molybdenite  occurs  at  Umtali, 
Hartley  district,  and  near  Bulawayo  ; in  South  West  Africa,27  south  of  Usakos  ; in  the 
Kuiseb  Valley  ; at  Aus,  and  in  the  Velloor  Hills,  Warmbad  district ; at  Gansberg  ; and 
Tsumeb.  The  ore  occurs  in  many  places  in  the  Union  of  South  Africa  28 — e.g.  in  the  granite 
rocks  near  Stellenbosch,  Cape  Province  ; in  various  localities  of  the  copper  district  of  Little 
Namaqualand  ; in  the  Transvaal  at  Appingadam,  St-avoreu,  Enkeldoorn,  and  Houlenbek  ; 
and  in  Natal  in  the  valley  of  Hlatimba,  and  at  Umkukuse,  Subeni,  and  in  Buffalo  valley. 

North  America. — Extensive  deposits  of  molybdenite  occur  in  Canada  29 — British 
Columbia,  Manitoba,  New  Brunswick,  Nova  Scotia,  Ontario,  Quebec,  and  Newfound- 
land. Deposits  occur  in  the  United  States  30  in  Arizona,  California,  Colorado,  South 
Dakota,  Maine,  Montana,  Nevada,  New  Mexico,  Texas,  Utah,  and  Washington.  Molyb- 
denite occurs  in  Shaken  in  Alaska.31  Molybdenite  has  been  reported  from  the  Leeward 
Islands,  West  Indies  ; 32  and  from  Hawaii.33  Ores  have  been  reported  from  a dozen  states 
in  Mexico  34 — San  Jose,  Tamaulipas  ; Nacosari,  Sonora  ; Sahuaripa,  El  Poovenir.  Tema- 
scaltepec,  Chihuahua,  Hidalgo,  etc.  Molybdenite  also  occurs  in  Central  America.33 

South  America. — Molybdenite  has  been  found  in  Argentina,36  at  San  Virgilio,  Sierra  de 
Cordoba  ; and  Los  Coloraditos,  Sierra  de  Velasco.  In  Bolivia,37  the  mineral  occurs  in 
the  Tasna  district,  Oruro  ; and  in  Larecaja,  La  Paz.  In  Chile,3.8  molybdenite  has  been 
reported  at  Cupane,  and  La  Punta.  In  Peru,39  in  the  Jauja  province,  Junin  ; at  Runatullo, 


488 


INORGANIC  AND  THEORETICAL  CHEMISTRY 


Picran  ; Torrioc  ridge,  Janchis-Jueha  ; Tipillapa  ; and  Caseas,  Contumaza.  In  Brazil,40 
at  Vallongo.  It  also  occurs  at  Santa  Rita  and  Patagonia.41 

Australasia. — In  New  South  Wales,42  molybdenite  occurs  in  the  New  England  district — 
Wilson’s  Downfall,  Rock  River  or  Wanglebung,  Bolivia,  Deepwater,  Glen  Eden,  Kingsgate, 
Yarrow  Creek,  Booralong  or  Balderleigh,  Attunga  and  Moonbi ; in  the  Yethotme  district — 
Mount  Tennyson,  Gemaila.  and  Tarana ; and  in  the  Whipstick  district — Jingera,  Mount 
Metallic,  Black  Range,  and  Tantawanglo.  In  the  Northern  Territory,43  deposits  occur  at 
Yenberrie,  and  Hatches  Creek.  In  Queensland,44  there  are  large  deposits  of  molybdenum 
ore,  at  Stanthorpe,  Ballandean ; in  the  northern  area  in  the  Chillagoe  district ; the  Wol- 
fram area,  the  Bamford  Mining  field  ; Rocky  Creek  area  ; Khartoum  area  ; Tyrconnel  ; 
Mt.  Perry  ; and  Boomarrie.  In  South  Australia,45  molybdenum  occurs  in  the  Moonta 
and  Walaroo  areas.  In  Victoria,48  molybdenum  ore  occurs  at  Wangrabelle,  Gippslund  ; 
and  at  Everton,  in  the  Beechworth  district.  In  West  Australia,47  molybdenum  ores  occur 
near  the  Yalgoo  goldfield;  near  Leonora;  at  Callie  Soak;  Coolgardie  ; in  the  Mount 
Margaret  goldfield  ; at  Southern  Cross,  Swan  View,  Wagin,  Ravensthorpe,  ClackJine,  and 
Blackboy  Hill.  In  New  South  Wales,48  mobybdenite  occurs  near  Kingsgate.  In  Tas- 
mania,48 small  deposits  occur  in  various  localities — e.g.  on  the  West  side  of  Mt.  Stronach  ; 
in  the  hinterland  of  Scamander  district ; in  the  district  of  Moina  ; East  of  River  Forth  ; 
King  Island ; and  South  Heemshirk.  In  New  Zealand,50  molybdenite  has  been  reported 
at  Ohio  Creek,  Thames  Goldfield  ; at  Fourteen-mile  Creek,  Grevmouth : in  the  Mt. 
Radiant  district ; near  Specimen  Creek  ; at  Richmond  Hill,  Parapara ; Bravo  Island  ; 
and  near  Dusky  Sound. 

Before  1914,  molybdenum  metal  sold  at  about  6/-  per  lb. ; in  1918,  ferromolyb- 
denum  with  50  to  60  per  cent,  molybdenum  sold  at  about  16/-  per  lb. ; and  in  1920, 
at  about  9/6  per  lb.  The  price  of  molybdenum  ore  in  1924  ranged  from  52s.  6 d. 
to  55s.  0 d.  per  unit.  Reliable  data  for  estimating  the  world’s  output  have  been 
available  only  in  comparatively  recent  times.  Until  the  demand  for  molybdenum 
for  the  manufacture  of  special  steels  arose,  the  greater  part  of  the  world’s  output 
was  absorbed  in  the  manufacture  of  a few  chemical  reagents.  R.  H.  Rastall  51 
estimated  for  1915-1920  the  proportion  of  metal  in  metric  tons  contained  in  the 
concentrates  produced  by  different  countries,  to  be  as  follows  : 


1915 

1917 

1918 

1920 

Australia 

. 70-8 

94-4 

1051 

35-5 

Bolivia  . 

6-5 

— 

— 

— 

Canada  . 

8-0 

89-9 

102-9 

nil 

Chile 

— 

20- 1 

— : 

— 

China 

. — 

2-4 

11 

— 

Korea 

. — 

59-2 

10-7 

— 

Japan 

— 

121 

70-3 

— 

Mexico 

. — 

— 

14-0 

0-3 

Norway  . 

. 72-3 

82-1 

84-9 

— 

Peru 

1-3 

3-8 

1-3 

1-0 

Spain 

5-2 

— 

— 

— 

Sweden  . 

— 

20-3 

25-1 

— 

United  States  . 

. 82-4 

158-8 

390-8 

15-8 

The  minerals  containing  molybdenum  include  the  crystalline  sulphide,  molyb- 
denite, MoS2,  or  the  colloidal  form,  jordisite  : the  molybdates,  wulfenite,  PbMo04 ; 
powellite,  CaMo04,  associated  with  CaW04  ; belonosite,  MgMo04;  molybdic  ochre, 
or  molybdite,  Mo03.wH20,  and  Fe2(Mo04)3.«H20 — possibly  a mixture  ; ochre- 
matite,  3{3Pb(As04)2.PbCl2}.4Pb2Mo05 : ferrous  tetramolybdite  of  M.  Spica  : 52 
pateraite,  impure  CoMo04;  ilsemannite,  'or  blue  oxide,  Mo02.4Mo03,  or 
Mo308.*iH20. 

W.  F.  Hillebrand  53  reported  on  the  molybdenum  content  of  the  American  rocks  ; 
and  M.  Spica  analyzed  the  molybdenum  minerals  of  Stilo,  Calabria.  C.  J.  Heine 
discussed  the  molybdenum  content  of  the  copper  schists  of  Mansfield,  and  P.  Krusch, 
that  of  Rickelsdorf ; K.  Chuboda,  that  of  manganese  diaspore;  C.  D.  Braun,  that  of  the 
vanadiferous  iron  ores  o/Xaverloh,  Harz  ; F.  Wohler,  that  of  iron,  and  iron  slags  ; 
L.  A.  Palmer,  clays  ; C.  R.  Fresenius  and  E.  Hintz,  that  of  hardhead  tin  ; H.  Traube, 
that  of  scheelite  ; H.  St.  C.  Deville,  that  of  rutile  ; C.  de  B.  Evans,  that  of  thorianite, 
and  W.  Steinkuhler,  that  of  pitchblende  ; A.  Jorissen  discussed  the  occurrence  of 
molybdenum  in  the  Liege  coal-field  ; and  H.  Ramage,  in  the  flue-dusts  from  South 
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Yorkshire  coals.  A.  Schacci  observed  that  a small  proportion  of  molybdenum  occurs 
in  the  crusts  of  the  fumaroles  in  the  craters  of  Vesuvius  ; J.  B.  Ferguson,  in  the 
volcanic  lava  of  Hawaii ; and  F.  Zambonini,  in  vesbine  in  crevices  of  the  Vesuvian 
lava  of  1631 . T.  L.  Phipson  showed  that  the  so-called  vesbium  (9.  53, 1)  is  a mixture 
of  copper  and  molybdenum. 

E.  Demargay  54  observed  molybdenum  occurring  in  the  ashes  of  some  plants— 
Scotch  fir,  silver  fir,  vine,  oak,  poplar,  and  hornbeam ; and  F.  von  Oefele,  in  the 
excrement  of  animals. 
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§ 3.  The  Extraction  of  Molybdenum 

The  molybdenum  ores  are  first  concentrated.1  In  the  case  of  wulfenite  ores, 
this  operation  is  comparatively  simple  because  the  mineral  has  a high  sp.  gr.  and 
is  easily  wetted.  Hence,  water  separation  can  be  employed  for  removing  the  gangue. 
Pneumatic  concentration  has  also  been  used  when  water  is  scarce.  Molybdenite 
is  not  usually  treated  by  water  separation  because  the  flaky  mineral  is  not  easily 
wetted,  and  it  is  liable  to  float.  The  ores  are  poor — over  2 per  cent,  of  molybdenite 
is  rare.  The  electrostatic  process  can  be  employed  with  ore  rather  coarsely  crushed. 
The  ore  is  dried  and  warmed.  Other  sulphides  also  collect  with  the  molybdenite,  and 
the  flotation  process  is  the  most  successful  mode  of  concentrating  the  ore.  Water 
flotation  is  used  in  some  cases,  but  oil  flotation — in  different  forms  —is  more  gener- 
ally employed. 

The  extraction  of  molybdates  or  molybdic  acid. — F.  Wohler,2  and  J.  J.  Berzelius 
recommended  roasting  the  sulphide  in  a current  of  air  so  as  to  collect  the  sublimate 
of  molybdenum  trioxide.  C.  Brunner  roasted  an  intimate  mixture  of  the  sulphide 
with  sand,  with'  stirring  until  the  mass  became  yellow.  The  molybdic  acid  was 
extracted  with  aq.  ammonia ; and  the  unoxidized  residue  was  roasted  again. 
The  ammoniacal  soln.  was  treated  with  a little  ammonium  hydrosulpbide  to 
precipitate  the  copper ; the  filtrate  wTas  evaporated  to  dryness ; extracted  with 
dil.  ammonia  ; and  the  filtrate  evaporated  for  the  crystallization  of  ammonium 
molybdate.  R.  W.  Stimson,  C.  Svensson,  and  L.  F.  Svanberg  and  H.  Struve  used 
modifications  of  the  process.  F.  Luchs  deflagrated  a mixture  of  potassium  nitrate 
and  molybdenite,  extracted  the  mass  with  water,  and  treated  the  product  with 
nitric  acid.  A.  Kissock  roasted  a mixture  of  the  sulphide  with  lime. 

K.  Christl  melted  a mixture  of  powdered  wulfenite  and  sodium  carbonate,  and 
poured  out  the  molten  mass  so  that  the  alkali  molybdate  was  separated  as  much 
as  possible  from  the  lead  oxide.  The  cold  cake  was  extracted  with  hot  water.  The 
filtrate  was  treated  with  a little  ammonia  and  ammonium  carbonate  to  precipitate 
lead  carbonate  ; and  the  filtrate  was  mixed  with  nitric  acid  and  evaporated  to 
dryness.  The  sodium  nitrate  was  removed  from  the  molybdic  acid  by  extraction 
with  water.  C.  Elbers  modified  the  process  by  adding  iron  turnings  or  carbonized 
potassium  tartrate  to  the  original  mixture.  This  reduces  the  lead  to  the  metal, 
but  not  the  molybdic  acid.  A.  Kissock  roasted  the  ore  mixed  with  a calcium  salt, 
so  as  to  form  calcium  molybdate  and,  similarly,  by  roasting  with  ferric  oxide  or 
sulphide,  ferric  molybdate  is  formed.  The  product  was  then  treated  for  molybdic 
acid.  J.  W.  Weitzenkorn  heated  a mixture  of  molybdenite  with  manganese  oxide 
in  the  presence  of  oxygen.  F.  D.  S.  Robertson  roasted  the  sulphide  ore  to  oxide, 
and  then  volatilized  the  molybdenum  trioxide.  B.  Broch,  and  P.  JSchwarzkopf 
heated  the  ore  at  1100°-1500°  in  dry  oxygen  to  volatilize  the  trioxide;  and 
S.  Westberg  and  E.  Edwin  first  reduced  the  ore  with  hydrogen  before  the  oxygen 
treatment.  E.  K.  Jenckes  leached  roasted  molybdenite  with  aq.  ammonia;  pre- 
cipitated iron,  copper,  and  calcium  from  the  soln.  ; and  this,  when  crystallized, 
furnished  ammonium  molybdate.  Guggenheim  Bros,  heated  the  ores  in  a gas 
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containing  sulphur— e.g.  sulphur  vapour,  hydrogen  or  carbon  sulphides — so  as  to 
form  a volatile  sulphide.  G.  D.  van  Arsdale  and  co-workers  washed  the  roasted 
ore  with  dil.  sulphuric  acid,  treated  it  with  alkali-lye  to  form  alkali  molybdate, 
and  regenerated  the  alkali-lye  at  the  anode.  F.  L.  Hahn  and  W.  Franke  heated 
the  molybdate  at  250°  to  300°  with  carbon  tetrachloride  under  press.,  and  extracted 
the  product  with  acid. 

F.  Ullik  washed  the  wulfenite  ore  with  dil.  hydrochloride  acid  to  remove  car- 
bonates, phosphates,  oxides,  etc.  ; the  washed  product  was  digested  with  hot,  cone, 
hydrochloric  acid  ; the  soln.  was  concentrated  and  cooled  to  separate  lead  chloride  ; 
and  the  remaining  lead  precipitated  as  lead  sulphate  ; or  else  the  soln.  was  evapo- 
rated to  dryness,  and  the  molybdenum  compound  extracted  with  aq.  ammonia  as 
recommended  by  F.  Wohler.  Basic  lead  chloride  remained.  Ammonium  molybdate 
was  crystallized  from  the  soln. ; or  else  the  soln.  was  evaporated  with  nitric  acid, 
and  the  ammonium  nitrate  removed  from  the  molybdic  acid  by  washing  with  water. 
H.  Debray  purified  the  ammonium  molybdate  by  heating  to  redness  a mixture 
with  an  equal  amount  of  ammonium  chloride,  and  roasting  the  product.  The 
purification  of  molybdenum  salts  is  discussed  in  memoirs  dealing  with  the  at.  wt. 
( q.v .).  C.  Elbers  decomposed  wulfenite  by  heating  it  with  cone,  sulphuric  acid ; 
and  after  evaporation,  the  blue  liquid  was  diluted  with  water.  The  filtrate  from 
the  lead  sulphate  was  mixed  with  nitric  acid  and  evaporated.  Molybdic  acid  separ- 
ated out,  and  this  was  washed  with  water  acidulated  with  nitric  acid.  The  filtrate 
was  again  diluted  and  treated  with  nitric  acid  to  recover  more  molybdic  acid. 
W.  Delffs,  and  A.  Rodland  decomposed  the  mineral  with  nitric  acid,  but  C.  Elbers, 
and  A.  von  Wich  did  not  recommend  the  process. 

L.  A.  Buchner  and  F.  Mahla  heated  a mixture  of  wulfenite  and  carbon  in  a current 
of  chlorine,  and  extracted  the  molybdenum  chloride  with  alcohol.  P.  Nicolardot 
opened  up  the  wulfenite  by  fusion  with  potassium  hydrosulphate  ; extracted  the 
cold  mass  with  water ; evaporated  the  soln.  to  dryness  ; and  heated  the  product 
with  carbon  and  sulphur  to  form  molybdenum  disulphide.  F.  Wohler  heated  a 
mixture  of  wulfenite,  carbonized  sodium  tartrate,  and  sulphur ; dissolved  the 
sodium  sulphomolybdate  in  water,  and  on  treating  the  soln.  w'ith  sulphuric  acid, 
molybdenum  trisulphide  was  precipitated.  This  was  washed,  dried,  and  heated 
out  of  contact  with  air.  The  resulting  molybdenum  disulphide  was  roasted  for 
molybdenum  trioxide.  G.  E.  Mauritii  obtained  the  sulphomolybdate  by  boiling 
the  mineral  with  potassium  carbonate  and  sulphur  ; F.  Wohler,  with  soda-lye  and 
sulphur ; G.  C.  Wittstein,  with  sodium  polysulphide ; and  W.  Wicke,  with  aq. 
ammonium  sulphide. 

According  to  J.  P.  Bonardi,  when  wulfenite  is  first  concentrated,  the  concentrate 
contains  15  to  20  per  cent,  of  Mo03.  The  vanadinite,  cerussite,  anglesite,  galena, 
pyromorphite  and  mimetite  collect  in  the  concentrate.  The  ore  can  then  be  treated 
with  an  acid  or  an  alkaline  leach,  or  fused  with  something  which  will  reduce  the 
lead  to  the  metallic  form  and  leave  the  molybdenum  in  the  slag.  The  acid  leach 
is  the  least  favourable  process.  The  sodium  sulphide  leach  has  proved  most  satis- 
factory. The  molybdenum  passes  into  soln.  as  sodium  molybdate,  the  lead  and 
precious  metals  collect  in  the  residues.  The  sodium  molybdate  can  then  be  used 
for  the  preparation  of  forromolybdenum , etc.  If  the  concentrate  be  fused  with 
soda-ash,  caustic  soda,  and  coal,  the  lead  is  recovered  as  bullion,  and  the  sodium 
molybdate  can  be  leached  from  the  slag.  The  subject  was  discussed  by  R.  E.  Head 
and  V.  Miller. 

R.  E.  Pearson  and  co-workers  3 proposed  an  electrolytic  process  for  extracting 
the  molybdenum.  The  ore  is  ground  and  mixed  to  a paste  with  sulphuric  acid, 
and  the  mixture  is  replaced  on  a lead  plate  which  forms  the  anode  of  an  electrolytic 
cell  containing  dil.  sulphuric  acid.  On  passing  a current  through  the  cell  the  basic 
impurities,  e.g.  iron,  manganese,  calcium  or  sodium  oxide,  in  the  material  on  the 
anode  pass  into  soln.,  leaving  a residue  of  tungsten  or  molybdenum  oxides.  Alter- 
natively the  anode  may  consist  of  nickel  or  a nickel  alloy,  and  the  electrolyte  of 
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caustic  soda,  whereby  soluble  sodium  tungstate  or  molybdate  is  formed  and  the 
foreign  metals  are  left  as  anode  slime. 

In  working  up  molybdenum  residues  which  collect  in  the  determination  of  phos- 
phates in  the  analysis  of  manures,  steel,  etc.,  the  molybdic  acid  has  to  be  separated 
from  phosphates.  J.  A.  Prescott 4 evaporated  the  soln.  to  dryness  ; dissolved  the 
residue  in  aq.  ammonia  ; and  treated  the  soln.  with  magnesia  mixture  to  precipitate 
the  phosphoric  acid.  The  soln.  was  then  evaporated  to  allow  the  ammonium 
molybdate  to  crystallize,  and  the  mother-liquors  worked  up  with  a subsequent  col- 
lection of  molybdenum  residues.  Processes  were  also  described  by  C.  R.  Fresenius, 
F.  Muck,  0.  Maschke,  H.  Uelsmann,  E.  Reichardt,  A.  Gawalowsky,  A.  Borntrager, 
W.  D.  Brown,  R.  Friedrich,  H.  Kinder,  P.  Rudnik  and  R.  D.  Cooke,  C.  G.  Armstrong, 
H.  Rubricius,  E.  Stamm,  etc.  V.  Lenher  and  M.  P.  Schultz  diluted  the  waste 
molybdate  liquor,  or  treated  it  with  alkali  so  that  the  amount  of  free  nitric  acid 
is  reduced  to  0- 1-0-4  per  cent.  Hydrogen  sulphide  is  then  passed  into  the  soln., 
preferably  warm,  and  the  precipitated  molybdenum  sulphide  is  washed  and  dried, 
after  which  it  may  be  converted  into  the  trioxide  by  roasting.  Again,  ammonium 
phosphomolybdate  is  dissolved  in  sufficient  aq.  sodium  hydroxide  to  make  a soln. 
just  alkaline  to  phenolphthalein  ; the  liquid,  after  filtration  if  necessary,  is  treated 
with  hydrogen  sulphide,  and  the  molybdenum  sulphide  precipitated  by  acidifying 
with  dil.  hydrochloric  acid. 

The  'preparation  of  the  element. — J.  J.  Berzelius,5  F.  Wohler,  C.  F.  Rammelsberg, 
C.  W.  Blake,  J.  H.  Muller,  P.  Sabatier  and  J.  B.  Senderens,  L.  F.  Svanberg  and 
H.  Struve,  and  H.  N.  Warren,  obtained  the  metal  by  heating  molybdenum  trioxide 
to  a high  temp,  in  a current  of  hydrogen.  Since  this  oxide  is  volatile  at  a high  temp, 
as  pointed  out  by  H.  Debray,  and  A.  Rogers  and  F.  H.  Mitchell,  it  is  better  to  work 
at  a lower  temp,  at  first  so  as  to  make  the  less  volatile  lower  oxides,  and  reduce  these 
at  the  higher  temp.  M.  Guichard  said  that  the  reduction  to  the  brown  dioxide  begins 
at  300°,  and  the  dioxide  begins  to  reduce  at  about  500°,  and  is  fairly  rapid  at  600°. 
The  sole  product  of  the  reduction  is  molybdenum — the  incompletely  reduced  portion 
is  a mixture  of  molybdenum  and  its  dioxide.  Finely-divided  molybdenum  is  not 
appreciably  oxidized  by  steam  at  temp,  below  700°.  Consequently,  the  steam  pro- 
duced by  the  action  of  hydrogen  on  the  oxides  of  molybdenum  at  600-700°  has 
no  tendency  to  reverse  the  action,  and  may  be  considered  as  an  inert  gas  ; above 
700°,  however,  it  is  a reagent  and  the  inverse  change  becomes  possible.  When 
molybdenum  and  its  dioxide  are  heated  at  these  temp,  in  a mixture  of  hydrogen 
and  steam,  both  reactions,  oxidation  and  reduction,  occur  simultaneously,  and  the 
state  of  equilibrium  finally  attained  : Mo02-|-2H2^Mo-|-2H20  depends  on  the 
partial  press,  of  the  constituents  of  the  gaseous  mixture.  The  metal  or  its  dioxide 
is  not  affected  at  800°  by  a current  of  the  gaseous  mixture  containing  its  con- 
stituents in  approximately  molecular  proportion ; when  the  proportion  of  steam 
is  larger  than  this,  the  metal  is  almost  wholly  oxidized  to  dioxide,  whilst  excess  of 
hydrogen  brings  about  a complete  reduction  of  the  oxide.  L.  Meyer  and  H.  Haas, 
and  L.  P.  Liechti  and  B.  Kempe  found  that  it  is  difficult  to  remove  all  the  oxygen 
from  the  reduced  metal  by  hydrogen  and  they  said  that  the  last  traces  of  oxygen 
can  be  removed  by  dry  hydrogen  chloride  at  200°,  but  A.  Vandenberghe,  and 
M.  Guichard  showed  that  molybdenum  dioxide  does  not  volatilize  when  heated 
in  hydrogen  chloride.  There  is  a difficulty  in  obtaining  a suitable  vessel  for  the 
reduction,  to  avoid  contaminating  the  molybdenum,  since,  as  was  shown  by  0.  von 
der  Pfordten,  and  by  A.  Vandenberghe,  that  metal  reacts  at  a high  temp,  with  plati- 
num, and  porcelain.  A.  Vandenberghe  found  that  an  old  porcelain  vessel  gave  the 
best  results  since  it  acquired  a protective  film  of  metal  from  previous  reductions. 
E.  W.  Engle  preferred  the  hydrogen  reduction  process  when  the  metal  of  a high 
degree  of  purity  is  required.  The  reduction  of  molybdenum  trioxide  commences 
at  about  300°.  J.  H.  Muller  used  a quartz  vessel.  H.  N.  Warren  used  a tube  of 
compressed  lime  as  container.  Some  impurities  can  be  removed  by  washing  the 
molybdenum  powder  with  hydrofluoric  acid,  hydrochloric  acid,  and  water.  F.  Wohler 
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and  L.  von  Uslar  reduced  molybdenum  chloride  at  a red-heat  by  means  of  hydro- 
gen. 0.  von  der  Pfordten  reduced  molybdenum  sulphide  or  molybdenite  in  the 
same  way— but  A.  Yandenberghe  added  that  the  method  is  useful  only  when  small 
quantities  have  to  be  reduced.  A.  E.  van  Arkel  obtained  molybdenum  by  heating 
a filament  of  the  metal  in  an  atmosphere  of  an  easily  dissociated  volatile  compound. 

Most  of  the  molybdenum  compounds  are  reduced  by  carbon  at  a high  temp., 
and  although  there  is  a tendency  to  form  a carbide,  a metal  of  a high  degree 
of  purity  can  be  so  obtained.  Thus,  P.  J.  Hjelm,  C.  F.  Bucholz,  and  J.  J.  Berzelius 
reduced  molybdenum  trioxide,  or  acid  potassium  molybdates  by  heating  a white-hot 
admixture  with  carbon  in  a carbon  crucible  ; and  H.  Debray  added  that  the  product 
contains  4 to  5 per  cent,  of  carbon  which  makes  the  metal  more  fusible  than  if  it 
were  pure.  E.  D.  Clarke  obtained  molybdenum  by  reducing  it  in  the  oxyhydrogen 
blowpipe  flame.  A.  Sternberg  and  A.  Deutsch  reduced  alkaline  earth  molybdates 
by  heating  them  with  carbon  at  1000°  to  1400°  ; carbon  monoxide  is  evolved, 
and  the  alkaline  earth  oxide  can  be  removed  from  the  product  by  hydrochloric 
acid.  According  to  A.  Vandenberghe,  with  calcium  molybdate,  the  product  con- 
tained 3 per  cent,  of  carbon.  If  alkali  molybdates  are  used,  the  alkali  metal  is  also 
formed.  H.  Moissan  prepared  molybdenum  as  follows : Molybdenum  dioxide, 
prepared  by  strongly  heating  ammonium  molybdate,  is  mixed  with  one-tenth  of 
its  wt.  of  sugar  carbon,  and  heated  for  about  six  min.  in  a carbon  crucible  in  an  arc 
produced  by  a current  of  800  amperes  and  60  volts.  With  the  proportions  given, 
the  molybdenum  oxide  is  in  excess,  and  if  the  action  of  the  arc  is  stopped  before 
the  outer  portions  of  the  mixture  in  contact  with  the  crucible  have  had  time  to  fuse, 
molybdenum  is  obtained  quite  free  from  carbon,  and  containing  only  from  0-1  to 
0-2  per  cent,  of  slag  as  an  impurity.  If,  however,  the  action  of  the  arc  is  prolonged 
until  the  whole  mixture  fuses,  the  crucible  is  attacked,  and,  on  cooling,  a hard, 
brittle  ingot  of  carboniferous  molybdenum  is  obtained.  A.  Vandenberghe  found 
0-28  per  cent,  of  carbon  in  the  molybdenum  obtained  under  the  former  conditions. 
The  Ampere  Gesellschaft  obtained  molybdenum  by  melting  a mixture  of  calcium 
molybdate,  molybdenite,  and  carbon.  M.  Guichard  reduced  molybdenite  by 
H.  Moissan’s  process ; and  C.  Lehmer,  by  electrolytically  heating  a mixture  of 
molybdenite  with  carbon  and  calcium  oxide  : MoS2 + 2CaO -f  2C = Mo -f- 2CaS +200. 
0.  W.  Brown  reduced  molybdenite  by  carbon  and  calcium  oxide  in  an  electrically 
heated  furnace  : MoS2-f-2C+ 2CaO=Mo+ 2CaS+2CO.  J.  N.  Pring  and  W.  Fielding 
reduced  molybdenum  tetra-  and  penta-chlorides  by  carbon  at  a temp,  below  1300°  ; 
above  that  temp.,  carbide  was  formed.  J.  E.  Loughlin  obtained  a small  yield  of 
molybdenum  by  heating  for  12  hrs.  at  a white-heat  a mixture  of  molybdenum 
trioxide  with  1J  times  its  wt.  of  potassium,  cyanide  in  a luted  porcelain  crucible 
contained  in  a larger  crucible  with  the  intermediate  space  packed  with  animal 
charcoal. 

W.  Muthmann  and  co-workers  obtained  the  metal  by  melting  in  an  electric  furnace 
at  a high  temp,  a mixture  of  molybdenite,  calcium  oxide,  in  the  molar  proportions 
3 : 4 along  with  calcium  fluoride  as  a flux.  A.  B.  du  Jassonneix  reduced  molybdenum 
oxide  with  boron  in  a magnesia  crucible  in  an  electric  furnace  ; and  B.  Neumann 
heated  electrically  a bath  of  alumina  and  lime  to  which  was  added  molybdenum 
trioxide  and  silicon.  The  product  contained  about  2 per  cent,  of  silicon  and  a little 
carbon.  L.  Kahlenberg  and  W.  J.  Trautmann  studied  the  reduction  of  the  trioxide 
and  of  molybdates  by  silicon.  A.  Burger,  H.  Kuzel  and  E.  Wedekind,  and  E.  Wede- 
kind and  0.  Jochem  found  that  molybdenum  trioxide  in  an  iron  boat  in  vacuo  is 
reduced  by  the  vapour  of  calcium — the  product  obtained  by  the  reduction  of  the 
oxide  with  calcium,  contained  2 to  3 per  cent,  of  calcium  ;•  with  zinc  as  reducing 
agent,  a little  iron  is  usually  present.  E.  Wedekind  and  0.  Jochem  found  that  the 
metal  is  produced  in  a powdered  form.  W.  Prandtl  and  B.  Bleyer  used  a 
mixture  of  calcium  and  aluminium  : and  0.  P.  Watts  and  J.  M.  Breckenridge,  an 
alloy  of  calcium,  magnesium,  and  aluminium.  A.  Stavenhagen  and  co-workers, 
H.  J.  Braun,  J.  J.  Boericke,  H.  Biltz  and  R.  Gartner,  and  H.  Lohmann  found  that 
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the  aluminium  thermite  process  can  be  used  for  the  reduction  of  molybdenum  oxide. 
The  most  common  method  for  preparing  molybdenum  commercially  is  to  reduce 
molybdenum  concentrate  or  molybdenite  with  finely-divided  aluminium.  The 
metal  may  contain  1 to  2 per  cent,  of  iron,  and  a small  proportion  of  silicon. 
A.  Rosenheim  and  H.  J.  Braun  obtained  a good  yield  of  metal,  free  from  air-bubbles, 
by  moderating  the  reaction  by  the  addition  of  a flux  of  50  parts  of  calcium  fluoride 
for  every  100  parts  of  molybdenum  trioxide  and  38  parts  of  aluminium,  and  allowing 
the  metal  to  agglomerate  by  keeping  the  mass  in  a liquid  condition  for  some  time 
after  the  reaction.  W.  Lederer  said  that  owing  to  the  reactivity  of  the  molybdenum , 
the  heating  of  the  metal  should  not  be  prolonged  more  than  is  necessary.  L.  Weiss 
and  0.  Aichel  used  Mischmetal  as  the  reducing  agent  in  place  of  aluminium.  The 
metal  of  a high  degree  of  purity  was  prepared  by  C.  Muller  and  W.  Schubardt,  by 
heating  the  carbonyl. 

In  1803,  J.  G.  Gahn  noticed  the  separation  of  molybdenum  in  the  electrolysis 
of  a soln.  of  ammonium  molybdate- — vide  infra,  molybdenum  trioxide  ; and  in 
1815,  J.  G.  Children  obtained  some  molybdenum  by  the  electro-reduction  of  molyb- 
denum trioxide  ; M.  Junot,  by  the  electrolysis  of  a soln.  of  molybdenum  trioxide, 
in  molten  potassium  cyanide  ; the  Wolfram  Lampen  A.  G.,  by  the  electrolysis  of 
soln.  of  say  molybdenum  hexachloride  in  an  organic  solvent  like  acetone  using  a 
platinum  or  nickel  cathode  ; and  L.  Ott,  by  the  electrolysis  of  molten  molybdates 
mixed  with  molybdenum  trioxide.  H.  Mennicke  discussed  the  commercial  pre- 
paration of  the  metal.  E.  W.  von  Siemens  and  J.  G.  Halske  deposited  molybdenum 
from  a bath  of  fused  salt  as  in  the  case  of  tungsten  (q.v.).  A.  Chilesotti  did  not 
succeed  in  depositing  molybdenum  from  a soln.  of  the  trioxide  in  hydrochloric 
or  sulphuric  acid.  L.  Andrieux  obtained  the  metal  by  the  electrolysis  of  a soln. 
of  the  trioxide  in  a bath  of  borate  and  fluoride.  J.  L.  Merrill  and  A.  S.  Russell  found 
that  mercury  is  the  most  suitable  cathode  for  the  deposition  of  molybdenum,  and  the 
best  current  densities  are  0-6  to  1-0  amp.  per  sq.  cm.,  and  the  best  acidities,  1-2  to 
1-42V-H2S04  ; the  time  required  for  the  deposition  of  a gram  of  molybdenum  from  a 
soln.  of  sodium  molybdate  is  then  about  50  min.,  and  the  time  is  not  shortened  by  the 
use  of  a rotating  cathode.  J.  Feree,  A.  S.  Russell  and  S.  W.  Rowell,  and  R.  E.  Myers 
also  used  a mercury  cathode.  R.  E.  Pearson  and  E.  N.  Craig  reduced  molybdenum 
oxide  or  hydrated  oxide  by  making  it  into  a paste  with  sulphuric  acid,  and  intro- 
ducing the  mixture  into  a porous  pot  surrounding  a cathode  consisting  of  a bundle 
of  nickel-chromium  alloy  rods.  The  anode  of  the  cell  consists  of  a lead  plate  embedded 
in  a mass  of  scrap  molybdenum  (or  other  easily  oxidizable  material)  contained 
in  a porous  pot.  On  passing  a direct  current  through  the  cell  and  agitating  the 
paste  surrounding  the  cathode,  the  oxide  contained  therein  is  reduced  to  a lower 
oxide  from  which,  by  suitable  washing,  impurities  such  as  iron,  calcium,  and  sodium 
salts  may  be  more  readily  removed  than  from  the  original  trioxide.  At  the  same 
time,  the  waste  metal  surrounding  the  anode  is  oxidized  to  trioxide,  which  is  used 
to  make  further  quantities  of  the  reduced  oxide.  The  latter,  after  washing  and 
drying,  is  reduced  to  a metallic  powder  by  heating  in  a current  of  hydrogen  in 
known  manner.  L.  St.  C.  Broughall  electrolyzed  a soln.  of  a molybdenum  salt 
in  liquid  ammonia  at  a low  temp,  or  under  press.  C.  Lehmer  obtained  ferromolyb- 
denum,  chromomolybdenum,  nickelmolybdenum,  manganomolybdenum,  and  cupro- 
molybdenum  by  electrolytically  heating  a mixture  of  the  respective  metal  oxide 
with  molybdenum  sulphide,  calcium  oxide,  and  carbon.  L.  Andrieux  obtained 
molybdenum  by  the  electrolysis  of  fused  borates.  Electrolytic  processes  for 
the  preparation  of  molybdenum  were  described  by  R.  E.  Pearson  and  E.  N.  Craig. 
The  preparation  of  ferro-molybdenum  at  the  works  of  the  Molybdenite  Co.  at 
Orillia,  Ontario,  Canada,  was  described  by  B.  C.  Larnble  : 

A wrought-iron  jacket,  fitted  to  a cast-iron  base,  is  connected  with  one  terminal  of 
the  electric  supply.  Inside  the  iron  jacket  a cubical  crucible,  with  a tap-hole  in  the  bottom, 
is  built  up  with  carbon  blocks,  the  space  between  the  crucible  and  the  jacket  being  filled 
with  magnesia  bricks.  The  second  electrode  consists  of  a 10-inch  graphite  rod,  held  by 
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a water-cooled  head  over  the  centre  of  the  furnace.  The  power  used  is  4000  amperes  at 
50  volts.  The  smelting  mixture  consists  of  70  per  cent,  molybdenite  concentrate  and 
30  per  cent,  pyrite,  while  coke  is  the  reducing  agent  and  lime  and  silica  are  used  as  fluxes. 
The  ferro  - molybdenum  produced  has  approximately  the  following  composition  : 
Molybdenum,  71-0  ; carbon,  3-66  ; sulphur,  0-08  ; phosphorus,  0-03  ; silica,  T35  ; iron, 
23-8  per  cent.  About  80  per  cent,  of  the  molybdenum  in  the  charge  is  recovered  in  the 
alloy  with  a power  consumption  of  6 to  7 kilowatt-hours  per  lb.  of  alloy.  The  remainder 
of  the  molybdenum  is  recovered  as  dust  or  by  wet  dressing  of  the  slag.  Some  analyses 
were  also  reported  by  A.  W.  Judge. 

E.  K.  Jenckes  discussed  the  preparation  of  oxides  and  salts  of  a high  degree  of 
purity  for  the  purpose  of  preparing  the  metal  for  electric  lamps.  J.  Feree  obtained 
molybdenum  by  distilling  in  vacuo  mercury  from  the  amalgam  obtained  by  the 
electrolysis  of  a hydrochloric  acid  soln.  of  molybdic  acid  using  a mercury  cathode. 
The  Badische  Anilin-  und  Sodafabrik  obtained  the  metal  by  heating  the  nitride  in 
vacuo.  The  nitride  was  obtained  by  heating  molybdenum  oxide,  or  a mixture  of 
the  oxide  and  the  metal  at  500°  to  600°,  in  an  atm.  of  a mixture  of  equal  parts  of 
hydrogen  and  nitrogen  at  60  atm.  press. 

The  heated  metal  is  very  reactive  and  is  very  susceptible  to  contamination 
from  the  containing  vessel,  the  reducing  agent,  the  furnace  gases,  and,  in  the  electro- 
lytic process,  from  the  material  of  the  electrodes.  W.  Lederer,  and  K.  Wolf  dis- 
cussed the  purification  of  small  quantities  of  the  metal  containing,  say,  3 per  cent, 
of  iron,  aluminium,  silicon,  carbon,  and  oxygen.  The  metal  is  pressed  into  a pencil 
which  is  then  heated  electrically  in  hydrogen.  The  pencil  is  then  used  as  an  electrode 
in  a vacuum  furnace — cf.  8.  31,  4,  Fig.  1. 

According  to  C.  G.  Fink,6  ductile  molybdenum  can  be  prepared  by  methods 
analogous  to  those  used  for  ductile  tungsten,  and  discussed  by  O.  Ruff,  N.  L.  Muller, 
and  W.  D.  Coolidge.  P.  Schwarzkopf  and  S.  Burgstaller  pressed  rods  from  the 
powdered  oxide,  and  heated  them  to  1100°-1150°  in  a current  of  hydrogen,  and 
then  heated  them  electrically  to  2600°-2700°  in  a current  of  hydrogen.  The 
resulting  rods  of  molybdenum  are  ductile  and  can  be  bent  into  rings  at  a red-heat. 
According  to  0.  Ruff,  the  ductile  metal  is  prepared  as  follows  : 

Molybdenum  trioxide  is  purified  by  reduction  at  1000°  in  a current  of  hydrogen  and 
steam  to  the  dioxide,  which  is  then  heated  in  chlorine,  the  oxychloride  being  sublimed  and 
transferred  to  hydrochloric  acid,  when  pure  molybdenum  trioxide  is  precipitated.  The 
precipitate  is  washed,  dried,  and  ignited  at  1200°,  when  considerable  shrinkage  takes 
place.  The  finely-powdered  product  is  then  reduced  in  hydrogen  at  1250°,  nickel  boats 
being  used  in  a porcelain  tube.  The  crystalline  metal  is  compressed  into  the  form  of  rods 
under  about  5000  atm.  press.,  and  the  brittle  rods  are  rendered  stronger  by  heating  in 
hydrogen  at  1300°.  The  presence  of  0-05  per  cent,  of  carbon  is  favourable.  The  final 
sintering  takes  place  by  electrical  heating  at  a temp,  of  2620°-2650°.  The  molybdenum 
contracts  by  about  14  per  cent.  The  sintered  rods  are  still  quite  brittle,  and  have  to  be 
rendered  malleable  and  ductile  by  hammering  at  1250°  in  an  atm.  of  hydrogen,  A special 
apparatus  for  the  hammering  is  described.  The  hammered  rods  are  then  drawn  at  400°-600° 
to  the  required  size  through  diamond  dies.  The  thin  wires  finally  obtained  are  perfectly 
flexible,  and  may  be  drawn  cold.  The  worked  metal  is  silver-white,  and  does  not  oxidize 
appreciably  below  a red-heat. 

J.  Feree  7 found  that  the  metal  prepared  by  distilling  the  amalgam  in  vacuo  is 
pyrophoric.  A suitable  reducing  agent  for  the  preparation  of  colloidal  molybdenum 
from  its  salts  has  not  been  obtained.  T.  Svedberg  obtained  it  by  the  electrical 
dispersion  process — vide  gold — -as  an  isobutylalcosol  which  is  brownish-black  by 
transmitted  light,  and  black  by  reflected  light.  H.  Kiizel  obtained  the  colloidal 
metal  by  grinding  or  by  cathodic  disintegration— vide  chromium.  E.  Wedekind 
and  co-workers  found  that  if  powdered  molybdenum,  obtained  by  reducing  the  di- 
or  tri-oxide  by  heating  it  with  zinc,  be  washed  in  the  absence  of  air  successively 
with  warm  alcohol  and  warm  water,  then  treated  with  dil.  hydrochloric  acid,  and 
successive  quantities  of  water  added  to  it  on  a filter,  an  acid  soln.  first  passes  through, 
but  later,  a neutral  colloidal  soln.  of  the  metal  is  obtained.  When  the  precipitated 
metal  no  longer  yields  a colloid  on  washing,  this  property  can  be  re-imparted 
to  it  by  renewed  treatment  with  acid.  The  particles-  of  the  resulting  hydrosol, 
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which  keeps  well  if  air  is  excluded,  are  negatively  charged.  They  are  immediately 
coagulated  by  alkaline  electrolytes  and  more  slowly  by  neutral  electrolytes,  but  are 
comparatively  resistant  to  hydrogen  ions.  L.  Hamburger  studied  the  properties 
of  thin  films. 
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§ 4.  The  Physical  Properties  of  Molybdenum 

The  early  preparations  of  molybdenum  were  very  impure,  and  the  description 
of  the  physical  properties  of  these  samples  do  not  always  accord  with  later  observa- 
tions. J.  J.  Berzelius  1 described  it  as  a greyish-white  metal ; C.  F.  Bucholz  said 
that  it  is  silvery  white  ; and  L.  Weiss  and  0.  Aichel,  that  it  is  silvery  white  with  a 
crystalline  fracture.  The  hammered  and  drawn  metal  is  fibrous.  A.  W.  Hull 
found  that  the  X-radiogram  of  molybdenum  corresponds  with  a body-centred  cubic 
lattice  with  sides  3-143  A.  T.  Fujiwara,  E.  C.  Bain,  E.  Schmid,  A.  E.  van  Arkel, 
P.  Stoll,  W.  P.  Davey,  W.  Hume-Rothery,  and  K.  Weissenberg  made  observations 
on  this  subject.  J.  Hengstenberg  and  H.  Mark  studied  the  effect  of  mechanical 
work  on  the  X-radiogram  ; and  S.  T.  Konobejevsky,  and  M.  Ettisch  and  co-workers, 
the  structure  of  hard-drawn  wires.  They  found  that  the  crystallites  are  regularly 
arranged,  whereas  in  soft  wires  the  crystallites  are  irregularly  arranged.  Z.  Jeffries 
and  R.  S.  Archer  gave  900°  for  the  lowest  temp,  of  recrystallization.  T.  Fujiwara 
found  that  the  arrangement  of  the  fibrous  structure  of  a hard-drawn  molybdenum 
wire  with  respect  to  the  axis  of  the  wire  is  retained  after  bending. 

For  the  powdered  metal  the  older  workers  found  values  approximating  8-6  for 
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the  specific  gravity — P.  J.  Hjelm  gave  7-75  for  the  sp.  gr. ; H.  Debray,  8-6  ; 
C.  E.  Bucholz,  8-62  , and  J.  E.  Loughlin,  8-56.  Later  observers  found  for  the 
massive  metal  values  approximating  10  ; thus,  H.  Moissan,  and  A.  B.  du  Jassonneix 
observed  9-01  ; K.  Wolf,  8-95  at  17°/4°  (impure)  ; T.  Barratt  and  R.  M.  Winter, 
9-933  ; W.  Lederer,  10-2  at  17-5/4°  ; and  C.  G.  Fink  gave  10-02  for  the  hammered 
but  not  drawn  metal ; 10-04  for  the  metal  drawn  to  a diameter  of  3-75  mm.  ; 10-29, 
when  drawn  to  a diameter  of  0-25  mm.  ; and  10-32,  when  drawn  to  a diameter  of 
0-038  mm.  E.  Donath  and  J.  Mayrhofer  gave  11-5  for  the  at.  vol.  ; and  W.  Lederer, 
9-4.  M.  L.  Huggins  gave  1-54  A.  for  the  ionic  radius;  L.  Yegard,  1-03  A.  ; and 
H.  G.  Grimm,  0-72  A.  The  subject  was  studied  by  J.  C.  Slater,  A.  M.  Berkenheim, 
V.  M.  Goldschmidt,  L.  Pauling,  and  E.  T.  Wherry.  The  results  show  that  for 
sexivalent  molybdenum  atoms,  the  effective  at.  radius  is  0-62  A.,  for  quadrivalent 
atoms,  0-66  to  0-83  A.,  and  for  typical  molybdenum  atoms,  1-36  A.  I.  Traube 
investigated  the  at.  soln.  vol. ; and  P.  Vinassa,  the  mol.  number. 

J.  J.  Berzelius  said  that  the  metal  is  harder  than  topaz  ; H.  Moissan,  and  A.  B.  du 
Jassonneix,  that  it  does  not  scratch  glass  or  quartz  ; and  J.  R.  Rydberg  gave  8-5  for 
the  hardness  on  Mohs’  scale.  E.  W.  Engle  gave  147  for  the  hardness  of  molybdenum 
on  Brinell's  scale.  According  to  H.  Moissan,  A.  B.  du  Jassonneix,  and  F.  Wohler, 
molybdenum  can  be  filed,  and,  when  hot,  it  can  be  forged — -hammered  and  rolled. 
C.  G.  Fink  found  the  tensile  strength  of  wires  0-125  mm.  diameter  to  be  140  to  180 


Fig.  2. — Tensile  Strength 
of  Molybdenum. 


Fig.  3.— Elongation  of 
Molybdenum. 


Fig.  4. — Reduction  of 
Area  of  Molybdenum. 


kgrms.  per  sq.  mm.  ; wires  0-07  mm.  diameter,  161  to  189  kgrms.  per  sq.  mm.  ; and 
wires  0-038  mm.,  189  to  217  kgrms.  per  sq.  mm.  W.  P.  Sykes  measured  the  tensile 
strength  of  molybdenum  wires  after  different  heat  treatments.  No.  1 was  swaged 
and  drawn  hot  (1000°-1300°)  from  a diameter  of  0-125  to  0-025  in. ; No.  2 was 
similarly  treated  at  800°  ; No.  3 was  swaged  and  drawn  hot  (1000°-1300°)  from 
0-045  to  0-025  in.  ; No.  4 was  similarly  treated  at  800°  ; No.  5 was  annealed  to  give 
medium  grain  size  ; No.  6 was  annealed  to  give  small  grain  size  ; and  No.  7,  annealed 
to  give  large  grain  size.  The  tensile  strengths  in  lbs.  per  sq.  in.  are  shown  in  Fig.  2 ; 
the  percentage  elongation  per  2 in.,  in  Fig.  3 ; and  the  percentage  reduction  in  area, 
in  Fig.  4.  These  observations  were  discussed  by  Z.  Jeffries  and  R.  S.  Archer. 
P.  Ludwik  studied  the  effect  of  temp.  T.  Fujiwara  found  that  the  tensile  strength 
of  molybdenum  is  20  per  cent,  greater  when  the  tension  is  applied  in  a direction 
parallel  to  that  of  rolling  than  it  is  when  the  tension  is  applied  at  an  angle  of  45° 
or  90°  to  the  direction  of  rolling  : 

Direction  of  rolling  0°  22-5°  45°  67-5°  90° 

Tensile  strength  113-9  101-2  94-8  * 97-0  92-8  kgrms.  per  sq.  mm. 

J.  Konigsberger  gave  250  to  270  kgrms.  per  sq.  mm.  for  the  tensile  strength  of 
molybdenum  wires,  and  125  kgrms.  per  sq.  mm.  for  single  crystal  wires.  The 
torsion  modulus  was  found  to  be  13-5  X 1011  to  15  X 1011  C.G.S.  units ; and  for 
single  crystal  wires,  18xlOu  C.G.S.  units.  A.  L.  Kimball  and  D.  E.  Lovell  found 
the  elastic  modulus,  E,  of  swaged  molybdenum  to  be  34-6  X 1011  dynes  per  sq.  cm. 


MOLYBDENUM 


501 


They  also  measured  the  internal  friction.  W.  Widder  gave  E=E2o{1—' 0-0004032- 
(0—20)}.  E.  Edwards  and  co-workers  examined  the  increase  in  torsional  stiffness 
produced  by  increasing  the  tension  of  molybdenum  wires.  G.  Grube  and  F.  Lieber- 
wirth,  and  J.  Laissus  studied  the  diffusion  of  molybdenum  into  iron.  According  to 
T.  W.  Richards  and  E.  P.  Bartlett,  the  compressibility  is  0-47  x 10“6  at  20°  for  one 
megabar  at  20°,  at  press,  between  100  and  500  megabars.  P.  W.  Bridgman  found 
the  compressibility,  jS,  of  swaged  rod  at  30°  to  be  8v/v—  — 10_7(3-47— l-2p)p,  and 
at  75°,  — 10— 7(3-48— l-2p)p  ; and  for  drawn  wire  at  30°,  8v/v—  — 10  7(3-61  — l-0p)p, 
and  at  75°,— 10“ 7(3-62 — 1-0 p)p,  for  p kgrms.  per  sq.  cm.  with  p between  1 and  12,000. 
For  drawn  wire  and  swaged  rod  respectively  at  30°,  )9=0-06361  and  0-06347 ; 
8f3/P&p= 0-0558  and  0-0572  ; — Sa/a8p= 0-052  and  0-052  ; and  j30— l(8a/a8p)=5-54 
and  5-76,  where  a denotes  the  coeff.  of  thermal  expansion.  L.  H.  Adams  gave 
8/3=  — 0-02.  P.  W.  Bridgman  studied  the  effect  of  pressure  on  the  rigidity. 

C.  G.  Fink  found  a=0-0536  for  the  coeff.  of  thermal  expansion  between  20° 
and  100°,  and  B.  Beckman,  a— 0-0556.  The  thermal  expansion  of  an  exceptionally 
pure  sample  of  molybdenum  was  found  by  L.  W.  Schad  and  P.  Hidnert  to  be  repre- 
sented by  the  expression:  Length  at  0°,  +5-150 X 1O_6+O-OO57O02X1O-6) 

for  0°  between  — 142°  and  19°;  and  between  19°  and  305°,  length  at  0°  is 
l =^o(l  +5-010  x 10  _6+O-OO13802  x 10~6)  with  a probable  error  less  than  3 X 10~6  per 
unit  length.  P.  Hidnert  and  W.  B.  Cero  gave  for  the  mean  coeff.  of  linear  expansion, 
a=0-0549  between  25°  and  100°  ; and  0-0655  between  25°  and  500°.  If  l0  denotes 
the  length  at  300°  K.,  and  l,  the  length  at  T°  K.,  W.  Widder  gave0-05549  at  20°  and 
0-05416  at  190°  for  the  coeff.  of  thermal  expansion.  A.  G.  Worthing  represented 
the  measurements  by  l/l2-0-02500(T — 300)+0-08105(T— 300)2.  C.  Zwikker  found 
for  the  linear  expansion  l/l0,  1-00623  at  1440°  ; 1-00760  at  1648°  ; 1-00920  at  1855°  ; 
and  1-0111  at  2059°.  According  to  E.  Podszus,  wires  of  molybdenum  or  of 
molybdenum-tungsten  alloy  may  be  sealed  gas-tight  into  vitreous  quartz  by  the  aid 
of  the  flux  : silica  10,  alumina  1,  boric  oxide  1,  and  orthoclase  2.  J.  Disch  gave 
for  the  expansion  of  molybdenum  wires  in  mm.  per  litre  between  0°  and  0°  : 

-190°  -78°  000°  100°  200°  300°  400° 

Expansion  . -0-79  —0-375  0-00  0-52  1-07  1-64  2-24  mm. 

T.  Barratt  and  R.  M.  Winter  gave  for  the  thermal  conductivity  of  molybdenum 
0-346  cal.  per  sec.  per  degree  at  17°,  and  0-333  cal.  at  100°.  C.  Zwikker  gave  for 
the  thermal  conductivity  k in  watts  per  cm.  per  degree : 

1234°  1440“  1648°  1855“  2059“  2259“  2460“ 

k . . 0-98  1 00  1 02  1-05  1-11  1-17  1-24 

J.  Dewar  gave  0-0141  for  the  specific  heat  between  —253°  and  —196°,  and  1-35 
for  the  atomic  heat ; P.  Nordmeyer  obtained  too  high  a value  0-062  between 
—188°  and  20°,  for  T.  W.  Richards  and  F.  G.  Jackson  obtained  0-0555  for  the  sp.  ht. 
and  5-33  for  the  at.  ht. ; A.  de  la  Rive  and  F.  Marcet  obtained  respectively  0-0659, 
and  6-33  between  5°  and  15°  ; H.  V.  Regnault,  respectively  0-0722  and  6-93  between 
0°  and  100°  ; W.  Lederer  obtained  the  unlikely  value  0-0461  between  17°  and  100°  ; 
whilst  for  a metal  with  only  0-22  per  cent,  impurity,  E.  Defacqz  and  M.  Guichard 
obtained  respectively  0-0723  and  6-94  between  15°  and  91° ; 0-0735  and  7-06 
between  15°  and  264° ; and  0-0740  and  7-10  between  15°  and  440° ; N.  Stiicker, 
0-0647  and  6-21  between  20°  and  100°,  and  0-0722  and  6-93  between  20°  and  550°  ; 
and  P.  Nordmeyer  and  A.  L.  Bernoulli,  0-063  between  0°  and  — 185°  ; N.  Stiicker 
gave  for  the  true  sp.  ht. 

60“  125“  225°.  325°  425“  525“ 

c . . 0-06468  0-07076  0-06912  0-06967  0-08206  0-0812.1 

c=0-0708 —0-000052(0 — 125)  +O-O64(0 — 125)2,  between  125°  and  225°;  c=0-0707 


—0-000027(0— 125) +O-O61(0—125)2, 

between 

125° 

and 

325°; 

c=0-0697 

—0-000113(0— 325)+O-O6l(0— 325)2, 

between 

325° 

and 

425°; 

c=0-0697 

+0-000190(0— 325)— O-O67(0  — 325)2, 

between 

325° 

and 

525; 

c =0-0708 
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—0-000037 (0—1 25)  ° — O-O63(0 —125),  between  125°  and  525°;  and  c=0-0647 
+0-000094(0  — 60),  between  60°  and  125°.  T.  E.  Stern  gave  c=0-06054  between 
0°  and  108°;  0-06333  between  0°  and  441-5°;  and  CP=O-O5973+O-OOOO16190,  at 
temp.  0 between  0°  and  441-5°.  D.  Cooper  and  G.  0.  Langstroth  gave  : 

—40°  0°  25°  50°  ■ 100°  150°  200°  250° 

Sp.  lit.  . 0-0564  0-0589  0-0597  0-0609  0-0612  0-0616  0-0624  0-0632 

and  the  results  are  plotted  in  Fig.  5 ; the  at.  ht.  was  represented  by  6^=0-0593 
+O-O413(0+4O) — 0-0265(0+40) -1'06.  F.  Wiist  and  co-workers  found  Cp—Q-1 1 
at  100°,  and  7-80  at  900°.  H.  A.  Jones  gave  c— 0-0578+0-0000257T  ; and  C.  C.  van 
Yoorhis,  c=0-0606 +0-000028T.  F.  Simon  and  W.  Zeidler  gave  CP=D(M9T-1) 
+0-042632^ ; and  for  Cv  between  16°  K.  and  24°  K.,  C,.=0-0785T3 ; they  also 
gave  the  following  values  for  at.  ht.  of  molybdenum  : 

T°  K.  . 15-97°  20-66°  31-52°  56-0°  105-6°  144-6°  200-2°  274-7° 

Cr  . 0-040  0-073  0-264  1-230  3-380  4-38  5-09  5-53 

Cv  • 0-040  0-073  0-264  1-230  3-374  4-37  5-06  5-49 

H.  A.  Jones  and  co-workers  gave  Cp=4-88+0-00248T.  J.  Maydel  discussed  some 
relations  of  the  sp.  ht. ; and  E.  D.  Eastman  and  co-workers,  the  thermal  energy  of 

the  electrons  in  molybdenum,  and  computed 
Cv— Cv= 0-047  Cal.  per  degree  per  mol. 

R.  C.  Smith  gave  800°  for  the  sintering  temp,  of 
molybdenum  filings.  According  to  H.  von  Warten- 
berg,  the  melting  point  of  pure  molybdenum  is 
2550°  when  that  of  platinum  is  1745°.  C.  W.  Waid- 
ner  and  G.  K.  Burgess,  and  W.  R.  Mott  gave 
2500° ; M.  Pirani,  2450° ; M.  von  Pirani  and 
A.  R.  Meyer,  2450° ; A.  G.  Worthing,  2622°+ 10° ; E.  Siedschlag,  2530° ; and  M.  von 
Pirani  and  H.  Alterthum,  2840° +40°.  For  a commercial  sample,  0.  Ruff  and 
O.  Goecke  gave  2110°.  H.  Moissan  distilled  the  metal  in  an  electric  arc  furnace ; and 
W.  R.  Mott  estimated  the  boiling  point  of  the  metal  to  be  4700°  ; I.  Langmuir  calcu- 
lated 3617°.  C.  Zwikker  gave  4780°  K.  for  the  sublimation  temp,  at  1 atm.  press. 

I.  Langmuir  measured  the  rate  of  evaporation  from  hot  filaments,  and  W.  H.  Rode- 
bush  observed  the  value  of  A in  the  equation  for  the  number  of  electrons  evaporating 
from  a metal  filament,  n=AT~ie~l’lT  per  sq.  cm.  per  second,  to  be  l-32xl02fi  ; 
the  calculated  result  at  2000°  K.  is  5-50  XlO26.  I.  Langmuir  represented  the 
rate  of  evaporation  m grms.  per  sq.  cm.  per  sec.  to  be  log  m=17-ll  — 3860071-1 
— 1-76  log  T,  or 

T°  K.  . . 1994°  2040°  2121°  2287°  2326°  2373° 

m x 106  . . 0-00766  0-0305  0-124  1-74  3-65  8-47 

and  C.  Zwikker,  log  m= — 33800T~1+8-24  grms.  per  sq.  cm.  per  sec.  The  subject 
was  discussed  by  F.  J.  Wilkins,  and  H.  A.  Jones  and  co-workers.  For  the  vapour 
pressure,  p mm.,  I.  Langmuir  gave  log  p=17-354— 38600T-1  — 1-26  log  T,  or 

T°  K.  . . 1800°  2000°  2500°  2800°  3890° 

p . . . 6-43  xl0-»  789xl0-»  43-0xl0-»  1679  x 10-9  760 

C.  Zwikker  gave  log  p=338007,—1+10-16  mm.;  and  J.  A.  M.  van  Liempt,  log  p 
= — 37710T_1+9-90,  and  43-53  to  44-96  for  Trouton’s  constant.  W.  Herz 
estimated  that  the  heat  of  fusion  lies  between  1000  and  5000  cals.  1.  Langmuir 
gave  for  the  latent  heat  of  vaporization  177,000— 2-5T  ; and  for  the  chemical 
constant,  4-4.  W.  Zeidler  gave  170,400  cals,  for  the  heat  of  vaporization,  and  4-07 
for  the  chemical  constant.  G.  N.  Lewis  and  co-workers,  and  E.  D.  Eastman  gave 
7-5  for  the  at.  entropy  of  molybdenum  at  25°  ; W.  Herz,  12-66  ; R.  C.  Tolman, 
56-4  at  25°  ; and  B.  Bruzs,  23  0 at  the  m.p.  R.  D.  Kleeman  discussed  the  internal 
energy  of  molybdenum  ; and  W.  Herz,  the  entropy.  M.  Dele-pine  gave  for  the  heat 


^ 0-065 
^ 0 -055 
^ 0-015. 


-10  0 10  80  120  160200210  280 


Fig.  5.— The  Effect  of  Tem- 
perature on  the  Specific 
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of  oxidation,  Mo4-30=Mo03+166-14  Cals,  at  constant  vol.,  and  167  Cals,  at 
constant  press.  W.  Lederer  gave  168-576  Cals.  ; J.  E.  Moose  and  S.  W.  Parr,  1829 
Cals,  per  gram  ; and  W.  G.  Mixter,  181-5  Cals,  for  the  oxidation  of  the  metal  by 
sodium  dioxide. 

W.  W.  Coblentz  2 observed  the  percentage  reflecting  power,  R,  for  light  of  wave- 
length A to  be  : 

A . 0-40  0-7  1-0  1-4  20  4-0  60  1-0  1-2 

H . 440  49-8  68-2  69-0  81-6  90-6  93-0  94-5  95-2 

G.  Jaffe  calculated  theoretical  values  for  these  constants.  W.  W.  Coblentz  said  that 
the  reflectivity  curves  of  molybdenum  and  tungsten  are  so  nearly  alike  that  from  a 
consideration  of  their  emissivities  and  luminous  efficiencies  there  seems  to  be 
no  great  choice  in  the  use  of  these  two*  metals  in  incandescent  lamps.  On  the 
other  hand,  from  a consideration  of  their  physical  properties,  the  molybdenum 
filament  would  be  preferable  because  of  its  toughness  and  its  ductibility,  in 
contrast  with  tungsten  which  is  very  brittle.  Their  m.p.  are  high,  and  it  is  princi- 
pally a question  of  overcoming  certain  physical  weaknesses  in  the  molybdenum  in 
order  to  make  it  practical.  A.  G.  Worthing  gave  for  the  spectral  emissivity,  e,  of 
molybdenum  for  wave-lengths  0-665 fx  and  0-475 /x,  from  273°  K.  to  the  m.p.,  2895° 
K.  ; for  the  average  visible  emissivity,  ev ; the  colour  emissivity,  ec ; and  the  total 
emissivity,  et. 


T°  K. 

273° 

400° 

800° 

1200° 

1600° 

2000° 

2400° 

2895° 

( 0-665/2. 

0-420 

0-415 

0-398 

0-390 

0-367 

0-353 

0-341 

0-328 

\ 0-475 n- 

0-425 

0-421 

0-409 

0-403 

0-388 

0-279 

0-371 

0-363 

ev  . 

— 

— 

— 

0-393 

0-373 

0-362 

0-352 

0-342 

ec  . 

— 

— 

— 

0-361 

0-321 

0-297 

0-277 

0-255 

et  . 

— 

— 

— • 

0-096 

0-168 

0-210 

0-248 

0-290 

values  for  the  s 

pectral  emissivity  at  room 

temp,  for  0-665 fx,  and 

0-475 fi,  are 

respectively  0-580  and  0-576.  The  subject  was  studied  by  C.  Zwikker,  C.  Davisson 
and  L.  H.  Germer,  R.  L.  Petry,  E.  Patai,  and  S.  Dushman  and  co-workers— vide 
tungsten.  A.  G.  Worthing  found  for  the  brightness  temp.,  Tb  for  wave-lengths 


0-665 /x ; 

the  colour  temp., 

Tc ; and  the  radiation  temp.,  T, 

1 • 

T°  K. 

, . . 1000° 

1400° 

1800° 

2200° 

2600° 

2895° 

Tb 

958° 

1316° 

1658° 

1986° 

2297° 

2519’ 

Tc 

. 1004° 

1411° 

1823° 

2244° 

2672° 

2997° 

Tv 

557° 

864° 

1187° 

1523° 

1866° 

2122° 

The  normal  brightness,  B candles  per  sq. 

cm. ; 

the  radiation  intensity,  ri  watts 

sq.  cm. ; 

and  the  luminous  efficiency  in  lumens  per  watt,  are  : 

T°  K 

. . . 1000° 

1400° 

1800° 

2200° 

2600° 

2895° 

B 

. 0-00010 

0-089 

4-13 

48-5 

270 

730 

V 

. 0-55 

3-18 

11-3 

30-7 

69-5 

116 

Efficiency  . — 

0-093 

1-22 

5-28 

13-0 

— 

E.  S.  Lamar  and  W.  E.  Deming  studied  the  distribution  of  temp,  in  a heated 
filament.  S.  C.  Roy,  M.  J.  Martin,  and  A.  T.  Watermann  studied  the  variation  of  the 
thermionic  emission  with  temp. ; A.  W.  Hull  and  J.  M.  Hyatt,  J.  M.  Hyatt  and 
H.  A.  Smith,  E.  Meyer,  and  H.  B.  Wahlin,  the  secondary  emission  of  electrons  ; 
W.  J.  Jackson,  the  emission  of  electrons  by  bombardment  with  positive  ions ; 
R.  L.  Petry,  the  critical  potential  for  the  emission  of  secondary  electrons  ; E.  Meyer 
and  L.  P.  Smith,  the  emission  of  positive  ions ; T.  Soller,  and  L.  J.  Haworth,  the 
velocity  of  the  secondary  electrons  ; H.  R.  Kiehl  and  co-workers,  W.  R.  Ham  and 
M.  W.  White,  the  emission  of  electrons  from  a molybdenum  target ; and  the  radia- 
tion, by  A.  L.  Helfgott ; the  reflection  of  electrons  from  molybdenum  was  studied 
by  W.  R.  Ham  ; the  diffraction  of  electrons,  by  E.  Rupp  ; the  liberation  of  electrons 
by  positive  ions,  by  M.  L.  E.  Oliphant ; and  the  heat  of  condensation  of  electrons 
and  positive  ions  on  molybdenum,  by  C.  C.  van  Voorhis  and  K.  T.  Compton.  The 
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cold  electronic  discharge  from  molybdenum  was  investigated  by  R.  J.  Piersol ; the 
heats  of  condensation  of  electrons  and  positive  ions,  by  C.  C.  van  Voorhis  ; the 
photoelectric  effect,  by  H.  Klumb  ; the  electron  theory  of  thermionic  emission,  by 
R.  H.  Fowler ; electronic  collisions,  by  M.  Pirani  and  H.  Schonborn. 

R.  Bunsen,3  G.  Merz,  and  C.  F.  Plattner  discussed  the  flame  reactions  of  molyb- 
denum compounds.  The  colourless  blowpipe  flame  is  coloured  greenish-yellow. 

R.  T.  Simmler  found  that  molybdic  oxide,  in  the  colourless  gas  flame,  gives  a con- 
tinuous flame  spectrum.  W.  N.  Hartley  and  H.  Ramage  studied  the  banded 
spectrum  in  the  oxy-hydrogen  flame.  The  spark  spectrum  was  investigated  by 
W.  A.  Miller,  R.  Thalen,  J.  N.  Lockyer,  E.  Dema^ay,  F.  Exner  and  E.  Haschek, 

M.  Eppley,  C.  Weigand,  M.  A.  Catalan,  E.  0.  Hulburt,  R.  J.  Lang,  H.  Nagaoka  and 
co-workers,  0.  Lohse,.  A.  Hagenbach  and  H.  Konen,  A.  G.  G.  Leonard,  and 
J.  Formanek.  The  principal  lines  are  6030,  5888,  and  5857  in  the  orange-yellow  ; 
5792  and  5751  in  the  yellow ; 5688  in  the  yejlowish -green  ; 5570,  5532,  and  5506 
in  the  green  ; and  4278  in  the  indigo-blue.  E.  0.  Hulburt  studied  the  spectrum  of 
the  condensed  spark  in  soln.  of  the  salts  ; and  E.  J.  Allin  and  H.  J.  C.  Ireton,  the 
under-water  spark-spectrum.  The  arc  spectrum  was  studied  by  B.  Hasselberg, 
F.  Croze,  M.  Eppley,  M.  Puhlmann,  C.  Weigand,  M.  A.  Catalan,  C.  C.  Kiess  and 
W.  F.  Meggers,  and  F.  Exner  and  E.  Haschek ; the  ultra-violet  spectrum,  by 
W.  A.  Miller,  J.  C.  McLennan  and  A.  C.  Lewis,  R.  J.  Lang,  T.  Aden,  and  F.  Exner 
and  E.  Haschek.  According  to  W.  H.  Fulweiler  and  J.  Barnes,  the  light  of  the 
molybdenum  arc,  under  water,  gives  a continuous  spectrum  in  the  ultra-violet.  The 
ultra-red  spectrum  was  studied  by  J.  M.  Eder  and  E.  Yalenta.  The  effect  of 
pressure  was  examined  by  W.  J.  Humphreys  ; and  of  a magnetic  field,  or  the  Zeeman 
effect,  by  R.  Jack,  E.  Wilhelmy,  and  M.  A.  Catalan.  J.  N.  Lockyer  studied  the 
enhanced  lines  ; H.  Geisler,  the  anomalous  dispersion  of  light  in  the  vapour  of 
molybdenum ; and  M.  Kimura  and  G.  Nakamura,  enhanced  lines.  No  series 
spectrum  has  been  observed,  but  E.  Paulson  noted  some  pairs  of  constant  difference 
lines  ; P.  G.  Nutting,  0.  Laporte,  and  M.  A.  Catalan  have  studied  the  structure  of 
the  line  spectrum.  Unlike  J.  E.  Paulson,  M.  Puhlmann  observed  no  lines  in  the  arc 
spectrum  which  exhibit  constant  frequency  differences.  The  subject  was  discussed 
by  M.  A.  Catalan.  C.  C.  Kiess,  W.  F.  Meggers  and  C.  C.  Kiess,  R.  C.  Gibbs  and 
H.  E.  White,  and  C.  C.  Kiess  and  0.  Laporte  studied  the  series  spectrum.  F.  Croze 
studied  the  ultimate  rays  and  resonance  rays  of  molybdenum. 

H.  B.  Dorgels  studied  the  absorption  spectrum  of  the  vapour.  According  to 
J.  Formanek,  although  colourless  aq.  soln.  of  molybdenum  salts  give  no  character- 
istic absorption  spectrum,  a soln.  of  the  chloride  in  absolute  alcohol  gives  a green 
soln.  which  if  concentrated  shows  absorption  bands  in  the  red,  blue,  and  violet,  but 
no  lines.  If  about  two  drops  of  tincture  of  alkanna  be  added  to  the  soln.  of  molyb- 
denum chloride,  in  absolute  alcohol,  the  brownish-red  soln.  has  narrow  bands  at 
6002,  5560,  and  5185,  and  a band  in  the  violet.  The  soln.  however,  gradually 
becomes  violet,  then  blue  with  a reddish  fluorescence ; and  the  narrow  bands  are 
displaced  to  the  right  until  finally  in  about  10  hrs.,  when  equilibrium  is  attained,  the 
narrow  bands  occur  at  5845,  6415,  and  5040.  The  spectrum  is  not  changed  by  the 
addition  of  a little  ammonia,  but  an  excess  makes  the  liquid  turbid  and  the  spectral 
bands  move  to  the  left.  C.  Horner  studied  the  spectra  of  beads  of  boric  or  phos- 
phoric acid  containing  molybdenum  oxide  in  soln.  S.  Kato  studied  the  absorption 
spectrum  of  aq.  soln. 

The  K-series  in  the  X-ray  spectrum  was  measured  by  F.  C.  Blake  and  W.  Duane,4 

S.  Tanaka  and  J.  Tsutsumi,  L.  H.  Martin,  J.  W.  M.  du  Mond,  F.  L.  Nutting, 
J.  Yalasek,  H.  Mark  and  G.  von  Susich,  F.  Wisshak,  D.  Mitchell  and  B.  Davis, 

N.  S.  Gingrich,  B.  Davis  and  co-wTorkers,  L.  R.  G.  Treloar,  A.  P.  R.  Wadlund, 
J.  Schror,  H.  Purks,  B.  Davis  and  H.  Purks,  Y.  H.  Woo,  B.  Walter,  A.  Dauvillier, 
S.  Bjorek,  D.  Nasledoff  and  P.  Scharawsky,  M.  Siegbahn,  H.  R.  Robinson  and 
co-workers,  A.  Larsson,  A.  Jonsson,  A.  Liede,  D.  Coster  and  co-workers,  P.  A.  Ross, 
E.  0.  Wollan,  F.  K.  Richtmyer,  F.  K.  Richtmyer  and  L.  S.  Taylor,  M.  Balderston, 
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F.  K.  Richtmyer  and  R.  C.  Spencer,  H.  A.  Erickson,  A.  Bouwers,  G.  E.  M.  Jauncey 
and  A.  H.  Compton,  A.  H.  Compton,  G.  Kettmann,  P.  Anger,  A.  H.  Compton 
and  Y.  H.  Woo,  S.  K.  Allison  and  co-workers,  G.  E.  M.  Jauncey,  M.  Siegbahn 
and  E.  Frinian,  M.  de  Broglie,  A.  P.  R.  Wadlund,  S.  Tanaka  and  J.  Tsu- 
tsumi,  H.  G.  J.  Moseley,  and  J.  Maimer.  The  lines  include  a2a  =0*7 1196  ; ata 
=0-759 ; ^!)8=0-63065 ; and  j82y=0-61398.  The  L-series  was  measured  by 
D.  Coster,  E.  Hjalmar,  M.  Siegbahn  and  A.  Larsson,  H.  G.  J.  Moseley,  J.  Maimer, 
F.  K.  and  R.  D.  Richtmyer,  M.  Siegbahn  and  E.  Friman,  W.  Bothe  and  H.  Franz, 

S.  Bjorek,  W.  Bothe,  M.  J.  Druyvesteyn,  W.  Duane  and  R.  A.  Paterson,  H.  Hirata, 
B.  B.  Ray,  A.  Jonsson,  A.  H.  Compton  and  R.  L.  Doan,  J.  Zahradnicek,  J.  M.  Cork, 
H.  R.  Robinson  and  C.  L.  Young,  and  M.  Siegbahn.  The  lines  include  a2a1=5-400  ; 
aja=5-3943 ; a3aU =5-3721  ; ^=5-1658;  and.  y18=4-7111.  A.'  Dauvillier 
observed  no  Ma- ray  ; but  J.  Thibaud  found  the  Ma-line=65-0  A.  0.  W.  Richard- 
son and  C.  B.  Bozzani,  and  C.  B.  Bozzani  and  C.  T.  Chu  found  that  the  critical 
potential  of  the  X-ray  radiation  from  a tungsten  wire  is  356  volts  corresponding 
with  a wave-length  of  34-8  A.  The  calculated  Afa-line  of  molybdenum  is  35-2  A., 
indicating  that  the  observed  radiation  is  the  M-series.  The  Af -series  was  also 
studied  by  S.  Bjorek,  H.  R.  Robinson  and  C.  L.  Young,  and  J.  M.  Cork ; and  the 
Y-series  by  S.  Bjorek,  and  H.  R.  Robinson  and  C.  L.  Young.  E.  0.  Wollan  found 
that  the  Ka-lines  are  not  polarized  more  than  one  per  cent.  W.  Ehrenberg  and 
co-workers  studied  the  widths  of  the  X-ray  emission  lines. 

J.  E.  P.  Wagstaff  gave  6-7  XlO12  for  the  vibration  frequency.  F.  Wagner  dis- 
cussed the  linear  relation  between  the  at.  numbers  and  the  frequency.  According  to 

T.  E.  Auren,  the  at.  absorption  coefficient  for  X-rays  is  244  when  that  of  hydrogen 
is  unity.  R.  A.  Houstoun,  P.  Gunther,  L.  M.  Alexander,  K.  A.  Wingardh,  and 
F.  W.  Warburton  and  F.  K.  Richtmyer  also  studied  this  subject.  S.  K.  Allison  and 
W.  Duane,  G.  Hagen,  F.  Kirchner,  E.  N.  Coade,  R.  W.  G.  Wyckoff,  and  G.  L.  Clark 
and  co-workers  studied  the  scattering  of  the  X-rays  from  molybdenum,  and  the 
Compton  effect ; J.  Hengstenberg,  the  reflection  of  X-rays  ; H.  R.  Robinson  and 
co-workers,  and  R.  Whiddington,  the  emission  from  molybdenum  bombarded  by 
X-rays  ; G.  L.  Clark  and  co-workers,  the  action  of  primary  X-rays  from  a molyb- 
denum target  on  the  secondary  and  tertiary  rays  from  various  substances. 
M.  A.  Rewutzka,  and  0.  W.  Richardson  and  F.  S.  Robertson  investigated  the  soft 
X-rays  from  molybdenum  ; L.  P.  Davis,  the  effect  of  oxidation  on  the  emission  of 
soft  X-rays  ; and  G.  B.  Bandopadhyaya,  and  0.  W.  Richardson  and  F.  S.  Robertson, 
the  photoelectric  effect  of  these  rays.  R.  Whiddington,  studied  the  velocity  of  the 
electrons  liberated  by  X-rays  from  molybdenum  ; D.  Nasledoff  and  P.  Sharawsky, 
D.  L.  Webster  and  A.  E.  Hennings,  A.  Jonsson,  and  A.  Bouwers,  the  velocity  of  the 
X-rays  ; and  C.  C.  van  Voorhis  and  K.  T.  Compton,  the  heat  of  condensation  of 
electrons.  M.  A.  Catalan  gave  for  the  ionization  potential,  7-1  volts ; and  the  first 
resonance  potential,  3-19  volts.  L.  Rolla  and  G.  Piccardi  studied  the  electronic 
equilibrium  and  ionizing  potentials  of  molybdenum,  etc.  D.  L.  Webster  and 
A.  E.  Hennings  studied  the  penetration  by  cathode  rays  ; H.  R.  Robinson,  the 
secondary  corpuscular  X-rays ; W.  Herz  gave  7-27  X 10°  for  the  vibration 
frequency. 

M.  J.  Martin  5 found  that  photoelectric  currents  are  produced  by  the  action  of 
the  light  from  a quartz  mercury  lamp  on  molybdenum  heated  in  vacuo  to  1325°. 
The  sensitiveness  of  the  photoelectric  effect  increases  to  a final  limiting  value,  and 
the  wave-length  limit  shifts  from  about  2600  A.  to  3800  A.  The  work  function  is 
3-22  volts.  The  subject  was  studied  by  T.  Pavolini.  N.  Piltschikoff  observed  that 
molybdenum  emits  practically  no  Moser  rays.  J.  Lifschitz,  and  R.  T.  Du  fiord 
investigated  the  volta-luminescence  which  occurs  with  an  electrolytic  cell  under 
certain  conditions  when  molybdenum  electrodes  are  used. 

K.  F.  Herzfeld  6 discussed  the  metallic  conductivity  of  molybdenum.  According 
to  C.  G.  Fink,  the  electrical  resistance  of  hard-drawn  molybdenum  wire  is  5-6  X 10— 6 
ohm  per  cm.  cube,  and  of  annealed  wire,  4-8  X 10-6  ohm  at  25°.  The  temp,  coeff.  is 
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0-5  per  cent,  per  degree  between  0°  and- 170°.  C.  E.  Blom  gave  RxlO- 4=22-4 
ohms  for  the  resistance  of  molybdenum  at  0°,  and  at  6°,  Rx  107=44  xOT17d 
+O-OOO5302  ohms  per  cm.  cube.  A.  Schulze  gave  R=Ro(ld-O-OO4O20+f)‘O512#2). 
C.  Zwikker  found  for  the  sp.  resistance  in  microhms  per  cm.  : 

1234°  1440°  1648°  1855°  • 2059°  2259°  2460° 

R . . 29-2  35-2  41-2  47-3  63-5  69-7  66-0 


A.  A.  Sommerville  found  that  the  effect  of  temp,  is  very  sensitive  to  the  degree  of 
purity  of  the  metal,  and  he  gave  0-0034  for  the  temp,  coeff.  of  the  resistance,  whilst 
P.  W.  Bridgman  gave  0-004336  between  0°  and  100°.  A.  A.  Somerville  represented 
his  results  for  the  effect  of  temp,  on  the  resistance,  and  on  the  temp,  coeff.  of  the 
resistance  by  the  curves,  Fig.  .6.  W.  Geiss  and  J.  A.  M.  van  Liempt  gave  for  the 
resistance  of  single  crystals  0‘0502  ohm  per  metre  for  wire  1 mm.  cross-section,  and 
the  temp,  coeff.  was  473  X 10~S. 6.  A.  G.  Worthing  gave  for  the  resistance,  R milliohms, 
and  for  the  temp,  coeff., 


T°  K.  . 

273° 

400° 

1000° 

1400° 

1600° 

2000° 

2400° 

2600° 

2895° 

R 

5-14 

8-15 

23-9 

35-2 

41-1 

53-1 

65-5 

71-8 

81-4 

a 

1-265 

1-170 

1-145- 

1-145 

1-145 

1-145 

1-145 

1-145 

1-145 

L.  Holborn  gave  for  wire  annealed  at  500°  the  ratio  of  the  resistance,  R,  at  6°  to  that, 
R0,  at  0° : 


-192°  —78°  100°  200° 

RIR0  . . 0-193  0-667  1-436  1-886 

and  for  the  temp,  coeff.,  a,  of  the  resistance  : 

-135°  -39°  50°  150° 

a . 0-00415  0-00427  0 00435  0-00450 


300° 

2-349 


250° 

0-00464 


400° 

2-825 


350° 

0-00478 


W.  Geiss  and  J.  A.  M.  van  Liempt  studied  the  effect  of  temp,  on  the  resistance  ; 
and  J.  C.  McLennan  and  co-workers,  the  effect  of  temp,  in  the  vicinity  of  2-2°  K.  ; 

L.  Holborn  gave  0-00435  for  the  temp, 
coeff. ; P.  Kapitza,  the  influence  of  a 
magnetic  field  on  the  conductivity. 
Z.  A.  Epstein  compared  the  conductivities 
of  the  elements  and  their  position  in  the 
periodic  table.  A.  T.  Waterman  dis- 
cussed the  electronic  theory  of  conduction. 
W.  Geiss  and  J.  A.  M.  van  Liempt  found 
that  the  product  of  the  sp.  resistance  and 
the  temp,  coeff.  is  constant  in  agreement 
with  Matthiessen’s  rule.  H.  Rolnick  found  that  the  resistance  decreases  with 
tension.  U.  Fischer,  and  B.  Beckman  measured  the  influence  of  pressure,  p 
kgrms.  per  sq.  cm.,  on  the  resistance  ; and  P.  W.  Bridgman  found  the  relative 
resistance  and  the  press,  coeff.  to  be  : 


600 
<b  500 

poo 

■5  300 
^ 200 
too 


! I 1 ..L.L 

1 Temperature 

YJ 

i rr 

Fig.  6. — The  Effect  of  Temperature  on 
the  Resistance  of  Molybdenum. 


0° 

25° 

50° 

75° 

100° 

R . 

1-0000 

1-1071 

1-2150 

1-3238 

1-4336 

Press  1°  kSrm- 

coeff  i12’000  k£rms  ' 

* ( average 

— 0-06133 

—0-0*132 

-0-0*131 

-0-0*1305 

-0-0*130 

—0-0*1245 

— 0-06124 

-0-0*124 

-0-0*1235 

-0-0*123 

—0-0*1286 

-0-0*1281 

-0-0*1275 

-00*1270 

— 0-0*1265 

U.  Fischer  gave 

13-2° 

0-1°  - 

75°  -192° 

-252 

'7° 

Coeff.  . 

0-05134 

0-0*135  0-0 

*150  0-0*269 

0-0*414  to  0-0*49 

S.  Morugina  found  that  the  molybdenum-tungsten  thermocouple  had  an  e.m.f. 

which  changes  sign  at  about  1900°.  The  e.m.f.  are  small  being  about  —3  millivolts 
at  10U0° ; and  -f-1-5  at  2000°,  so  that  the  couple  is  of  little  practical  value. 
W.  Rohn  studied  the  thermoelectric  force  of  molybdenum  against  nickel. 
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P.  W.  Bridgman  found  the  thermolectric  force,  in 

volts  x 106,  of  the  metal  uncom- 

pressed  and  compressed  to  p kgrms. 

per  sq.  cm.  to  be  : 

V 

10° 

20° 

40° 

00° 

80° 

100° 

2,000  . 

0-012 

0-025 

0-065 

0-109 

0-129 

0-140 

6,000  . 

0-037 

0-078 

0-209 

0-328 

0-383 

0-415 

10,000  . 

0-057 

0-125 

0-357 

0-543 

0-634 

0-693 

12,000  . 

0-066 

0-146 

0-430 

0-649 

0-761 

0-833 

for  Peltier’s  effect 

in  joules 

per  coulomb  XlO6 

between 

the  uncompressed  and 

compressed  metal : 

p 

0° 

20° 

40° 

60° 

80° 

100° 

2,000  . 

0-30 

0-38 

0-53 

0-47 

0-25 

0-15 

6,000  . 

0-95 

1-36 

2-41 

1-23 

0-74 

0-48 

10,000  . 

1-45 

2-28 

4-23 

2-00 

1-23 

0-93 

12,000  . 

1-69 

2-93 

4-83 

2-44 

1-52 

1-16 

and  for  Thomson’s  efEect  in  joules  per  coulomb  per  °C.  x 10°  expressed 

as  the  excess 

with  the  compressed  over  the 

uncompressed  metal : 

p 

0° 

20° 

40° 

G0° 

80° 

100° 

2,000  . 

0 

0-6 

0-3 

-1-3 

-1-1 

0-0 

6,000  . 

0-8 

4-4 

-2-5 

-7-0 

-1-8 

-l-l 

10,000  . 

1-2 

13-2 

-9-4 

-9-3 

—2-5 

-1-9 

12,000  . 

1-6 

15-2 

— 11-6 

-9-7 

-3-2 

-2-2 

The  thermoelectric  force  against  lead  is  given  by  (5-8920+O-O216702 — O-OOOO2503) 
XlO-6  volts  ; the  Peltier’s  effect,  by  (5-892+0-043340— O-OOOO7502) (0+273)  X Kr« 
volts;  and  the  Thomson’s  effect  by  (0-04334— O-OOOO15O0)(0+273)  XlO-6  volts 
per  °C.  C.  Zwikker  found  that  the  Thomson’s  efEect  of  molybdenum  is  negligibly 
small  at  about  2000°  K.,  being  less  than  — 2 millivolts  per  degree.  E.  Blumenthal 
measured  the  thermoelectric  force  of  molybdenum  against  tungsten,  and  also 
against  tantalum. 

R.  D.  Kleeman  and  W.  Frederickson  found  that  molybdenum  wire  through  which 
an  electric  current  is  passing,  acquires  a negative  charge.  M.  Forro  and  E.  Patai 
found  the  contact  potential  of  sodium  against  molybdenum  to  be  2-0  volts  ; and 
they  measured  the  contact  potential  of  molybdenum  and  mercury.  E.  Dubois 
studied  the  Volta  effect  in  water  vapour.  A.  S.  Russell  and  S.  W.  Rowell  said 
that  the  position  of  molybdenum  in  the  electrochemical  series  is  approximately  the 
same  as  that  of  mercury.  This  was  determined  by  finding  the  most  noble  metal  that 
can  displace  them  from  soln.,  and  the  order,  relative  to  metals  of  known  potential, 
in  which  it  is  removed  from  mercury  by  oxidation  with  permanganate.  According 
to  L.  Marino,  although  molybdenum  can  act  as  a bi-,  ter-,  or  sexivalent  element, 
electrochemically,  it  acts  only  as  a hexad.  It  can  occur  under  widely  varying 
conditions  in  the  active  and  passive  states,  each  of  which  corresponds  with  its  own 
specific  e.m.f.  Between  these  two  states,  there  is  an  indefinitely  large  number  of 
other  states  corresponding  with  the  varying  conditions  of  the  surface  of  the  metal. 
W.  Muthmann  and  F.  Fraunberger  found  that  the  highest  numerical  values  of  the 
e.m.f.  in  the  two  states  in  iV-KCl  were  —0-74  volt  (active)  and  +0-66  volt  (passive). 
Two  fresh  pieces  had  the  air  potentials  0-26  and  —0-02  volt.  H.  Kuessner  observed 
that  two  different  pieces  of  metal — containing  traces  of  carbon,  and  of  oxide,  and  a 
little  iron — behaved  differently.  One  became  passive  when  the  current  density  was 
about  0-05  amp.  per  sq.  cm.,  whilst  the  other  showed  no  signs  of  passivity  even  with 
larger  current  densities.  L.  Marino  showed  that  the  metal  is  active  when  in  contact 
with  strongly  oxidizing  soln.,  such  as  those  of  chlorine,  bromine,  nitric  acid,  or  chloric 
acid,  at  the  ordinary  temp.  ; further,  it  is  active  in  soln.  of  highly  oxygenated  salts, 
but  only  at  temp,  rising  with  the  dilution,  and  also  in  cone.  soln.  of  certain  other 
acids  only  capable  of  dissolving  it  at  their  b.p.,  the  e.m.f.  being  here  identical  with 
that  exhibited  in  soln.  able  to  dissolve  it  readily.  W.  Muthmann  and  F.  Fraunberger 
found  that  the  initial  and  end  potentials  with  40  per  cent,  nitric  acid  were  respec- 
tively —0-22  and  0-38  volt ; with  cone,  chromic  acid,  —0-72  and  0-66  volt ; with 
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20  per  cent,  hydrochloric  acid,  —0-06  and  0-29  volt ; with  16  per  cent,  sulphuric  acid, 
0-02  and  0-26  volt ; with  ammonium  persulphate,  —0-48  and  0-45  ; and  with  10 
per  cent,  ferric  chloride,  —0-27  and  0-48  volt.  According  to  L.  Marino,  the  inactive 
condition  of  the  metal  is  only  possible  for  certain  values  of  the  current  density,  a 
fact  which  indicates  the  great  influence  of  the  latter  magnitude  on  the  surface  of  the 
metal.  This  influence  is  shown  most  distinctly  in  soln.  of  substances  rich  in  oxygen, 
such  as  nitric  acid  and  nitrates.  Neglecting  the  slight  influences  exerted 
by  different  electrolytes,  the  highest  value  of  the  e.m.f.  after  the  metal  has  acted  for 
some  seconds  as  a cathode  is  1-50  volts  for  the  active  condition  and  0-20  volt  for  the 
passive  condition.  The  inactive  state  of  the  metal  is  unstable,  and,  as  soon  as  its 
cause  is  removed,  reverts  to  the  active  condition,  the  change  proceeding  more 
rapidly  than  with  chromium.  W.  Muthmann  and  F.  Fraunberger  observed  that 
bases  and  reducing  agents  activate  the  passive  metal.  Thus,  the  initial  and  end 
potentials  with  a cone.  soln.  of  potassium  hydroxide  were  respectively  0-13  and 
— 0-72  volt ; with  aq.  ammonia,  0-29  and  —0-31  ; and  with  alkaline  formaldehyde, 
0-33  and  —0-31  volt.  Active  molybdenum  reduces  soln.  of  mercuric,  cupric,  and 
ferric  salts  as  well  as  salts  of  silver,  gold,  and  platinum.  L.  C.  Bannister  and 
U.  R.  Evans  measured  the  time-potential  curves.  G.  C.  Schmidt  made  observa- 
tions on  this  subject.  R.  Lorenz  reported  the  electrode  potential  of  powdered 
molybdenum  in  O-lN-molybdatosulphuric  acid  to  be  0-41  volt ; and  K.  Wolf, 
from  measurements  of  the  potential  in  alcoholic  soln.  of  molybdenum  dichloride 
calculated  0-53  to  0-55  for  the  normal  electrode  potential — but  the  numbers  have 
little  practical  value  owing  to  the  quick  changes  which  occur  in  the  e.m.f.  of  cells. 
Thus  L.  Marino  measured  the  e.m.f.  of  the  cell,  Mo  ] MX  | KCl,HgCl  | Hg,  where 
MX  represents  a neutral  salt,  acid,  or  base,  and  of  the  cell,  Mo  | MX  | H2Cr04  | Pt. 
The  highest  value  with  active  molybdenum  was  1-5  volt,  and  with  passive  molyb- 
denum 0-2  volt — the  difference  1-3  volt,  and  W.  Muthmann  and  F.  Fraunberger 
observed  the  difference  to  be  1-4  volt.  All  cells  with  a molybdenum  electrode 
showed  great  difference  in  their  e.m.f.  owing  to  the  passivation  of  the  metal. 
0.  Bauer  gave  — 0 200  volt  in  one  per  cent,  sodium  chloride  at  the  start,  and  —O' 164 
after  120  hrs.  A.  Thiel  and  W.  Hammerschmidt  found  the  overvoltage  with 
22V-H2S04  is  0-168  volt  at  25°.  S.  J.  French  and  L.  Kahlenberg,  and  A.  C.  Kruger 
and  L.  Kahlenberg  studied  the  gas-metal  electrodes  of  molybdenum  and  oxygen, 
nitrogen,  or  hydrogen.  A.  S.  Russell  and  S.  W.  Rowell  found  that  molybdenum 
and  tungsten  are  in  some  respects  more  rea  ctive  than  copper  but  in  other  respects 
they  resemble  mercury,  and  silver.  The  values  for  the  electrode  potentials  are 
not  concordant.  O.  Collenberg  studied  the  oxidation  potential  of  potassium 
molybdenum  octocyanide,  K3MoCy8  ; A.  Coehn  and  O.  Schafmeister,  the  electro- 
kinetic  potential  of  molybdenum  ; R.  J.  Piersol,  the  electronic  discharge  in  vacuum 
tubes  ; E.  S.  Davenport,  the  surface  pitting  of  tungsten  filaments  ; and  H.  Nagaoka 
and  T.  Fatagami,  the  spluttering  of  molybdenum  by  the 
disruptive  discharge  in  a magnetic  field.  W.  Ogawa  noted 
that  molybdenum-activated  galena  is  a radio  detector. 

According  to  L.  Weiss  and  O.  Aichel,7  molybdenum  is 
para-magnetic.  S.  Meyer  gave  for  the  magnetic  suscepti- 
bility, 0-25xl0— 6 mass  unit;  K.  Honda,  0-04  xlO-6  to 
0039x10-6;  and  M.  Owen,  060x10-6  to  0-93xl0-«. 
The  temp.,  and  strength  of  the  magnetic  field  had  only  a 
slight  influence  on  the  result..  P.  Pascal  found  that  the 
molybdates,  unlike  the  molybdenum  salts,  are  dia- 
magnetic. The  subject  was  studied  by  D.  M.  Bose  and 
H.  G.  Dhar  ; in  its  salts,  tervalent  molybdenum  is  dia- 
magnetic. P.  Kapitza’s  observations  on  the  effect  of  strong  magnetic  fields  on 
the  electrical  conductivity  are  summarized  in  Fig.  7.  P.  R.  Ray  studied  the 
magnetic  susceptibility  of  complexes  of  quinquevalent  molybdenum  compounds. 
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§ 5.  The  Chemical  Properties  of  Molybdenum 

F.  Fischer  and  F.  Schrotter1  observed  no  reaction  when  molybdenum  was  sparked 
beneath  liquid  argon.  No  molybdenum  hydride  has  been  prepared.  According  to 
A.  Yandenberghe,  J.  H.  Muller,  and  W.  Lederer,  molybdenum  does  not  in  general 
absorb  hydrogen,  but  if  the  metal  is  in  a fine  state  of  subdivision,  L.  Hamburger 
found  that  it  can  occlude  some  hydrogen  which  is  again  given  off  at  300°.  E.  Martin 
made  observations  on  this  subject.  J.  A.  Kendall  made  a hot  molybdenum  film 
through  which  hydrogen  was  passing  serve  as  one  element  of  a galvanic  cell. 
According  to  J.  J.  Berzelius,  molybdenum  loses  its  metallic  lustre  by  exposure  to 
air  for  some  days  at  ordinary  temp.  J.  Feree  found  that  pyrophoric  molybdeuum 
which  has  been  heated  to  400°  is  no  longer  spontaneously  inflammable  in  air. 
Under  ordinary  conditions,  molybdenum  is  stable  in  air  at  ordinary  temp. 
W.  Lederer,  however,  said  that  the  surface  of  the  metal  exposed  to  air  gradually 
acquires  a brass-yellow  film.  According  to  C.  Matignon  and  G.  Desplantes,  finely- 
divided  molybdenum  oxidizes  at  ordinary  temp,  in  air  in' the  presence  of  aq. 
ammonia.  J.  J.  Berzelius  said  that  when  heated  in  air  it  becomes  first  brown, 
then  blue,  and  lastly,  nearly  white  ; and,  if  the  temp,  is  high  enough,  it  emits  light, 
gives  off  fumes,  and  forms  crystalline  molybdenum  trioxide.  H.  Moissan  added  that 
if  the  metal  be  free  from  carbon  and  silicon,  it  oxidizes  but  little  in  air  below  a red- 
heat  ; but  at  a dull  red-heat,  it  oxidizes  superficially  in  air,  and  at  600°  oxidation 
becomes  marked,  and  molybdenum  trioxide  slowly  volatilizes.  The  trioxide  is 
the  product  of  the  oxidation  in  air  at  high  temp.,  but  in  the  oxyhydrogen  flame, 
it  is  accompanied  by  the  blue  oxide.  N.  B.  Pilling  and  R.  E.  Bedworth  studied 
the  oxidation  in  air  of  this  family  of  metals.  The  metal  in  oxygen  at  500°  to  600° 
burns  to  the  trioxide.  W.  Lederer  added  that  when  the  metal  is  warmed  in  oxygen, 
it  acquires  a film  coloured  successively  yellow,  brown,  blue,  bluish-red,  and  black,  its 
surface  then  glows,  and  the  black  substance  suddenly  bursts  into  a pale  white  flame 
forming  the  trioxide.  L.  O.  Bannister  discussed  the  coloured  oxide  films  on 
molybdenum.  C.  F.  Bucholz,  and  J.  J.  Berzelius  found  that  water  does  not  oxidize 
the  metal  at  ordinary  temp.,  and  H.  Moissan  added  that  if  the  metal  be  free  from 
carbon  and  silicon,  it  can  be  kept  unchanged  in  water  for  several  days,  even  when 
the  water  is  charged  with  carbon  dioxide.  W.  Lederer  found  that  after  molybdenum 
has  stood  in  contact  with  wat  "v  for  a week,  it  acquires  a blue  film  of  a lower  oxide, 
and  this  then  becomes  yellowLn -brown.  With  water-vapour,  free  from  air,  red-hot 
molybdenum  becomes  yellow,  then  brown,  and  blue,  whilst  W.  Guertler  and 
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T.  Liepus  observed  no  action  with  sat.  chlorine-water  during  8 days  ; II.  V.  Regnault 
observed  that  molybdenum  decomposes  water-vapour  at  a red-heat,  first 
forming  a blue  oxide,  and  then  molybdenum  trioxide.  M.  Guichard  said  that 
steam  first  oxidizes  molybdenum  at  700°.  W.  Guertler  and  T.  Liepus  observed 
that  sea-water,  aerated  sea-water,  and  aerated  rain-water  have  no  action  on 
molybdenum  during  8 days’  exposure.  By  slowly  oxidizing  this  metal  in  water- 
vapour  alone,  or  admixed  with  hydrogen,  no  oxides  other  than  the  di-  and  tri- 
oxides  are  formed.  G.  Chaudron  studied  the  equilibrium  conditions  in  the  balanced 
reaction  : Mo-f  2H20^Mo02+2H2  over  the  temp,  range  700°  to  1100°.  W.  Guertler 
and  T.  Liepus  observed  no  action  during  24  hrs.’  exposure  to  a soln.  of  hydrogen 
dioxide  in  soda-lye  ; but  L.  J.  Thenard  found  that  the  metal  is  oxidized.  C.  G.  Fink, 
and  W.  G.  Mixter  found  the  molybdenum  is  readily  attacked  by  melting  sodium 
dioxide  ; J.  A.  Hedvall  and  N.  von  Zweigbergk  studied  the  action  of  barium 
dioxide  ; and  H.  Moissan  that  there  is  an  intense  development  of  heat  and  light 
when  a mixture  of  molybdenum  and  lead  dioxide  is  heated. 

According  to  H.  Moissan,  fluorine  has  no  action  on  molybdenum  en  masse  at 
ordinary  temp.,  but  it  acts  on  the  coarsely-powdered  metal  with  incandescence, 
and  the  formation  of  a volatile  fluoride.  J.  J.  Berzelius  found  that  chlorine  does 
not  act  on  the  metal  at  ordinary  temp. — W.  Lederer  said  that  a bluish-black  film 
is  formed — but  at  a gentle  heat,  the  surface  exhibits  a transient  glow,  and  a dark 
red  vapour  is  formed.  H.  Moissan  observed  that  chlorine  attacks  the  metal  at  a 
dull-red  heat  without  incandescence  ; and  bromine  combines  with  the  metal, 
though  not  energetically  at  a bright  red-heat.  C.  W.  Blomstrand  observed  that 
with  chlorine  or  bromine,  several  chlorides  or  bromides  are  formed,  and  if  the 
halogen  is  mixed  with  air,  oxyhalides  are  produced.  J.  J.  Berzelius  found  that 
chlorine-water  oxidizes  molybdenum,  and  W.  Lederer,  that  bromine-water  is 
decolorized  by  shaking  it  with  powdered  molybdenum.  J.  J.  Berzelius,  and 
H.  Moissan  found  that  iodine  has  no  action  on  red-hot  molybdenum.  O.  Ruff  and 
H.  Krug  found  chlorine  trifluoride  attacks  the  metal  with  incandescence.  J.  J.  Ber- 
zelius, and  C.  F.  Bucholz  observed  that  hydrofluoric  acid  has  no  action  on 
molybdenum,  and  H.  Moissan  added  that  hydrofluoric  acid  is  without  action  except 
in  the  presence'  of  nitric  acid  when  the  metal  is  rapidly  attacked.  W.  E.  Ruder 
said  that  the  metal  is  not  attacked  by  this  acid  hot  or  cold.  J.  J.  Berzelius,  and 
C.  F.  Bucholz  said  that  the  metal  is  not  attacked  by  hydrochloric  acid  ; W.  E.  Ruder- 
said  that  the  dil.  acid  slowly  attacks  molybdenum  at  110°  forming  some  black  oxide, 
probably  Mo203.  The  loss  in  weight  was  20-3  per  cent,  after  18  hours.  The  more 
concentrated  acid  (1-15)  has  a much  slower  action.  After  keeping  the  metal  for 
18  hours  in  this  acid  at  110°,  the  total  loss  of  metal  was  only  0-34  per  cent,  and  the 
surface  was  still  bright.  W.  Guertler  and  T.  Liepus  observed  no  action  during 
48  hrs.’  exposure  to  10  and  36  per  cent,  hydrochloric  acid  ; W.  Rohn,  that  the  cold 
10  per  cent,  hydrochloric  acid  dissolved  only  0-01  per  cent,  in  24  hrs.  in  the  cold, 
and  with  the  hot  acid  0-0015  was  dissolved  in  one  hour,  and  0-08  per  cent,  in  24 
hrs.  ; W.  Lederer,  that  boiling  dil.  hydrochloric  acid  has  no  action,  but  the  hot  cone, 
acid  very  slowly  attacks  the  metal.  H.  Moissan  found  that  fused  potassium 
chlorate  attacks  the  metal  violently. 

H.  Moissan  found  that  sulphur  has  no  action  on  molybdenum  at  440u ; but 
hydrogen  sulphide  at  1200°  converts  the  metal  into  a sulphide  closely  resembling 
molybdenite.  <T.  Feree  found  that  pyrophoric  molybdenum  at  ordinary  temp,  or 
wThen  gently  heated  does  not  react  with  hydrogen  sulphide.  E.  W.  Engle  found 
that  molybdenum  is  resistant  to  corrosion  by  hydrochloric  acid.  W.  Guertler  and 
T.  Liepus  observed  no  reaction  with  10  and  50  per  cent.  soln.  of  sodium  sulphide — 
with  or  without  alkali.  N.  Domanicky  observed  that  an  ethereal  soln.  of  sulphur 
monochloride  readily  attacks  molybdenum.  According  to  E.  F.  Smith  and 
V.  Oberholtzer,  if  molybdenum  is  heated  in  the  vapour  of  sulphur  monochloride,  a 
complex  Mo5S8C10  is  formed.  L.  Storch  found  that  the  presence  of  sulphomolybdates 
prevents  the  precipitation  of  copper,  cadmium,  mercury,  and  iron  sulphides. 
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C.  H.  Ehrenfeld  said  that  when  the  metal  is  heated  in  sulphur  dioxide,  molybdenum 
dioxide  and  a sublimate  of  sulphur  are  formed  ; whilst  J.  Feree  observed  that  with 
pyrophoric  molybdenum  and  sulphur  dioxide,  the  mass  glows  and  a sulphide  and 
oxide  are  formed.  According  to  J.  J.  Berzelius,  and  C.  F.  Bucholz,  dil.  sulphuric 
acid  does  not  act  on  molybdenum,  whilst  the  hot,  cone,  acid  forms  sulphur  dioxide 
and  molybdenum  dioxide  if  only  a small  proportion  of  acid  be  present,  with  more 
acid,  blue  molybdenum  oxide  is  formed.  W.  Lederer  said  that  dil.  and  cone, 
sulphuric  acid  do  not  attack  molybdenum  ; but  A.  Rosenheim  and  H.  J.  Braun 
added  that  molybdenum  is  attacked  only  slowly  by  dil.  sulphuric  acid,  whilst  the 
cone,  acid  quickly  forms  a bluish -green  soln.  According  to  W.  Muthmann,  an  excess 
of  cone,  sulphuric  acid  begins  to  act  feebly  on  molybdenum  at  160°  and  sulphur 
dioxide  is  evolved  ; the  grass-green  liquid  darkens  to  an  olive-green.  If  the  temp, 
is  not  too  high,  all  the  metal  dissolves.  If  the  temp,  is  near  the  b.p.  of  the  acid, 
the  soln.  becomes  blue  and  then  colourless — the  dioxide  first  formed  is  oxidized  to 
molybdenum  trioxide.  W.  E.  Ruder  found  that  sulphuric  acid  of  sp.  gr.  1-30  does 
not  attack  molybdenum  at  110°  ; but  that  the  cone,  acid  of  sp.  gr.  1*82  attacks  it 
slowly.  Only  0-29  per  cent,  loss  in  weight  was  found  after  18  hrs.  With  elevated 
temp.,  however  (200°-250°),  the  metal  dissolves  rapidly  to  a green  soln.,  with  the 
evolution  of  sulphur  dioxide.  W.  Rohn  noted  that  10  per  cent,  cold  sulphuric 
acid  dissolved  9-006  per  cent,  after  24  hrs.,  and  only  0-0015  per  cent,  dissolved  in 
the  hot  acid  in  an  hour,  and  0-03  per  cent,  in  24  hrs.  R.  H.  Adie  added  that  the 
reaction  with  cone,  sulphuric  acid  begins  with  the  evolution  of  gas  at  115°  ; sulphur 
dioxide  is  given  off  at  135°,  and  no  hydrogen  sulphide.  A green  solid  is  formed. 
W.  Guertler  and  T.  Liepus  found  that  10  per  cent,  sulphuric  acid  does  not  attack 
chromium  during  48  hrs.’  exposure  ; and  similarly  with  20  per  cent.  H2S04  sat. 
with  sodium  sulphate.  C.  G.  Fink  found  that  fused  potassium  hydrosulphate 
readily  attacks  the  metal. 

A.  Vandenberghe  observed  no  reaction  between  molybdenum  and  nitrogen  ; 

I.  Zschukoff  said  there  is  a slight  reaction  at  1000°,  and  H.  Moissan  added  that  no 
combination  occurs  at  1200°;  whilst  J.  Feree  found  no  combination  with  gently- 
heated,  pyrophoric  molybdenum  in  nitrogen.  E.  Martin  studied  the  occlusion  of 
nitrogen,  and  the  formation  of  nitrides,  by  the  metal.  I.  Langmuir  observed  that 
when  a molybdenum  filament  is  heated  to  2000°  or  2400°  in  nitrogen  at  0-3  mm. 
press.,  the  nitrogen  is  all  absotbed.  N.  R.  Campbell  made  some  observations  on 
this  subject.  E.  J.  B.  Willey  measured  the  rate  of  decay  of  active  nitrogen  in  the 
presence  of  a molybdenum  filament.  The  phenomenon  is  discussed  in  connection 
with  molybdenum  nitride — 8.  49,  12.  E.  F.  Smith  and  Y.  Oberholtzer  found  that 
ammonia  has  no  action  on  molybdenum  at  temp,  up  to  a red-heat.  The  action 
at  high  temp,  was  studied  by  C.  H.  Kunsman  ; E.  S.  Lamer  and  W.  E.  Deming, 
and  C.  H.  Kunsman  and  co-workers  discussed  the  catalytic  effect  of  molybdenum  on 
the  decomposition  of  ammonia.  W.  Guertler  and  T.  Liepus  observed  no  reaction 
during  8 hrs.’  exposure  to  10,  50,  and  70  per  cent.  aq.  ammonia  ; but  C.  Matignon  and 
G.  Desplantes  observed  that  when  shaken  up  at  ordinary  temp,  in  a flask  containing 
10  c.c.  of  aq.  ammonia  (1  : 4),  molybdenum  is  oxidized  ; C.  H.  Ehrenfeld,  that 
methylamine  is  also  inactive — the  trace  of  hydrogen  cyanide  which  is  formed  is  due 
to  the  decomposition  of  the  amine  ; and  F.  W.  Bergstrom  found  that  a soln.  of 
potassamide  in  liquid  ammonia  acts  very  slowly  or  not  at  all.  According  to 
C.  H.  Ehrenfeld,  when  molybdenum  is  heated  in  nitrous  oxide,  it  forms  molybdenum 
trioxide  ; and  likewise  also  with  nitric  oxide.  F.  Emich  said  that  with  finely-divided 
molybdenum  in  nitric  oxide,  at  the  beginning  of  a red-heat,  there  arc  formed  succes- 
sively Mo02,  Mo203,  Mo5012,  and  finally  Mo03.  C.  H.  Ehrenfeld  also  observed 
that  in  nitrogen  peroxide,  molybdenum  trioxide  is  formed.  J.  Feree  found  that 
pyrophoric  molybdenum  glows  in  nitrogen  peroxide,  forming  oxide  and  nitride. 

J.  J.  Berzelius,  and  C.  F.  Buchloz  observed  that  nitric  acid  attacks  molybdenum 
with  the  development  of  nitrous  fumes  ; with  a large  proportion  of  acid  molybdenum 
trioxide  is  formed  ; with  less  acid,  the  dioxide.  W.  Lederer  said  that  dil.  nitric  acid 
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does  not  attack  the  metal  immediately  in  the  cold,  but  with  the  hot  acid,  the  liquid  is 
coloured  yellow,  brown,  and  blue,  and  a protective  layer  of  molybdenum  trioxide 
forms  on  the  metal  ; with  cone,  nitric  acid  this  layer  is  formed  at  once — vide  supra, 
passive  molybdenum.  C.  Montemartini  observed  that  molybdenum  is  attacked  by  3 
to  70  per  cent,  acid  without  the  formation  of  ammonia.  . Cone,  acid  (70  per  cent.) 
attacks  the  metal  but  slowly  ; a much  more  vigorous  action  occurs  with  a less  cone, 
acid  (50  per  cent.),  and  a reddish  soln.  and  residue  are  obtained.  The  soln.  reduces 
permanganate,  so  that  the  metal  is  not  immediately  converted  into  molybdenum 
trioxide  by  50  per  cent,  acid,  but  a nitrate  is  first  formed  ; 70  per  cent,  acid  at  once 
gives  molybdenum  trioxide.  The  quantity  of  nitric  oxide  produced  in  the  reaction 
between  nitric  acid  and  molybdenum  decreases  as  the  cone,  of  the  acid  increases  ; 
nitric  peroxide  is  the  main  gaseous  product  with  50  per  cent.  acid.  Neither  nitrogen 
nor  nitrous  oxide  is  formed.  W.  Guertler  and  T.  Liepus  found  that  10  and  50  per 
cent.  HN03  have  no  action  on  molybdenum  in  8 hrs.,  and  similarly  with  aqua  regia. 
W.  E.  Ruder  said  that  cone,  nitric  acid  of  sp.  gr.  1-40  dissolves  molybdenum  slowly 
forming  molybdenum  trioxide, which  deposits  on  the  surface  of  the  metal  and  retards 
the  action  ; but  a more  dil.  acid  of  sp.  gr.  1-15  attacks  the  metal  rapidly.  Aqua 
regia  dissolves  the  metal  rapidly,  particularly  when  hot.  W.  Rohn  added  that  10 
per  cent,  nitric  acid  in  the  cold  dissolved  5-2  per  cent,  in  24  hrs.,  and  the  hot  acid, 
1-8  per  cent,  in  one  hour.  J.  J.  Berzelius,  C.  F.  Bucholz,  H.  Moissan,  and 
W.  Lederer  found  that  mixtures  of  sulphuric,  hydrofluoric,  or  hydrochloric  acid 
with  nitric  acid  quickly  attack  molybdenum.  L.  Marino,  and  W.  E.  Ruder  said 
that  molybdenum  is  rapidly  attacked  by  hot  aqua  regia.  F.  W.  Bergstrom  found 
that  the  metal  is  slightly  attacked  by  a soln.  of  ammonium  nitrate.  W.  Lederer, 
C.  G.  Fink,  and  H.  Moissan  found  that  fused  potassium  nitrate  oxidizes  molyb- 
denum rapidly  though  less  violently  than  the  fused  chlorate  ; and  similarly  with 
sodium  nitrate.  Purified  molybdenum  does  not  unite  with  phosphorus  at  the 
m.p.  of  glass.  When  the  metal  is  gently  heated  with  phosphorus  pentachloride, 
a volatile  chloride  is  formed  which  rapidly  acquires  a blue  colour  when  exposed  to 
moist  air.  Most  molybdenum  compounds  give  this  reaction  and  therefore  it  may 
be  used  as  a test  for  molybdenum.  W.  Rohn  found  that  a cold  10  per  cent,  of 
phosphoric  acid  dissolved  0-03  per  cent,  of  molybdenum  in  24  hrs.,  and  the  hot  acid, 
0-009  per  cent,  in  one  hour.  W.  Guertler  and  H.  Schaclc  found  that  if  a rod  of 
molybdenum  be  placed  in  a mass  of  fused  antimony  trisulphide,  it  dissolves  to  the 
disulphide  liberating  an  eq.  quantity  of  antimony. 

H.  Moissan  observed  that  when  a mixture  of  molybdenum  and  boron  is  heated 
in  the  electric  furnace,  a crystalline  boride  is  formed  ; and  silicon,  under  similar 
conditions,  furnishes  a crystalline  silicide.  When  the  metal  is  heated  with  carbon 
at  about  1500°,  it  undergoes  cementation,  and  becomes  hard  enough  to  scratch 
glass,  and  if  heated  at  300°  and  suddenly  cooled  in  water,  it  becomes  brittle  and 
will  still  scratch  glass.  If  carboniferous  molybdenum  is  heated  with  the  dioxide, 
at  a temp,  much  below  its  m.p.,  the  carbon  is  removed.  The  phenomenon  is  said 
to  be  connected  with  the  volatility  of  the  oxide.  The  reaction  with  carbon  was  also 
studied  by  G.  Tammann  and  K.  Schonert,  A.  Westgren  and  G.  Phragmen,  T.  Takei, 
and  K.  Nischk — vide  carbides.  W.  Lederer  also  observed  that  molybdenum 
becomes  harder  when  heated  with  carbon,  and  that  gaseous  hydrocarbons  are 
decomposed  with  the  separation  of  carbon.  S.  Hilpert  and  M.  Ornstein  found  that 
the  carbide  is  formed  when  the  powdered  metal  is  heated  at  600°-1000°  in  a mixture 
of  hydrogen  and  methane  (1:1);  E.  F.  Smith  and  V.  Oberholtzer  found  that 
carbon  monoxide  has  no  action  on  molybdenum  at  a red-heat ; but  S.  Hilpert  and 
M.  Ornstein  obtained  the  carbide  Mo2C  by  heating  the  powdered  metal  in  an  atm. 
of  carbon  monoxide,  and  J.  Feree  found  that  carbon  monoxide  acts  on  pyrophoric 
molybdenum  with  a slight  rise  of  temp.,  and  a sudden  glowing  of  the  metal  with 
the  absorption  of  oxygen  and  the  separation  of  carbon.  A.  Vandenberghe  observed 
that  molybdenum  (and  its  lower  oxides)  reduces  carbon  dioxide,  forming  carbon 
monoxide ; the  reaction  is  reversible : Mo+3C02?^3C0-|-Mo03,  since,  under 
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suitable  conditions,  the  trioxide  is  reduced  to  the  metal  by  carbon  monoxide. 
J.  Feree  found  that  pyrophoric  molybdenum  at  ordinary  temp,  acts  on  carbon 
dioxide  with  a slight  rise  of  temp.  W.  Guertler  and  T.  Liepus  observed  no  action 
on  molybdenum  by  water  sat.  with  carbon  dioxide  during  8 hrs.’  exposure.  S.  Meds- 
forth  studied  the  action  of  molybdenum  on  the  nickel  catalyst  in  the  hydrogenation 
of  carbon  monoxide  or  dioxide ; and  A.  Korczynsky,  in  reactions  with  organic 
compounds.  E.  F.  Smith  and  V.  Oberholtzer  observed  that  at  150°  to  200°, 
carbonyl  chloride  forms  a liquid  sublimate  which  yields  a gelatinous  mass  on  cooling 
- — it  is  a mixture  of  MoOCl4  and  Mo(CO)C14.  C.  Beindl  used  molybdenum 
as  catalyst  in  the  synthesis  of  hydrocyanic  acid  from  nitrogen,  hydrogen,  and 
carbon  monoxide  ; and  0.  Schmidt,  and  R.  Hocart,  as  a hydrogenation  catalyst. 
W.  Guertler  and  T.  Liepus  observed  no  reaction  during  48  hrs.’  exposure  of  the  metal 
to  soln.  of  citric  acid  and  tartaric  acid.  E.  W.  Engle  said  that  molybdenum  is 
markedly  attacked  by  the  weaker  organic  acids.  W.  Rohn  added  that  after  24  hrs.’ 
action  by  cold  10  per  cent,  acetic  acid,  0-02  per  cent,  of  metal  was  dissolved  ; 
whilst  0-003  per  cent,  dissolved  in  the  hot  acid  in  an  hour. 

The  alloys  of  molybdenum  with  the  metals  are  discussed  below.  J.  J.  Berzelius, 
and  C.  F.  Bucholz  found  that  a boiling  soln.  of  potassium  hydroxide  does  not 
oxidize  molybdenum  ; whilst  the  fused  hydroxide  slowly  attacks  the  metal,  and, 
according  to  J.  von  Liebig,  converts  it  into  the  trioxide.  W.  Guertler  and  T.  Liepus 
observed  no  reaction  with  less  than  8 hrs.’  exposure  to  10  and  50  per  cent.  NaOH. 
H.  Kuessner  found  that  molybdenum  goes  into  soln.  anodically  in  A-KOH  as 
sexivalent  molybdenum,  and  at  low  temp,  some  oxygen  is  evolved.  W.  E.  Ruder 
observed  no  action  by  soln.  of  potassium  hydroxide,  but  the  metal  is  soluble  in 
the  fused  alkali.  M.  Leblanc  and  0.  Weyl  observed  that  between  550°  and  660° 
fused  potassium  hydroxide  has  a slight  action  on  fused  potassium  hydroxide,  forming 
traces  of  potassium  and  hydrogen. 

E.  F.  Smith  and  co-workers  observed  that  molybdenum  precipitates  copper 
incompletely  from  soln.  of  copper  salts.  According  to  H.  Moissan,  silver  fluoride 
reacts  with  molybdenum  without  forming  volatile  products.  J.  S.  de  Benneville 
observed  that  molybdenum  dissolves  in  a soln.  of  silver  nitrate  with  the  separation 
of  silver,  and,  added  E.  F.  Smith  and  co-workers,  the  soln.  becomes  turbid  owing 
to  the  separation  of  molybdic  acid.  The  turbidity  is  not  produced  with  an  ammoni- 
acal  soln.  of  silver  oxide  Or  chloride.  The  reaction  is  quantitative,  one  gram-atom 
of  molybdenum  precipitates  six  gram-atoms  of  silver.  Hence,  in  the  case  of 
chloride,  the  dark  brown  soln.  must  contain  molybdenum  hexachloride.  This  is 
also  formed  with  a soln.  of  gold  chloride,  for  a gram-atom  of  molybdenum  preci- 
pitates two  gram-atoms  of  gold.  H.  Moissan  found  that  solid  zinc  fluoride  reacts 
with  molybdenum  without  forming  a volatile  product.  According  to  E.  F.  Smith 
and  co-workers,  soln.  of  cadmium  salts  are  not  affected  by  molybdenum.  Molyb- 
denum reduces  a neutral  soln.  of  mercuric  chloride  to  mercurous  chloride  and 
eventually  to  mercury.  W.  Guertler  and  T.  Liepus  observed  that  a 1 : 500  mercuric 
chloride  soln.  at  90°  is  stable  with  molybdenum  ; whilst  a magnesium  chloride  soln. 
does  not  attack  the  metal  in  8 hrs.  H.  Moissan  observed  that  the  reaction  with 
lead  fluoride  resembles  that  with  silver  fluoride.  E.  F.  Smith  and  co-workers 
observed  no  reaction  with  acidic,  neutral,  or  alkaline  soln.  of  lead  salts  ; nor 
is  there  any  reaction  with  bismuth  salts.  E.  F.  Smith  and  H.  C.  Burr,  and 
C.  H.  Ehrenfeld  found  that  molybdenum  reduces  ferric  chloride  to  the  ferrous  salt, 
and  from  the  amount  of  iron  reduced  it  follows  that  the  molybdenum  forms  the 
hexachloride.  E.  F.  Smith  observed  a partial  reduction  to  metal  with  soln.  of 
platinum,  palladium,  and  rhodium  salts. 

Some  reactions  of  analytical  interest. — General  observations  on  the  analysis 
of  mixtures  containing  molybdenum  were  made  by  A.  A.  Noyes  and  W.  C.  Bray,2 
and  E.  Knoevenagel  and  E.  Ebler.  A cone.  soln.  of  an  alkali  molybdate  gives  a 
white  precipitate  when  treated  with  dilute  acids.  The  precipitate  is  soluble  in 
excess.  According  to  F.  von  Kobell,3  0.  Maschke,  and  L.  Schonn,  if  a trace  of 
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a molybdenum  salt  mixed  with  cone,  sulphuric  acid  is  evaporated  nearly  to  dry- 
ness the  mass  is  coloured  intensely  blue.  If  antimony  or  tin  be  present,  the  mixture 
should  be  first  evaporated  to  dryness  with  phosphoric  acid  before  heating  it  with 
sulphuric  acid.  P.  Truchot  added  that  if  vanadic  acid  be  present,  a green  colour 
may  be  produced.  If  the  molybdenum  soln.  be  treated  with  hydrogen  sulphide, 
the  liquid  becomes  blue,  and  molybdenum  trisulphide  is  gradually  precipitated 
as  a brownish-black  solid  which  forms  a brown  soln.  with  alkali  or  ammonium 
sulphide.  The  trisulphide  is  reprecipitated  by  acids.  The  molybdenum  sulphide 
is  oxidized  by  hot  sulphuric  or  nitric  acid,  or  by  roasting  in  air,  to  white  molybdenum 
trioxide.  Molybdenum  sulphide  is  not  attacked  by  a soln.  of  oxalic  acid  whereas 
tin  sulphide  is  dissolved.  Hydrogen  and  ammonium  sulphides  act  similarly  on 
salts  of  the  lower  oxides  ; and,  it  might  be  added,  the  salts  of  the  lower  oxides 
furnish  precipitates  with  alkali  hydroxides  and  carbonates  which  are  soluble  in 
an  excess  of  the  carbonate  soln.  As  shown  bj  E.  Dohler,4  E.  H.  Miller,  etc.,  the 
precipitation  of  molybdenum  as  sulphide  from  acidic  soln.  by  hydrogen  sulphide 
atm.  press,  is  imperfect.  If  the  soln.  be  sat.  with  hydrogen  sulphide  and  heated 
in  a sealed  bottle  on  a water-bath,  the  precipitation  is  complete.  If  a soln.  of  a 
molybdate  be  treated  with  a reducing  agent — e.g.,  zinc  and  hydrochloric  or  sul- 
phuric acid,  stannous  chloride,  merpurous  nitrate,  ferrous  sulphate,  sodium  hypo- 
phosphite,  sulphur  dioxide,  etc. — the  liquid  is  coloured  blue,  then  green,  and  finally 
brown.  L.  A.  Munro  found  that  the  reaction  when  used  as  a test  for  tin  in  stannous 
chloride  is  sensitive  to  1 : 1,423,000.  According  to  E.  Kafka,5  if  to  the  neutral  soln. 
of  either  compound  is  added  a drop  of  sat.  soln.  of  mercurous  nitrate,  then  1 c.c. 
of  cone,  hydrochloric  acid,  and  further  an  excess  of  potassium  iodide,  a precipitate  of 
mercurous  iodide  will  form  and  redissolve,  mercury  will  deposit,  and  the  supernatant 
liquid  will  gradually  turn  blue — very  dil.  soln.  of  molybdic  acid  are,  however, 
not  affected.  To  distinguish  between  tungsten  and  molybdenum,  potassium 
thiocyanate  is  added,  when  in  the  case  of  molybdenum  the  blue  colour  will  change 
to  blood-red.  If  potassium  thiocyanate  be  added  to  an  acidic  soln.  of  a molyb- 
denum salt,  there  is  no  perceptible  change,  but  if  the  soln.  be  then  treated  with 
zinc,  stannous  chloride  soln.  or  hydrogen  sulphide,6  a blood-red  coloration  appears. 
Unlike  the  case  with  iron,  this  coloration  occurs  in  the  presence  of  phosphoric  acid. 
The  presence  of  tartaric  and  other  organic  acids  hinders  the  reaction.  If  the  red 
soln.  be  shaken  with  ether,  the  coloured  compound  passes  from  the  aq.  to  the 
ethereal  layer.  A few  drops  of  a soln.  of  sodium  phosphate  added  to  a nitric  acid 
soln.  of  a molybdate  slowly  furnishes  a yellow  precipitate  of  ammonium  phospho- 
molybdate.  The  precipitation  occurs  more  quickly  with  hot  soln.  Arsenates 
produce  an  analogous  precipitation.  Salts  of  the  lower  oxides  also  give  precipitates 
with  alkali  phosphate.  According  to  M.  Siewert,  molybdenum  compounds  give 
a red  or  plum  coloured  reaction  with  xanthie  acid.  S.  L.  Malowan  recommended 
applying  the  test  as  follows:  Absolute  alcoholic  potash  is  shaken  with  excess  of 
carbon  disulphide  until  no  more  of  the  latter  is  dissolved.  To  the  soln.  so  obtained, 
30  per  cent,  acetic  acid  is  added  until  it  shows  a slight  yellow  turbidity,  and  the 
reagent  is  added  drop  by  drop  to  the  soln.  to  be  tested.  If  molybdenum  is  present, 
an  intense  red  colour  develops,  which  is  quite  stable  in  water,  and  the  intensity 
of  which  is  proportional  to  the  quantity  of  molybdenum  present.  The  sensitiveness 
of  the  reaction  is  such  that  0-000005  grm.  of  molybdenum  in  0-0007  per  cent.  soln. 
can  be  detected  with  certainty  in  presence  of  other  elements.  The  coloured  product 
is  readily  soluble  in  ethyl  or  amyl  alcohol,  ether,  or  chloroform,  less  easily  in 
petroleum  and  benzene.  It  is  readily  extracted  from  its  reddish- violet  ethereal  soln. 
by  alkalies,  from  which  acids  precipitate  it.  The  ethereal  soln.  decomposes  on  keep- 
ing, with  formation  of  molybdenum  sulphide.  The  reaction  is  not  given  by 
vanadium,  tungsten,  titanium,  or  uranium  ; chromates  give  a dark  coloration 
with  xanthie  acid,  and  should  be  reduced,  if  present,  before  the  test  is  made.  The 
reaction  can  be  used  for  the  colorimetric  estimation  of  molybdenum,  th»  coloured 
product  being  extracted  with  a mixture  of  65  per  cent,  ether  and  35  per  cent,  light 
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petroleum,  and  a mixture  of  30  per  cent,  ether  and  70  per  cent,  light  petroleum 
used  for  dilution  for  comparison  with  the  standard  soln.  If  pure  ether  is  used, 
decomposition  takes  place  too  rapidly  for  accurate  determinations  to  be  made. 
The  process  was  studied  by  J.  Koppel,7  and  D.  Hall.  Neutral  soln.  of  molybdates 
give  with  mercurous  nitrate  a white  precipitate  soluble  in  nitric  acid  ; lead  acetate 
precipitates  white  lead  molybdate  soluble  in  nitric  acid  ; potassium  ferroycanide, 
in  a soln.  acidified  with  hydrochloric  acid,  gives  a reddish-brown  precipitate. 
Salts  of  the  lower  oxides  also  give  precipitates  with  potassium  ferrocyanide  and 
ferricyanide.  E.  Lecocq  obtained  an  indigo-violet  coloration  with  an  alcoholic 
soln.  of  diphenylcarbazide  ; L.  Spiegel  and  T.  A.  Maass,  and  M.  E.  Pozzi-Escot,  a 
wine-red  coloration  with  an  acetic  acid  soln.  of  phenylhydrazine  ; L.  Levy  observed 
a number  of  colour  reactions  with  alkaloids  ; E.  Kedesdy,  and  M.  E.  Pozzi-Escot, 
a brown  colour  with  tannin  ; and  many  other  colour  reactions  with  organic  sub- 
stances have  been  reported.  F.  Steidler  studied  the  colours  produced  by  molyb- 
denum salts  on  silk  dipped  in  turmeric  or  a-nitroso-/3-naphthol  with  a view  to 
the  microdetection  of  the  element.  J.  H.  Muller  8 found  that  salicylic  acid  gives 
a yellow  coloration  but  no  precipitate  with  soln.  of  the  alkali  molybdates. 
H.  J.  H.  Fenton  observed  a red  or  brown  colour  is  produced  by  molybdates  and 
dihydroxy  maleic  acid;  and  J.  H.  de  Boer,  a violet  coloration  with  alizarinsulphonic 
acid.  Like  titanic  acid  soln.,  molybdates  give  a yellowish  colour  with  hydrogen 
dioxide. 

Some  uses  of  molybdenum. — Several  patents  have  been  taken  for  the  use  of 
molybdenum  filaments  in  the  incandescent  lamp  industry.9  The  Gebriider  Siemens 
u.  Co.  used  molybdenum  as  an  ingredient  in  the  preparation  of  arc-light  electrodes. 
Preparations  of  molybdenum  have  been  recommended  in  photographic  work  ; 10 
in  dyeing  11  silks,  woollens,  and  leather,12  and  rubber ; in  the  preparation  of  blue 
colours,13  and  for  producing  red  and  yellow  pottery  glazes  and  glasses  14  for  colour- 
ing artificial  emeralds  ; 15  and  as  a catalytic  agent  in  chemical  operations  16  molybdic 
acid  has  been  tried  as  a depolarizing  agent  in  place  of  nitric  acid  ; 17  various  com- 
pounds are  used  as  chemical  reagents  ; and  as  a preservative  for  smokeless  powder 
in  hot  climates.18  Molybdenum  trisulphide  has  been  recommended  as  a solder  for 
lamp-filaments.19  Molybdenite  is  used  as  a rectifier  in  wireless  telegraphy.  Molyb- 
denum wire  has  been  recommended  as  resistance  wire  in  electric  furnaces.20  It  is 
used  as  a substitute  for  platinum  and  platinum-iridium  alloys  21  in  various  make- 
and-break  contact  devices  ; in  dentistry  ; in  the  manufacture  of  X-ray  tubes  ; 
and  as  a wire  for  supporting  the  filaments  of  incandescent  lamps,22  and  as  a support 
for  refractory  materials.23  The  most  important  application  of  molybdenum  is  in 
the  preparation  of  alloys,  and  particularly  of  special  steels — molybdenum  steels. 
When  compared  with  other  alloy-steels,  and  tempered  by  heat  to  the  same  tensile 
strength,  A.  H.  Hunter 24  said  that  molybdenum  steels  have  a slightly  higher 
elastic  limit,  and  elastic  ratio  ; a higher  elongation  or  greater  ductility ; and  a 
higher  reduction  of  area  or  greater  toughness.  The  molybdenum  steels  are  used 
for  motor-car  frames,  shafts,  and  rods  for  motor-cars,  and  aeroplanes ; high- 
pressure  boiler-plates,  linings  for  big-guns  ; rifle  barrels  ; armour  plate  and  armour- 
piercing  projectiles  ; steel-balls  for  grinding  mills  ; permanent  magnets  ; etc. 
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§ 6.  The  Atomic  Weight  and  Valency  of  Molybdenum 

The  valency  of  molybdenum  has  been  discussed  by  H.  Kauffmann.1  In  many 
ways  the  valency  of  molybdenum  is  analogous  with  that  of  chromium.  The 
element  appears  to  be  bivalent  in  the  dichloride,  but,  according  to  W.  Muthmann 
and  W.  Nagel,  this  valency  is  disguised  by  the  polymerization  of  the  salt  to  Mo3C16. 
Molybdenum  is  probably  tervalent  in  Mo203,  Mo(OH)3,  MoC13,  etc.  G.  Carobbi 
discussed  the  isomorphism  of  tervalent  iron  and  molybdenum  salts.  According  to 
A.  Rosenheim,  the  complex  thiocyanate,  Mo(SCy)3.3KSCy.4H20,  is  analogous  to 
the  corresponding  chromium  salt.  It  is  probable  that  the  element  is  quadrivalent 
in  the  dioxide,  Mo02 ; the  tetrachloride,  MoC14  ; the  complex  oxalates  of 
H.  M.  Spittle  and  W.  Wardlaw ; and  the  MoCl4.6PyHCl  of  J.  Sand  and 
A.  K.  H.  Burger.  When  MoCy4.4KCy.2H20  is  titrated  with  potassium  per- 
manganate, A.  Rosenheim  said  that  it  consumes  as  much  oxygen  as  if  the  salt 
were  quinquevalent.  The  element  is  quinquevalent  in  MoC15,  in  the  complex 
salt  MoOCl3.2RbCl,  and  in  the  oxide  Mo205  of  P.  Klason,  and  I.  Nordenskjold. 
In  the  molybdenum  hexafluoride  of  O.  Ruff  and  F.  Eisner,  the  element  is  probably 
sexivalent,  and  this  is  possibly  also  the  case  with  the  compounds  MoOF4  and  Mo02F2, 
as  well  as  with  the  trioxide,  Mo03,  and  the  molybdates.  W.  Muthmann  and 
W.  Nagel  also  consider  that  the  element  is  sexivalent  in  the  permolybdates,  but, 
possibly,  it  is  septivalent  in  these  compounds — vide  infra.  L.  Pauling  discussed 
the  co-ordination  number. 
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Molybdenum  compounds  were  analyzed  by  M.  II.  Klaproth,2  and  C.  F.  Bucholz, 
and  from  these  results,  J.  J.  Berzelius  inferred  that  the  sulphide  has  the  mol.  ratio 
Mo  : S=1  : 2,  and  molybdic  anhydride  Mo  : 0=1  : 3,  using  the  present-day  system 
of  at.  wts.  He  also  said  that  chromic  and  molybdic  anhydrides  have  a similar 
composition.  This  conclusion  makes  the  at.  wt.  of  molybdenum  approximate 
to  96.  This  is  in  agreement  with  H.  Debray’s  observation  on  the  density 
of  molybdenum  pentachloride,  and  of  A.  Vandenberghe  on  the  vap.  density  of 
molybdenum  trioxide.  It  is  also  in  agreement  with  W.  Muthmann  and  W.  Nagel’s 
observations  on  the  mol.  wt.  of  Mo3C16  from  its  effect  on  the  b.p.  of  alcohol ; and 
with  A.  Vandenberghe’s  observation  on  the  mol.  wt.  of  the  pentachloride  from  its 
effect  on  the  b.p.  of  carbon  tetrachloride,  and  with  the  mol.  wt.  of  MoO(OH)2C12 
from  its  effect  on  the  b.p.  of  alcohol,  acetone,  and  ether.  The  at.  wt.  96  also  fits 
in  with  the  sp.  ht.  rule  at  ordinary  temp. — vide  supra  ; it  also  fits  in  with  the 
isomorphism  observed  by  J.  G.  Gentele,  and  R.  Funk  with  the  sulphates,  chromates, 
selenates,  and  molybdates,  and  the  isomorphism  observed  by  F.  Ullik  with  the 
ammonium  magnesium  complex  salts  ; with  the  chemical  equivalent  observed  by 

E.  F.  Smith  in  the  precipitation  of  silver  or  gold  salts  by  molybdenum  ; and  with 
the  electrochemical  equivalent  observed  by  L.  Marino,  and  H.  Kuessner.  The 
position  assigned  to  molybdenum  in  the  periodic  table  of  at.  wts.  is  also  in  harmony 
with  the  at.  wt.  96  ; and  the  same  remark  applies  to  the  at.  number  obtained  by 
H.  G.  J.  Moseley,  and  J.  Maimer  from  the  frequency  of  the  X-ray  spectral  rays. 

For  the  at.  wt.  of  molybdenum,  J.  J.  Berzelius  calculated  95  from  the  ratio 
Pb(N03)2  : PbMo04.  In  1837,  H.  Rose  made  an  unsatisfactory  attempt  to  calculate 
the  at.  wt.  from  the  ratio  Mo  : 5C1 ; M.  Delafontaine  also  obtained  some  unsatisfac- 
tory results  in  1865.  L.  von  Meyer  calculated  96-2  from  L.  P.  Liechti  and  B.  Kempe’s 
analyses  of  the  molybdenum  chlorides.  In  1848,  L.  F.  Svanberg  and  H.  Struve 
calculated  92  from  the  ratio  Mo03  : C02  ; and  93  to  95  from  the  ratio  MoS2  : Mo03. 
N.  J.  Berlin  obtained' 96-5  from  the  ratio  3(NH4)2Mo04.4H2Mo04 : Mo03  ; 0.  F.  von 
der  Pfordten,  96-1  from  the  ratio  3(NH4)2Mo04.4H2Mo04  : Mo  ; E.  F.  Smith  and 
P.  Maas,  96-03  from  the  ratio  Na2Mo04  : 2NaCl ; and  K.  Seubert  and  W.  Pollard, 
95-92  from  the  ratio  2AgCl : Mo03.  J.  B.  A.  Dumas  calculated  from  the  ratio 
Mo  : Mo03,  95-9  ; H.  Debray,  95-4  ; C.  F.  Rammelsberg,  96-2  ; K.  Seubert  and 
W.  Pollard,  95-97  ; A.  Vandenberghe,  96-06  ; and  J.  H.  Muller,  96-02  to  96-05. 

F.  W.  Clarke  computed  96-029  for  the  best  representative  value  for  date  up  to 
1910 ; and  J.  Meyer,  96-04  up  to  1919.  The  International  Table  for  1926  gave  96 
for  the  best  representative  value. 

The  atomic  number  is  42.  F.  W.  Aston  3 found  that  molybdenum  has  seven 
isotopes  with  mass  numbers,  and  approximate  proportions  respectively  92  and  14-2  ; 
94  and  10-0  ; 95  and  15-5  ; 96  and  17-8  ; 97  and  9-6  ; 98  and  23-0  ; and  100  and 
9-8.  The  packing  fractions  of  Mo98  and  Mo100  are  both  approximately  —5-5  giving 
an  at.  wt.  of  95-97.  M.  Gerber  considers  that  his  neomolybdenum — vide  supra — 
is  an  isotopic  form.  N.  Bohr’s  view  of  the  electronic  structure  is  symbolized 
(2)  for  the  K-shell  ; (4,  4)  for  the  L-shell ; (6,  6,  6)  for  the  M-shell  ; (4,  4,  4)  for  the 
N-shell  ; and  (2)  for  the  O-shell.  The  subject  was  studied  by  O.  Feussner, 
R.  Ladenburg,  H.  Lessheim  and  R.  Samuel,  C.  D.  Niven,  J.  N.  Frers,  J.  D.  M.  Smith, 
and  E.  C.  Stoner.  According  to  E.  Rutherford  and  J.  Chadwick,  and  H.  Pettersson 
and  G.  Kirsch,  the  atomic  disruption  of  molybdenum  by  a-particles  has  not  yet 
been  proved.  The  subject  was  discussed  by  G.  I.  Podrowsky. 
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§ 7.  Alloys  and  Intermetallic  Compounds  of  Molybdenum 

Alloys  of  molybdenum  with  some  of  the  metals  have  been  prepared  by  the 
fusion  of  the  mixed  metals,  by  reducing  the  mixed  oxides  in  the  electric  furnace 
(C.  L.  Sargent !),  or  by  the  alumino-thermite  process  (A.  Stavenhagen  and 
E.  Schuchard). 

L.  Rolla  and  G.  Piccardi  studied  the  ionization  produced  by  mixtures  of 
molybdenum  and  sodium.  L.  P.  Hamilton  and  E.  F.  Smith  reported  that  a 

molybdenum  and  copper  alloy  can  be  formed  by 
heating  a mixture  of  the  two  metals  in  an  electric 
furnace  at  1600°,  but  their  product  contained  78-53 
per  cent.  Cu  ; 8-53,  Mo  ; 2-71,  Fe ; 2-42,  C ; and 
8-02,  gangue.  W.  Lederer  also  prepared  cupro- 
molybdenum  as  indicated  above,  but  C.  L.  Sargent 
could  not  get  copper  to  alloy  directly  with  molyb- 
denum. According  to  L.  F.  Dreibholz,  if  purified 
metals  are  employed  no  alloy  is  formed.  The 
elements  are  immiscible.  He  considers  that  the 
thermal  diagram  of  the  two  elements  has  the  form 
shown  in  Fig.  8.  L.  Jordan  and  co-workers  ob- 
served that  Silver  does  not  alloy  with  molybdenum ; 
but,  added  L.  F.  Dreibholz,  at  1600°,  it  may  dis- 
solve about  5 per  cent,  of  molybdenum — this  is  re- 
jected during  solidification.  There  is  no  evidence 
of  molybdenum  dissolving  silver  at  1600°  ; at  this 
temp.,  globules  of  molybdenum  float  in  the  silver. 
Similarly  with  gold,  L.  F.  Dreiholz  observed  that  a little  molybdenum  may  be  dis- 
solved at  1500°,  but  on  solidification  the  molybdenum  is  rejected.  No  alloys  with 
the  alkaline  earths,  or  with  beryllium  have  been  prepared.  N.  J.  Tram  found 


2600 


2400 


2200 


2000 


/ 800 


/ 600 


/m 


/ 2 00 


2000 


J 

r: 

! 24j 

0 

d 

\ 

\ 

1 

2080 

o 

_L 

20  40  60  6 

Per  cent  Mo 


W0 


Fig.  8. — Freezing-point  Curves 
of  the  System  : Mo-Cu. 


MOLYBDENUM 


523 


that  magnesium  reacts  explosively  when  heated  with  molybdenum  trioxide,  and  he 
added  that  the  product  develops  hydrogen  when  treated  with  water.  Alloys  of 
molybdenum  and  zinc,  or  with  cadmium,  have  not  been  formed.  G.  Tammann 
and  J.  Hinniiber  found  the  solubility  of  molybdenum  in  mercury  to  be  too 
small  for  measurement.  A.  S.  Russell  and  co-workers  found  that  between  10-5  to 
5 X 10-5  grm.  per  gram  of  mercury  passes  into  soln.  at  room  temp.  G.  Tammann 
and  J.  Hinniiber,  A.  Chilesotti,  and  R.  E.  Myers  obtained  molybdenum  amalgams 
by  the  electrolysis  of  acidic  soln.  of  molybdic  acid  with  a mercury  cathode.  Accord- 
ing to  J.  Feree,  hydrochloric  acid  of  sp.  gr.  1*18,  sat.  with  molybdic  acid,  is  diluted 
with  nine  times  its  vol.  of  water,  and  electrolyzed  with  a mercury  cathode  and  a 
platinum  anode,  the  current  being  about  5 amperes  for  each  sq.  cm.  of  mercury 
surface.  After  some  time,  the  mercury  is  dried  and  filtered  through  chamois 
leather,  when  it  yields  a solid  amalgam,  molybdenum  enneamercuride,  MoHg9, 
which  is  but  slightly  affected  by  moist  air.  When  it  is  subjected  to  a press,  of 
200  grms.  per  sq.  cm.,  it  yields  another  amalgam,  molybdenum  dimercuride, 
MoHg2,  and  if  this  is  broken  up  and  again  compressed,  it  yields  a third  compound, 
molybdenum  hemitrimercuride,  Mo2Hg3,  which  alters  rapidly  in  moist  air.  The 
decomposition  of  the  amalgams  under  pres&.  is  the  inverse  of  the  phenomenon 
observed  by  W.  Spring — 1.  13,  17.  A.  S.  Russell  found  that  the  order  of  the 
removal  of  metals  from  amalgams  by  oxidizing  agents  is  Zn,  Cu,  Cr,  Fe,  Mo,  Co, 
Hg,  Ni,  and  W. 

Alloys  of  molybdenum  and  aluminium  were  prepared  by  F.  Wohler  and 
F.  R.  Michel,  H.  Moissan,  H.  Reimann,  and  H.  Schirmeister.  H.  Reimann  worked 
with  molybdenum  disulphide  in  place  of  the  tri- 
oxide. C.  Combes  was  not  very  successful  in 
preparing  alloys  by  the  action  of  aluminium  on 
molybdenum  chloride  and  sulphides.  According 
to  L.  Guillet,  alloys  are  obtained  by  the  alumino- 
thermite  process,  and  from  the  elements.  Mixtures 
of  5 gram-atoms  of  molybdenum,  as  Mo03,  and 
one  gram-atom  of  aluminium  furnish  molybdenum 
icositaluminide,  A1Mo20,  in  well-formed  crystals 
which  develop  no  gas  with  hydrochloric  acid ; 
molybdenum  tetritaluminide,  Mo4Al,  from  2 gram- 
atoms  of  molybdenum  and  one  gram-atom  of 
aluminium,  the  crystals  are  not  attacked  by  hydro- 
chloric acid.  With  the  atomic  proportions  Mo  : A1 
=1:3  fibrous  crystals  of  molybdenum  aluminide, 

AlMo,are  formed;  whilst  1 : 1-mixtures  furnish  crystals  of  molybdenum  dialuminide, 
A12Mo.  L.  Guillet  obtained  molybdenum  tetraluminide,  AI4M0,  in  lamellar  crystals 
from  the  1 : 1 mixture  ; and  F.  Wohler  and  F.  R.  Michel,  from  a mixture  of  dry 
molybdenum  fluoride,  cryolite,  potassium  sodium  chloride,  and  aluminium  in  the 
proportions  1 : 2 : 2 : 1.  The  microscopic  prisms  are  black,  or  iron-grey.  They  are 
soluble  in  hot  hydrochloric  or  nitric  acid.  L.  Guillet  prepared  crystal  aggregates 
of  molybdenum  heptaluminide,  AI7M0,  by  reducing  molybdenum  trioxide  with 
a large  excess  of  aluminium.  There  is  here  nothing  to  show  that  any  of  these 
products  is  a chemical  individual.  H.  Reimann  said  that  it  is  highly  probable 
that  molybdenum  tritaluminide,  Al3Mo,  exists  as  a chemical  compound ; and  he 
gave  Fig.  9 as  a probable  equilibrium  diagram  for  mixtures  with  up  to  50  per  cent, 
of  molybdenum. 

Alloys  of  molybdenum  with  thallium  or  with  tin  have  not  been  reported. 
L.  Rolla  and  C.  Piccardi  studied  the  ionization  produced  by  mixtures  of  thallium 
and  molybdenum.  P.  J.  Hjelm  said  that  lead  alloyed  with  a little  molybdenum 
is  whiter  and  harder  than  ordinary  lead,  whilst  with  more  molybdenum,  the  alloy 
becomes  black  and  brittle.  A.  Stavenhagen  and  E.  Schuchard  obtained  an  alloy 
by  the  alumino-thermite  process  ; but  L.  Ott  did' not  obtain  it  by  the  electrolysis 
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of  a molten  mixture  of  sodium  carbonate  and  molybdate  by  means  of  a molten  lead 
cathode. 

J.  J.  Boericke  prepared  alloys  of  molybdenum  and  vanadium  made  by  reducing 
a mixture  of  a molybdenum  or  vanadium  compound  with  aluminium  in  the  presence 
of  the  alloying  metal  and  a large  quantity  of  an  indifferent  flux.  W.  von  Bolton 
obtained  alloys  with  tantalum.  W.  Lederer,  C.  L.  Sargent,  and  E.  Haynes  found 
that  alloys  of  chromium  and  molybdenum  can  be  readily  prepared.  The  alloys 
were  discussed  by  W.  Guertler.  E.  Siedschlag  found  that  molybdenum  dissolves 
readily  in  molten  chromium  until  the  mass  contains  25  per  cent,  of  the  former  ; in 
investigating  alloys  richer  in  molybdenum,  the  finely-powdered  metals  were  mixed 
and  compressed  into  briquettes,  which  were  then  heated,  but  for  proportions  of 
molybdenum  above  50  per  cent.,  the  initial  solidification  temp,  could  not  be 
measured.  The  curve,  Fig.  10,  shows  a eutectic  at  1460°,  22-7  per  cent.  Mo.  The 
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Fig.  10. — Freezing-point  Curve 
of  the  Mo-Cr  Alloys. 


Fig.  1 1 . — Fusion  Curves  on  the 
Ternary  System  : Cr-Mo-Cu. 


liquid  is  homogeneous,  but  no  mixed  crystals  are  formed  below  22-  t per  cent.  Mo, 
the  solid  consisting  of  chromium  crystals  and  the  eutectic  mixture  ; above  this 
proportion,  the  solid  consists  of  Mo  crystals  containing  2-5  per  cent.  Cr,  and  the 
eutectic.  The  alloys  are  not  likely  to  be  mechanically  useful ; those  rich  in  Cr 
cut  glass  with  remarkable  ease.  The  system  copper-molybdenum  is  heterogeneous 
in  both  the  liquid  and  solid  states,  whilst  chromium  and  copper  form  no  mixed 
crystals,  and  are  only  partly  miscible  in  the  liquid  state.  In  the  ternary  system, 
Cu-Cr-Mo,  the  three  metals  remain  separate  in  the  solid  state.  When  electrolytic 
copper  is  melted  with  powdered  chromium  and  molybdenum,  no  mixed  crystals 
can  be  detected  ; the  solids  consist  of  the  three  metals  with  the  Cr-Cu,  and  the 
Cr-Mo  eutectics.  Alloys  of  copper  with  up  to  38  per  cent,  of  Cr  should  dissolve 
up  to  8 per  cent,  of  Mo,  whilst  chromium-molybdenum  mixtures  should  dissolve 
up  to  7 per  cent,  of  copper. 
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§ 8.  Molybdenum  and  Molybdic  Oxides 

According  to  J.  J.  Berzelius,1  molybdenum  monoxide,  or  molybdous  oxide, 

MoO,  is  formed  as  a purple  or  violet  powder  when  zinc  and  hydrochloric  acid  are 
allowed  to  act  for  a long  time  on  fused  or  sublimed  molybdenum  trioxide  ; but  the 
product  is  probably  molybdic  oxide.  W.  Muthmann  and  W.  Nagel  could  not 
prepare  this  oxide.  C.  W.  Blomstrand  thought  that  molybdous  hydroxide, 
Mo(OH)2,  is  formed  as  a black  solid  by  the  action  of  cone,  potash-lye  on  molybdenum 
dibromide,  but  he  later  represented  it  as  Mo3(OH)6.  W.  Muthmann  and  W.  Nagel 
found  that  the  hydrogen  is  given  off  while  the  black  precipitate  is  being  formed, 
and  they  find  that  it  is  molybdic  hydroxide,  Mo(OH)3.  The  same  product  is 
obtained  by  the  action  of  potash-lye  on  molybdenum  dihydroxytetrabromide, 
Mo3(OH)2Br4+4KOJf-f  3H20=3Mo(0H)3-|-4KBr+3H.  This  makes  it  doubtful 
if  a bivalent  molybdenum  compound  has  yet  been  prepared. 

What  J.  J.  Berzelius  2 called  molybdous  oxide  was  shown  by  C.  W.  Blomstrand, 
and  C.  F.  Rammelsberg  to  be  hydrated  molybdic  oxide,  or  molybdenum  sesquioxide, 
or  molybdenum  hemitrioxide,  Mo203.  J.  J.  Berzelius  obtained  the  hydrated 
oxide  by  the  action  of  reducing  agents  on  a soln.  of  a molybdenum  salt  or  of 
molybdic  acid.  Thus,  by  treating  a hydrochloric  acid  soln.  of  molybdenum  chloride, 
standing  over  mercury,  with  liquid  potassium  amalgam,  added  drop  by  drop,  the 
soln.  becomes  greenish,  and  then  black  and  opaque.  As  soon  as  the  oxide  begins 
to  separate,  the  soln.  is  decanted,  and  the  hydroxide  is  precipitated  by  ammonia, 
washed,  dried  over  sulphuric  acid  in  vacuo,  and  heated  out  of  contact  with  air. 
If  an  excess  of  hydrochloric  acid  be  not  present,  a higher  dark  brown  oxide  is 
precipitated  instead  of  the  black  molybdic  oxide.  As  indicated  above,  this  oxide 
was  also  obtained  by  the  prolonged  action  of  hydrochloric  acid  and  zinc  on  fused 
or  sublimed  molybdenum  trioxide  ; and  also  by  the  action  of  zinc  on  a cone,  soln 
of  ammonium  or  alkali  molybdate  in  an  excess  of  hydrochloric  acid  so  that  the 
molybdic  acid  first  precipitated  is  redissolved.  The  soln.  becomes  blue,  then 
reddish-brown,  and  finally  black.  It  is  then  poured  off  the  zinc  and  mixed  with 
enough  aq.  ammonia  to  precipitate  the  molybdic  oxide  alone.  The  precipitate 
is  washed  with  dil.  aq.  ammonia  to  remove  the  zinc  oxide,  and  afterwards  with  cold 
water.  It  is  then  pressed,  dried  over  sulphuric  acid  in  vacuo,  and  heated  out  of 
contact  with  air.  M.  Guichard  found  that  the  hydrated  form  alone  exists  because, 
when  the  black  product  Mo(OH)3  is  dehydrated,  internal  oxidation  occurs,  and  the 
composition  is  not  Mo203.  Modifications  of  this  process  were  used  by  J.  Sopp, 
A.  Atterberg,  C.  F.  Rammelsberg,  A.  C.  Chapman  and  H.  D.  Law,  D.  L.  Randall, 
M.  Guichard,  A.  Chilesotti,  A.  Werncke,  F.  Pisani,  andl.  Macagno.  C.  W.  Blomstrand 
used  magnesium,  zinc,  or  zinc  coated  with  cadmium,  and  sulphuric  or  hydrochloric 
acid,  washing  out  the  zinc  salts  by  very  dilute  hydrochloric  acid.  F.  von  Kobell 
boiled  lead  molybdate  with  hydrochloric  acid  and  copper ; C.  F.  Rammelsberg, 
and  H.  Hirzel  used  ammonium  molybdate  or  molybdic  acid.  C.  Paal  and 
H.  Biittner  found  that  the  reduction  of  ammonium  molybdate  by  colloidal  palladium 
at  ordinary  temp,  yields  hydrated  molybdenum  dioxide,  but  at  50°  to  60°,  under 
a slight  press.,  hydrated  molybdic  oxide  is  formed.  If  the  reduction  occurs  in  the 
presence  of  a protective  colloid — sodium  protalbinate — colloidal  molybdenum 
trihydroxide  is  formed.  L.  F.  Svanberg  and  H.  Struve  obtained  this  oxide  by 
heating  molybdenum  trioxide  in  dry  hydrogen — -vide  supra,  the  preparation  of 
molybdenum- — und  E.  F.  Smith  and  W.  S.  Hoskinson,  E.  T.  Wherry  and  E.  F.  Smith, 
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and  E.  F.  Smith  obtained  molybdic  hydroxide,  Mo203.3H20,  or  Mo(OH)3,  by  the 
electrolysis  of  a neutral  soln.  of  ammonium  molybdate,  or  a soln.  acidified  with 
sulphuric  acid.  J.  J.  Berzelius,  and  C.  W.  Blomstrand  also  obtained  the  hydrated 
oxide  by  adding  potash-lye  to  a soln.  of  molybdenum  dichloride  or  dibromide,  and 
W.  Muthmann  and  W.  Nagel  found  that  hydrogen  is  simultaneously  evolved. 

Molybdic  oxide  is  pitch-black,  and  is  slowly  oxidized  by  exposure  to  air.  In 
some  cases  J.  J.  Berzelius  observed  that  when  heated  in  vacuo,  it  may  show  a feeble 
calorescence — vide  5.  33,  10.  P.  Sabatier  and  J.  B.  Senderens  found  that  when 
heated  to  about  500°  in  nitrous  oxide,  it  yields  a mixture  of  molybdenum  dioxide, 
and  trioxide  ; and  in  nitric  oxide,  molybdenum  dioxide.  J.  J.  Berzelius  observed 
that  it  is  insoluble  in  soln.  of  potassium  hydroxide,  ammonia,  or  ammonium  car- 
bonate. Acids  do  not  dissolve  the  anhydrous  oxide  ; and  the  hydroxide  is  dissolved 
with  difficulty  to  form  molybdic  salts.  F.  Isambert  said  that  soln.  of  the  oxide  in 
acids  are  black.  The  salts  of  tervalent  molybdenum  were  studied  by  F.  A.  Gooch 
and  0.  S.  Pulman,  F.  Pisani,  C.  F.  Rammelsberg,  and  W.  Wardlaw  and  W.  H.  Parker. 

G.  Unger,  G.  Reissaus,  and  E.  Muller  studied  the  electrometric  oxidation  of  soln. 
of  tervalent  molybdenum  with  permanganate.  R.  Montequi,  and  J.  Koppel 
prepared  compounds  with  the  xanthates — e.g.  (C2H50CS2)4Mo203. 
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§ 9.  Intermediate  Oxides — Mo02  to  Mo03 

C.  F.  Bucholz  1 prepared  molybdenum  dioxide,  Mo02,  by  gently  heating  the 
metal  for  a short  time  in  air ; and  J.  J.  Berzelius  found  that  the  lower  oxide,  free 
from  zinc  oxide,  burns  with  a feeble  glow  when  it  is  heated  in  air.  L.  F.  Svanberg 
and  H.  Struve  obtained  this  oxide  by  heating  molybdenum  trioxide  ; and  H.  Rose, 
and  L.  F.  Svanberg  and  H.  Struve,  by  heating  ammonium  molybdates. 
C.  F.  Rammelsberg  said  that  the  product  is  not  homogeneous.  C.  F.  Bucholz 
also  heated  ammonium  molybdate  in  a covered  crucible,  and  J.  J.  Berzelius  added 
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that  the  dioxide  so  produced  is  contaminated  with  molybdenum  trioxide  which  can 
be  removed  by  potash-lye,  or  by  hydrofluoric  acid.  According  to  E.  Uhrlaub, 
this  product,  as  well  as  that  obtained  by  J.  J.  Berzelius — by  igniting  in  a covered 
crucible  a mixture  of  sodium  molybdate  and  ammonium  chloride,  and  washing 
the  products  with  water — contains  Strides  (q.v.).  The  dioxide  was  also  obtained 
by  L.  F.  Svanberg  and  H.  Struve,  D.  K.  Tuttle,  N.  J.  Berlin,  W.  Muthmann,  and 

M.  Guichard  by  heating  a mixture  of  ammonium  molybdate  and  molybdenum 
trioxide,  or  a mixture  of  sodium  molybdate  and  ammonium  chloride,  and  washing 
the  residue  with  aq.  ammonia,  and  then  with  hydrochloric  acid.  F.  Mauro  and 

R.  R.  Panebianco  obtained  crystals  of  the  dioxide  by  heating  a mixture  of 
14-4  grms.  Mo03,  14  grms.  K2C03,  and  7 grms.  B203  for  3 or  4 hrs.  at  a high  temp., 
and  washing  the  cold  mass  successively  with  aq.  ammonia,  water,  hydrochloric 
acid,  and  water.  W.  Muthmann  obtained  the  dioxide  by  fusing  a mixture  of 
anhydrous  ammonium  molybdate,  molybdenum  trioxide,  potassium  carbonate, 
and  boric  acid  in  the  proportions  8 : 7 : 14  : 7 by  weight.  H.  Debray  obtained  an 
oxide,  possibly  the  dioxide,  by  heating  molybdenum  trioxide  in  a mixture  of  steam 
and  hydrogen.  L.  P.  Liechti  and  B.  Kempe  reduced  the  trioxide  to  dioxide  by 
heating  it  in  a current  of  hydrogen.  M.  Guichard  studied  the  equilibrium  con- 
ditions in  the  balanced  reaction : Mo-|-2H20;=^Mo02-f-2H2-— vide  supra.  C.  Friedheim 
and  M.  K.  Hoffmann  also  reduced  molybdenum  trioxide  with  hydrogen  at  450°, 
and  removed  the  unchanged  trioxide  as  volatile  oxychloride  by  heating  the 
product  in  a current  of  hydrogen  chloride.  H.  Debray  also  used  a mixture  of  carbon 
monoxide  and  dioxide  as  the  reducing  agent.  L.  F.  Svanberg  and  H.  Struve  obtained 
the  dioxide  by  heating  to  redness  for  several  hours  an  alkali  molybdate  in  hydrogen 
and  washing  the  product ; F.  Ullik  heated  a mixture  of  sodium  trimolybdate  and 
zinc,  and  washed  product  with  a soln.  of  potassium  hydroxide  and  then  with 
hydrochloric  acid.  C.  Paal  and  H.  Biittner  reduced  ammonium  molybdate  with 
colloidal  palladium  at  ordinary  temp,  and  obtained  molybdenum  dioxide. 
W.  Piittbach  obtained  the  dioxide  by  heating  molybdenum  dioxydichloride  in 
carbon  dioxide  or  in  hydrogen  ; and  E.  Friederich  and  L.  Sittig  by  heating  to  about 
1200°  a mixture  of  4-8  grms.  of  molybdenum  powder  and  14-4  grms.  of  molybdenum 
trioxide.  H.  Buff,  and  M.  Guichard  obtained  the  dioxide  by  the  electrolysis  of 
fused  molybdenum  trioxide,  or  potassium  molybdate  ; and  L.  Ott,  by  the  electro- 
lysis of  molten  sodium  or  barium  molybdate  using  a high  current  density. 

Analyses  in  agreement  with  the  formula  Mo02  were  made  by  J.  J.  Berzelius, 
C.  F.  Bucholz,  F.  Ullik,  and  M.  Guichard.  Molybdenum  dioxide  is  described  by 
L.  F.  Svanberg  and  H.  Struve  as  a brownish-black  powder ; L.  Ott,  as  a violet 
crystalline  powder  ; and  F.  Ullik,  as  forming  dark  bluish-violet  prisms  which  appear 
pale  violet-red  in  transmitted  light.  F.  Mauro  and  R.  R.  Panebianco  said  that  the 
bipyramidal  crystals  are  tetragonal  with  the  axial  ratio  a : c— 1:0-5774;  but 

S.  Stevanovic  showed  that  the  pseudotetragonal  crystals  are  monoclinic  prisms  with 
the  axial  ratios  a : b : c=09869  : 1 : 0-5765,  and  /3=91°  34'.  V.  M.  Goldschmidt 
and  co-workers,  M.  L.  Huggins,  and  L.  Pauling  discussed  the  lattice-structure. 
The  X-radiogram  shows  that  the  space-lattice  is  of  the  rutile-type  with  a=4-86  A., 
and  c=2-79  A.,  so  that  a : c= 1 : 0-573.  S.  Stevanovic  gave  for  the  sp.  gr.  6-34  , 
and  F.  Mauro  and  R.  R.  Panebianco,  6-44.  W.  Biltz  studied  the  mol.  vol. 

N.  Parravano  and  G.  Malquori  gave  for  the  dissociation  press.,  log  p= — 27-843  at 
600°.  W.  G.  Mixter  gave  142-8  Cals,  for  the  heat  of  formation  from  its  elements. 
B.  A.  Dima  studied  the  photoelectric  effect  of  the  oxide.  J.  Yrede  observed  that 
the  dioxide  has  no  value  as  a radio-detector.  F.  Ullik,  and  M.  Guichard  observed 
that  it  is  a good  electrical  conductor  ; E.  Friederich  and  L.  Sittig  gave  40-0  xl0~4 
ohm  for  the  resistance  of  a metre  wire  1 sq.  mm.  cross-section  at  1000°  ; and  the 
temp,  coeff.  is  negative  ; and  E.  Wedekind  and  C.  Horst  found  that  its  magnetic 
susceptibility  is  greater  than  that  of  the  metal,  being  0-33  X 10~ 6 mass  unit  at  19-5°. 
S.  Berkm'an  and  H.  Zocher  gave  0-09  X 10— 6 mass  unit. 

M.  Guichard  found  that  the  oxide  is  reduced  by  hydrogen  to  the  metal  without 
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the  formation  of  intermediate  oxides — a subject  discussed  by  G.  Martin.  The 
equilibrium  conditions  were  studied  by  M.  Guichard — vide  supra.  G.  Chaudron 
studied  the  equilibrium  conditions  in  the  reaction  : 2H20+Mo^Mo02+2H2  over 
the  temp,  range  700°  to  1100°.  H.  Debray  found  that  water  vapour  at  a red-heat 
oxidizes  the  dioxide  to  the  trioxide ; H.  Rose  found  that  chlorine  converts  the 
dioxide  into  the  dioxydichloride  ; and  A.  Vandenberghe,  and  C.  Friedheim  and 
M.  K.  Hoffmann,  that  it  does  not  volatilize  when  heated  in  hydrogen  chloride. 
J.  J.  Berzelius  found  that  the  dioxide  is  not  soluble  in  hydrofluoric,  hydrochloric 
or  sulphuric  acid.  W.  R.  E.  Hodgkinson  and  F.  K.  S.  Lowndes  found  that  if  a 
little  dioxide  be  added  to  molten  potassium  chlorate,  oxygen  and  chlorine  are 
evolved.  J.  J.  Berzelius  said  that  a little  dioxide  dissolves  in  boiling,  cone,  sul- 
phuric acid  ; and  it  dissolves  slowly  in  fused  alkali  hydrosulphate.  It  is  converted 
by  nitric  acid  into  the  trioxide.  C.  Friedheim  and  M.  K.  Hoffmann  observed  that 
the  dioxide  is  decomposed  when  heated  in  carbon  dioxide  ; and  A.  Michael  and 
A.  Murphy,  that  carbon  tetrachloride  converts  it  into  molybdenum  tetrachloride. 
W.  Skey,  and  E.  Pechard  observed  that  thiocyanates  produce  a red  coloration 
with  the  dioxide.  J.  J.  Berzelius  found  that  the  dioxide  does  not  dissolve  in  a 
boiling  soln.  of  potassium  hydro  tartrate.  G.  Rauter  found  that  silicon  tetra- 
chloride has  no  action  on  the  dioxide.  J.  J.  Berzelius  found  that  the  dioxide  is 
insoluble  in  soln.  of  alkali  hydroxide  or  carbonate.  F.  Ullik  observed  that  a crystal 
of  molybdenum  dioxide  in  a soln.  of  copper  sulphate,  and  in  contact  with  zinc, 
quickly  becomes  covered  with  a film  of  copper.  E.  F.  Smith  and  0.  L.  Shinn 
found  that  a mol  of  the  dioxide  liberates  two  gram-atoms  of  silver  from  an 
ammoniacal  soln.  of  silver  nitrate  : Mo02-f-2Ag'— >Mo03+2Ag,  etc.  ; salts  of  copper 
and  mercury  are  not  so  reduced.  C.  Friedheim  and  M.  K.  Hoffmann  found  that  ferric 
sulphate  oxidizes  the  dioxide  to  trioxide.  The  electrometric  oxidation  of  soln.  of 
quadrivalent  molybdenum  by  permanganate  was  studied  by  G.  Unger,  E.  Fricke, 
G.  Reissaus,  and  E.  Muller.  C.  Engler  and  L.  Wohler  discussed  molybdenum 
dioxide  as  a catalytic  agent.  M.  Guichard  was  at  first  inclined  to  believe  that  the 
dioxide  does  not  form  salts,  although  J.  J.  Berzelius,  H.  Rose,  and  others  have 
described  a series  of  salts. 

J.  J.  Berzelius,  H.  Rose,  and  C.  F.  Rammelsberg  described  what  they  con- 
sidered to  be  hydrated  molybdenum  dioxide,  obtained  by  adding  alkali-lye  to  soln. 
of  more  or  less  reduced  molybdic  acid.  P.  Klason  showed  that  in  all  probability 
these  products  are  impure  molybdenum  pentahydroxide,  and  that  the  tetra- 
hydroxide  does  not  exist. 

This  remark  applies  to  the  so-called  monohydrate,  Mo02.H20,  of  E.  Pochard,  produced 
by  the  electrolysis  of  a hydrochloric  or  oxalic  acid  soln.  of  ammonium  molybdate  ; or  by 
adding  alkali-lye  to  a hydrochloric  acid  soln.  of  alkali  molybdate  mixed  with  potassium 
iodide  ; and  to  the  dihydrate,  Mo02.2H20,  reported  to  be  formed  by  adding  ammonia  to 
a hot  hydrochloric  acid  soln.  of  acid  ammonium  molybdate  ami  potassium  iodide. 
O.  W.  Gibbs  obtained  some  complexes  with  tungstic  acid — e.g.  5K2O.12WO3.MoO2.10H2O. 
The  trihydrate,  Mo02.3H20,  was  said  by  F.  J.  Faktor  to  be  produced  by  the  action 
of  sodium  thiosulphate  on  a soln.  of  ammonium  molybdate  ; and  G.  Kriiss  obtained  the 
hemihepladecahydrate,  2Mo02.15H20,  by  the  action  of  cone,  alkali-lye  on  the  oxysul- 
phide,  (NH4)H.Mo2G4S4. 

C.  Paal  and  co-workers,  however,  found  that  a soln.  of  ammonium  para- 
molybdate  in  the  presence  of  a little  colloidal  palladium  is  reduced  at  room  temp, 
by  hydrogen  at  normal  press,  to  form  a greenish-black  precipitate  approximating 
the  monohydrate,  Mo02.H20,  or  MoO(OH)2, when  dried  at  ordinary  temp.,  and  it 
yields  the  dioxide,  Mo02,  if  dried  at  a higher  temp.-  If  the  reduction  occurs  in  the 
presence  of  a protective  colloid — sodium  protalbinate — colloidal  molybdenum 
tetrahydroxide  is  formed  at  ordinary  temp.  H.  Freundlich  and  W.  Leonhardt 
found  that  the  monohydrate  obtained  by  E.  Pechard — by  precipitation  with  alkali 
hydroxide  from  the  soln.  produced  by  the  action  of  potassium  iodide  on  hydro- 
chloric acid  soln.  of  alkali  molybdate  or  by  the  electrolysis  of  hydrochloric  or 
oxalic  acid  soln.  of  molybdic  acid — behaves  towards  water  like  a colloid.  The 
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coagulated  dioxide  shows  differences  in  the  readiness  with  which  it  undergoes 
peptization,  in  that  the  sol  form  is  more  readily  produced  from  coagulates  which 
have  been  precipitated  by  the  less  active  electrolytes.  Low  temp,  is  also  favourable 
to  the  re-formation  of  the  sol.  The  coagulation  by  electrolytes  depends  on  the 
cation. 

According  to  W.  Muthmann,  the  compound  magnesium  hypomolybdate, 
2Mg0.3Mo02,  is  formed  by  fusing  sodium  trimolybdate  with  magnesium  oxide ; 
and  zinc  oxide  similarly  furnishes  zinc  hypomolybdate,  2Zn0.3Mo02. 

J.  J.  Berzelius  digested  in  a stoppered  flask,  at  40°-60°,  a mixture  of  powdered 
molybdenum  and  a soln.  of  molybdic  acid  ; the  soln.  became  dark  blue,  and  finally 
green.  The  addition  of  ammonium  chloride  to  the  green  soln.  precipitates  an  olive- 
green  oxide  which  redissolves  in  water — presumably  as  a peptized  colloid.  A soln. 
of  the  brown  and  blue  molybdenum  oxides  in  hydrochloric  acid  precipitates  a green 
oxide  on  the  addition  of  ammonia.  C.  E.  Bucholz  obtained  a pale  blue  oxide  which 
J.  J.  Berzelius  supposed  to  be  the  same  as  the  green  oxide.  W.  Muthmann  could 
not  prepare  an  olive-green  oxide  of  constant  composition.  J.  Reich  obtained  the 
blue  soln.  by  the  action  of  lead  on  a soln.  of  molybdic  acid  ; and  the  green  soln.  by 
the  electrolysis  of  a soln.  of  2 grms.  of  molybdenum  trioxide  in  aq.  ammonia  mixed 
with  sulphuric  acid  and  diluted  with  water,  by  means  of  platinized  platinum 
electrodes  and  a current  density  of  0-5  amp.  per  sq.  dm.  Many  blue  oxides  have 
been  reported,  and  the  differences  in  the  analysis  probably  turn  on  the  presence 
of  variable  proportions  of  molybdenum  trioxide.  M.  Guichard  added  that  if  the 
trioxide  be  removed  by  successive  washing  with  soda  and  hydrochloric  acid, 
molybdenum  dioxide  is  the  sole  oxide  formed  by  the  action  of  heat  on  a mixture  of 
molybdenum  trioxide  and  ammonium  molybdate,  or  by  the  electrolysis  of  fused 
molybdenum  trioxide. 

According  to  W.  Muthmann,  the  blue  oxide  which  is  formed  by  the  action  of 
reducing  agents  on  soln.  of  molybdic  acid,  or  by  boiling  molybdenyl  sulphate  with 
powdered  molybdenum,  is  molybdenum  tritoctoxide,  Mo308.  The  olive-green 
oxide  prepared  by  J.  J.  Berzelius  is  probably  a mixture  of  this  oxide  with  the 
tetrahydroxide,  Mo(OH)4.  If  a soln.  of  molybdenum  in  cone,  sulphuric  acid  be 
heated  to  a high  temp.,  a mixture  of  the  tritoctoxide  and  trioxide  is  formed. 
A.  Rogers  and  F.  H.  Mitchell  obtained  the  tritoctoxide  by  adding  stannous  chloride 
to  a soln.  of  ammonium  molybdate  slightly  acidified  with  nitric  acid  ; washing  the 
precipitate  as  quickly  as  possible ; and  drying  it  at  100°.  According  to 
L.  A.  Munro,  by  the  addition  of  excess  of  stannous  chloride,  a green  and  then  brown 
soln.  can  be  obtained  due  to  further  (reversible)  reduction.  Molybdenum-blue 
forms  a (negative)  colloidal  soln.  which  can  be  bleached  by  animal  charcoal,  partly 
by  absorption  and  partly  by  oxidation.  It  can  also  be  obtained  in  the  crystalloidal 
form  by  dialyzing  the  colloidal  soln.,  precipitating  the  hydrogel  with  ammonium 
chloride,  and  evaporating  the  remaining  soln.  E.  J.  Millard  obtained  the  blue 
oxide  by  adding  a soln.  of  ammonium  molybdate  and  a little  sulphurous  acid  to  a 
soln.  of  hypophosphite  ; H.  Buff,  by  the  electrolysis  of  molten  molybdenum  trioxide 
with  platinum  electrodes  ; C.  F.  Rammelsberg,  by  heating  ammonium  molybdenum 
dioxymolybdate  in  a closed  vessel ; C.  Barwald,  by  melting  a mixture  of  ammonium 
peroxymolybdate  and  molybdenum  trioxide  in  a closed  vessel ; and  N.  J.  Berlin, 
by  melting  a mixture  of  ammonium  3 : 7-molybdate  and  molybdenum  trioxide  in 
a covered  crucible,  and  washing  the  product  with  aq.  ammonia — E.  Uhrlaub  said 
that  the  product  is  contaminated  with  nitride.  Analyses  in  agreement  with  Mo308 
were  made  by  W.  Muthmann,  C.  Barwald,  N.  J.  Berlin,  and  C.  F.  Rammelsberg. 
L.  A.  Munro  found  that  the  formula  obtained  by  analysis  of  the  hydrogel  is  approxi- 
mately Mo308.H20,  but  since  the  substance  is  readily  soluble  in  alcohol  the  water 
is  probably  not  combined  as  hydrate;  hence  the  true  formula  is  Mo308.  This 
oxide  was  said  by  H.  Buff  to  form  copper-red  crystal  plates  ; and  by  C.  Barwald, 
a bluish-violet  crystalline  powder.  H.  Buff  observed  that  the  oxide  is  a good 
conductor  of  electricity,  and  that  in  air  it  acquires  a bluish  film.  A.  Rogers  and 
VOL.  xi.  2 M 
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F.  H.  Mitchell  said  that  the  oxide  is  more  easily  reduced  by  hydrogen  than  is 
molybdenum  trioxide.  W.  Muthmann  said  that  the  tritoctoxide  is  not  attacked  by 
hydrochloric  and  sulphuric  acids,  or  by  aq.  ammonia  ; it  is  easily  oxidized  by  nitric 
acid  ; and  it  is  decomposed  by  alkali-lye.  According  to  J.  Duclaux  and  R.  Titeica, 
molybdenum  blue  is  an  acid  comparable  in  strength  with  mineral  acids,  th' 
colloidal  anion  of  which  contains  molybdenum  in  two  states  of  oxidation  and  is 
capable  of  union  with  metallic  ions  to  form  salts.  Molybdenum-blue  is  peculiar  in 
its  solubility  in  a large  number  of  organic  solvents,  whilst  it  is  insoluble  in  all 
liquids  of  low  dielectric  constant.  When  certain  organic  solvents  are  shaken  with 
an  aq.  soln.  of  molybdenum-blue,  the  aq.  soln.  is  almost  immediately  decolorized, 
the  molybdenum  compound  passing  into  the  organic  liquid  phase.  This  is  the  first 
example  recorded  of  a colloid  passing  from  one  solvent  into  another  ; glycerol 
appears  to  be  the  best  solvent.  The  solubility  in  butyl  alcohol  provides  a rapid 
means  of  purifying  molybdenum-blue  by  extraction  of  the  aq.  soln. 

H.  Hofer  2 described  a complex  molybdenum  oxide  which  he  found  embedded  in 
the  barytes  and  wulfenite  at  Bleiberg,  Carinthia.  It  appeared  to  have  been  formed 
by  the  decomposition  of  the  metal  molybdates  by  acidic  waters.  W.  T.  Schaller 
suggested  that  it  is  formed  by  the  alteration  of  molybdenite,  jordisite,  wulfenite, 
and  molybdosodalite.  H.  Hofer  called  the  mineral  ilsemannite — after 
J.  C.  Ilsemann.  Ilsemannite  is  bluish-black  or  black,  and  cryptocrystalline.  It 
becomes  blue  on  exposure  to  air,  and  it  has  been  called  natural  molybdenum  blue. 
It  forms  a deep  blue  soln.  with  water  ; and  the  aq.  soln.  yields  blue  crystals  on 
evaporation.  H.  Hofer  considered  it  to  have  the  composition  of  J.  J.  Berzelius' 
Mo02.4Mo03  ; 0.  F.  Rammelsberg  gave  the  formula  Mo205,  or  Mo02.Mo03. 
W.  Muthmann  said  that  its  composition  is  not  Mo5014,  as  supposed  by  H.  Hofer, 
but  is  nearer  to  Mo308.  More  probably,  ilsemannite  is  a mixture.  F.  Cornu  repre- 
sented it  as  colloidal  molybdenum  tritoctoxide,  Mo308.hH20,  and  added  that  it  is 
the  only  reversible  colloid  occurring  in  nature.  The  subject  was  discussed  by 
A.  Himmelbauer,  E.  Dittler,  F.  L.  Hess,  H.  F.  Yancey,  and  C.  W.  Greenland. 
W.  T.  Schaller  obtained  from  Ouray,  Utah,  a mineral  of  the  composition 
Mo03.S03.5H20,  which  he  called  ilsemannite,  but  H.  F.  Yancey  did  not  agree  that 
this  represents  the  composition  of  ilsemannite.  E.  Dittler  supposed  ilsemannite 
to  be  an  oxidation  product  of  molybdenite.  When  molybdenum  sulphate  soln. 
are  treated  with  ferrous  sulphate,  free  molybdenum  trioxide  separates.  This  when 
washed  contains  no  iron  or  sulphate,  but  is  reduced  to  Mo308.H20.  Some  varieties 
are  free  from  iron,  so  that  W.  T.  Schaller’s  hypothesis  is  based  on  samples  in  which 
the  sulphate  was  an  accidental  constituent. 

W.  Biltz 3 prepared  colloidal  molybdenum  tritoctoxide,  and  found  that  the 
hydrosol  passes  to  the  anode  on  electrolysis.  A.  Dumansky  showed  that  when 
molybdenum  trioxide  suspended  in  water,  is  heated  on  a water-bath  with  a large 
excess  of  powdered  metallic  molybdenum,  a soln.  of  the  oxide  Mo308  is  obtained, 
which,  according  to  cryoscopic  measurements,  contains  unpolymerized  mols.  of 
the  oxide.  On  addition  of  ammonium  chloride,  barium  chloride,  and  other  salts 
to  this  soln.,  polymerization  takes  place,  and  the  oxide  passes  into  the  colloidal 
form.  W.  Biltz  found  that  the  colloid  is  adsorbed  from  its  sol  by  fibres  of  cotton, 
wool,  and  especially  silk.  C.  Winssinger  observed  that  the  absorption  spectrum  is 
similar  to  that  produced  by  colloidal  molybdenum  sulphide. 

C.  F.  Bucholz  prepared  what  appears  to  have  been  the  colloidal  pcntalu/dralc 
of  molybdenum  tritoctoxide  by  exposing  moist  molybdenum,  or  the  hydrated 
trioxide  to  air  for  a long  time,  or  boiling  these  substances  with  water  in  an  open 
vessel.  He  also  made  it  by  boiling  in  water  a mixture  of  molybdenum  with  twice 
its  weight  of  molybdenum  trioxide,  and  evaporating  the  blue  soln.  out  of  contact 
with  air,  or  in  contact  with  molybdenum.  J.  J.  Berzelius  prepared  this  hydrate 
by  mixing  a soln.  of  molybdenum  dioxide  in  hydrochloric  acid  with  a soln.  of 
ammonium  3 : 7-molybdate,  and  collecting  the  precipitated  oxide  \yhich  is  washed, 
first  with  water  containing  ammonium  chloride,  and  then  with  alcohol  or  cold  water. 
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It  is  dried  in  air.  O.  Maschke  dissolved  calcium  molybdate  in  warm,  dil.  hydro- 
chloric acid  and  added  sucrose  or  glucose,  boiled  the  mixture  for  a few  minutes, 
added  a soln.  of  sodium  or  calcium  chloride,  and  washed  the  precipitate  first  with 
the  precipitant  and  then  with  a little  water.  G.  Marchetti  dissolved  molybdenum 
in  cone,  aqua  regia,  and  after  all  the  nitric  acid  had  been  expelled  by  evaporating 
the  soln.  on  a water-bath,  with  the  addition  of  hydrochloric  acid,  diluted  the 
filtered  soln.,  and  reduced  it  by  an  electric  current.  The  dark  blue  liquid  yields 
crystals  of  the  pentahydrate.  C.  F.  BuchoLz  described  his  product  as  a dark 
indigo-blue  powder  ; and  G.  Marchetti  obtained  dark  blue,  almost  black,  triclinic 
crystals.  J.  J.  Berzelius  said  that  all  the  water  can  be  driven  off  by  heating  the 
crystals  in  vacuo.  C.  F.  Bucholz  said  that  the  salt  is  fairly  soluble  in  water  forming 
a blue  soln.  which,  according  to  G.  Marchetti,  does  not  give  a precipitate  on  adding 
ammonium  chloride.  Cryoscopic  determinations  show  that  in  aq.  soln.  the  penta- 
hydrate is  neither  ionized  nor  polymerized.  J.  J.  Berzelius  said  that  the  aq.  soln. 
becomes  paler  in  air  owing  to  oxidation.  Alcohol  dissolves  a little  of  the  hydrated 
oxide.  0.  Maschke  found  that  the  aq.  soln.  is  easily  decolorized  by  alkalies, 
chlorine,  nitrous  acid,  hydrogen  dioxide,  permanganic  acid,  etc.  L.  Schonn  said 
that  the  blue  soln.  is  first  decolorized  by  hydrogen  dioxide,  and  then  forins  a yellow 
liquid.  According  to  G.  Marchetti,  aq.  ammonia,  and  alkali-lye  extract  molybdenum 
trioxide  and  leave  the  dioxide  ; whilst  very  dilute  alkali-lye  dissolves  all  the  oxide, 
and  when  the  soln.  is  boiled,  it  deposits  molybdenum  dioxide.  Acids  do  not  appear 
to  form  salts.  C.  F.  Rammelsberg  obtained  ammonium  dimolybditetramolybdate, 
(NH4)20.2Mo02.4Mo03.9H20,  or  (NH4)20.(Mo308)2.9H20,  as  brown  crystals  under 
the  blue  precipitate  by  allowing  a mixed  soln.  of  molybdenum  dioxide  and 
ammonium  molybdate  in  hydrochloric  acid  to  stand  for  some  time.  The  brown 
crystals  form  a brown  soln.  with  water,  and  the  addition  of  silver  nitrate  to  the 
soln.  gives  a yellow  precipitate  soluble  in  nitric  acid.  The  salt  gives  off  water  and 
ammonia  when  heated. 

According  to  C.  F.  Rammelsberg,4  the  precipitate  formed  on  mixing  a hydro- 
chloric acid  soln.  of  molybdenum  dioxide  and  molybdic  acid,  when  washed  with  an 
alcoholic  soln.  of  ammonium  chloride,  and  dried  over  sulphuric  acid,  is  the  tri- 
liydrate  of  molybdenum  hemipentoxide,  Mo205.3H20,  or  MoO(OH)3.  J.  Reich 
said  that  the  electro-reduction  of  a soln.  of  2 grms.  of  molybdenum  trioxide  in 
11  grms.  of  sulphuric  acid,  and  100  c.c.  of  water  with  a current  density  of  0-005  amp. 
per  sq.  dm.,  and  0-49  volt  gives  a blue  deposit  of  the  hemipentoxide.  P.  Klason 
made  it  by  adding  exactly  three  mols  of  ammonia  to  an  aq.  soln.  of  a mol  of 
ammonium  molybdenvl  chloride.  The  precipitate  resembles  freshly-precipitated 
ferric  hydroxide,  only  it  is  brighter  in  colour ; sodium  acetate  can  also  be  used  as 
a precipitant.  It  is  soluble  in  water  to  the  extent  of  2 parts  in  1000,  but  insoluble 
in  the  presence  of  ammonium  chloride ; it  has  no  acid  properties,  since  it  does  not 
dissolve  in  aq.  alkali  hydroxides,  and  is  only  slightly  soluble  in  ammonia  and  alkali 
carbonates.  If  in  its  preparation  an  excess  of  ammonia  be  used,  the  hydroxide  is 
partially  decomposed,  and  the  filtered  soln.  contains  much  molybdic  acid, . as  stated 
by  H.  Debray.  P.  Klason  added  that  molybdenum  blue  does  not  contain  molybdenum 
dioxide  as  assumed  by  M.  Guichard,  but  rather  the  hemipentoxide.  The  anhydrous 
oxide,  Mo205,  was  obtained  by  C.  F.  Rammelsberg,  by  dehyrating  the  hydrate  in 
vacuo  ; or,  in  a current  of  carbon  dioxide.  E.  Pechard  obtained  it  by  heating  a 
mixture  of  ammonium  molybdate,  potassium  iodide,  and  hydrochloric  acid. 
E.  Friederich  and  L.  Sittig  obtained  the  hemipentoxide  by  heating  to  about  1200°  a 
mixture  of  2-4  grms.  of  molybdenum  powder  and  18  grms.  of  molybdenum  trioxide. 
E.  Friederich  gave  9-5  ohms  for  the  resistance  of  a metre  wire  1 sq.  mm.  cross- 
section.  E.  F.  Smith  and  V.  Oberholtzner  treated  the  trioxide  at  105°-120°  with 
dry  hydrogen  iodide,  and  obtained  a blue  hemitrihydrate,  Mo205.l'5H20,  which 
was  stable  in  air,  and  at  a red-heat  furnished  brown  hemipentoxide.  W.  Wardlaw 
and  F.  H.  Nicholls  obtained  molybdenum  hemipentoxide,  Mo205,  by  heating  the 
oxysulphate,  Mo20(S04)2— >Mon05-f  2S02,  or  the  oxyoxalate,  Mo20(C204)2— >Mo205 
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+4CO.  In  opposition  to  the  statement  of  M.  Guichard,  the  pentoxide  is  almost 
unchanged  when  boiled  five  successive  times  in  aq.  ammonia,  washed  with  distilled 
water,  and  dried  at  100°.  A little  molybdenum  passes  into  soln.,  but  there  is  no 
evidence  that  the  product  is  impure  dioxide.  J.  Vrede  found  the  oxide  has  no  value 
as  a radio-detector ; and  W.  Meissner,  that  it  is  not  a super-conductor.  E.  Eriederich 
and  L.  Sittig,  found  the  sp.  resistance  of  the  dark  violet  hemipentoxide  to  be 
9-5  x 10~ 4 ohm  at  1000°,  and  the  temp,  coeff . is  negative.  A.  Schulze  discussed  the 
super-conducting  qualities  of  the  oxide.  E.  Newbery  and  J.  N.  Pring  found  that  the 
pentoxide  is  reduced  to  the  monoxide  by  hydrogen  at  2000°  and  150  atm.  press. 
The  violet-black  powder,  said  E.  Pechard,  is  easily  soluble  in  water,  and  when 
hydrogen  dioxide  is  added  to  the  dark  blue  aq.  soln.,  the  colour  becomes  green,  and 
then  yellow.  P.  Klason,  and  W.  Wardlaw  and  F.  H.  Nicholls,  said  that  the  hemi- 
pentoxide dissolves  with  difficulty  in  hydrochloric  and  sulphuric  acids,  and  this 
the  more  slowly,  the  higher  the  temp,  of  preparation.  G.  Reissaus,  E.  Fricke, 
G.  Unger,  and  E.  Miiller  studied  the  electrometric  oxidation  of  soln.  of  quinque- 
valent  molybdenum  with  permanganate.  S.  Ghosh  and  N.  R.  Dhar  studied  the 
sensitization  of  the  negative  colloid,  by  other  colloids.  G.  A.  Barbieri  studied  the 
action  of  molybdenum  hemipentoxide  on  formic  and  oxalic  acids.  P.  Sabatier 
and  A.  Mailhe,  and  J.  N.  Pearce  and  A.  M.  Alvarado  studied  the  dehydrating 
action  on  ethyl  alcohol.  P.  Sabatier  and  A.  Mailhe,  and  J.  N.  Pearce  and 
A.  M.  Alvarado  observed  that  this  oxide  acts  catalytically  in  decomposing  formic 
acid  into  carbon  dioxide,  carbon  monoxide,  water,  and  hydrogen  ; and  formalde- 
hyde, into  carbon  dioxide  and  water.  The  hemipentoxide  was  also  prepared  by 
F.  Mawroff  and  M.  Nikoloflt,  who  also  observed  that  when  the  violet  molybdenum 
oxyhypophosphite  is  rubbed  with  aqua  ammonia,  the  yellowish-brown  precipitate 
can  be  washed  and  dried.  It  dissolves  sparingly  in  water,  and  the  aq.  soln.  has  a 
neutral  reaction.  If  dissolved  in  acids,  and  precipitated  by  ammonia,  and  washed 
with  dil.  aq.  ammonia  and  then  with  absolute  alcohol,  the  residue  has  the  com- 
position of  ammonium  molybdenum  hemipentoxide,  NH4Mo205.3H20,  which, 
when  ignited  in  a current  of  carbon  dioxide,  yields  molybdenum  pentoxide.  If 
sodium  hydroxide  soln.  be  used  in  place  of  ammonia,  sodium  molybdenum  hemi- 
pentoxide, NaMo205.3H20,  is  formed,  and  this,  on  ignition,  yields  the  anhydrous 
form  NaMo205.  Similarly  also  with  the  hydrate  barium  molybdenum  hemi- 
pentoxide, BaMo205.3H20,  and  the  anhydrous  BaMo205. 

J.  J.  Berzelius  5 obtained  what  he  regarded  as  molybdenum  pentitatetradeca- 
oxide,  Mo5014,  or  Mo02.4Mo03,  by  heating  molybdenum  or  one  of  the  lower  oxides 
in  air  for  a short  time.  C.  F.  Rammelsberg  obtained  the  hexah'/drate  by  allowing 
an  aq.  soln.  of  molybdic  acid  to  stand  in  contact  with  reduced  molybdenum  for 
some  days,  and  then  shaking  up  the  filtered,  blue  liquid  with  an  excess  of 
molybdenum  for  some  days.  M.  Guichard  said  that  this  compound  is  best 
obtained  by  mixing  cold,  dll.  hydrochloric  acid  soln.  of  molybdenum  dioxide  and 
ammonium  molybdate  ; the  hydrochloric  acid  should  be  that  of  sp.  gr.  1-18  diluted 
with  9 parts  of  water,  this  bringing  about  complete  precipitation  without  decom- 
position. A more  cone,  acid  decomposes  the  oxide.  The  product  thus  obtained 
is  nearly  insoluble  in  cold  water,  although  that  prepared  by  C.  F.  Rammelsberg, 
by  precipitation  at;  50°,  is  easily  soluble  ; an  aq.  soln.  of  the  oxide  is  readily  obtained 
by  leaving  molybdenum  trioxide  and  metallic  molybdenum  in  contact  in  water. 
The  oxide  obtained  by  precipitation  is  a dark  blue  powder  of  sp.  gr.  3-6  at  18°  ; 
by  the  evaporation  of  its  soln.,  it  is  obtained  in  vitreous,  faceted  fragments,  which 
yet  are  not  truly  crystalline.  It  dissolves  in  water  at  50°,  but  is  insoluble  in  sat. 
soln.  of  ammonium,  sodium  and  calcium  chlorides,  and  potassium  iodide  and 
nitrate  ; sodium  and  magnesium  sulphate  do  not  alter  its  solubility.  It  dissolves 
in  95  per  cent,  alcohol,  although  it  is  insoluble  in  most  organic  solvents.  When  heated 
in  vacuo  or  an  inert  gas,  it  loses  part  of  its  water  at  100°,  and  the  rest  near  a 
red-heat,  a non-homogeneous  mixture  of  molybdenum  dioxide  and  trioxide  being 
formed.  Hydrogen  ultimately  reduces  it  to  the  metal ; chlorine  yields  the  volatile 
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oxychloride,  Mo02C12,  and  molybdenum  trioxide.  Contrary  to  J.  J.  Berzelius’ 
statement,  it  slowly  oxidizes  in  the  air,  and  at  a red-heat  oxygen  rapidly  converts 
it  into  the  trioxide.  Gaseous  hydrogen  chloride  at  a red-heat  and  superheated 
steam  decompose  it,  giving  mixed  dioxide  and  trioxide ; gaseous  ammonia  gives 
initially  the  same  result,  but  at  a red-heat  reduces  the  oxides  to  the  metal.  Acetic 
acid  does  not  affect  it ; by  cone,  hydrochloric  acid,  it  is  dissolved  to  a yellowish-red 
soln.  of  molybdenum  tetrachloride,  but  the  action  is  a reversible  one,  since,  on 
diluting  with  water,  the  blue  oxide  is  precipitated.  With  sulphuric  acid,  a like 
result  is  obtained.  K.  von  der  Heide  and  K.  A.  Hofmann  reported  ammonium 
molybditetramolybdate,  (NH4)20.Mo02.4Mo03.6H20,  to  be  formed  by  heating  an 
aq.  soln.  of  ammonium  molybdate  with  half  its  weight  of  hydroxylamine  hydro- 
chloride on  the  water -bath  until  the  orange  precipitate  which  is  at  first  formed  is 
dissolved,  and  a greenish-brown  soln.  is  obtained  ; this  soln.  is  then  rapidly  filtered, 
protected  from  access  of  air,  and  allowed  to  cool.  The  compound  separates  in  dark 
red  crystals  belonging  to  the  triclinic  system  ; dissolves  gradually  in  water  with  a 
reddish-yellow  coloration  ; and  is  fairly  stable.  It  gradually  reduces  Fehb'ng’s 
soln.  in  the  cold  and  quickly  when  heated.  With  copper  sulphate,  it  gives  a 
beautiful,  blue  coloration  ; with  mercurous  and  mercuric  salts,  a flesh-coloured 
precipitate  ; with  lead  nitrate,  a yellowish-white  precipitate  ; and  with  potassium 
thiocyanate,  an  intense  red  coloration.  It  is  gradually  decomposed  by  dil.  acids, 
and  it  reduces  ammoniacal  silver  soln.  with  the  separation  of  metallic  silver.  Other 
ammonia  derivatives  with  the  lower  oxides  of  molybdenum,  analogous  to  the 
chromammine  bases,  could  not  be  prepared. 

P.  Klason  6 obtained  a soluble  oxide  Mo20O41.21H2O,  or  Mo205.18Mo03.21H20,  by 
exposing  an  aq.  soln.  of  ammonium  molybdenyl  chloride  to  air.  The  solid  furnishes  a 
blue  soln.  with  water,  and  it  is  precipitated  by  adding  ammonium  chloride.  According  to 
W.  Muthmann,  the  oxide  Mo6012,  first  described  by  N.  J.  Berlin,  is  obtained  by  heating  a 
mixture  of  ammonium  molybdate  with  twice  its  weight  of  molybdenum  trioxide.  The 
product  is  repeatedly  extracted  with  ammonia,  and  finally  with  cone,  hydrochloric  acid  to 
remove  a compound  of  molybdenum  and  nitrogen.  This  oxide  is  not  attacked  by  alkali-lye, 
but  it  dissolves  in  warm  cone,  sulphuric  acid,  forming  a green  soln.,  which  easily  parts  with 
sulphur  dioxide,  and  turns  blue.  Nitric  acid,  aqua  regia,  and  chlorine-water  convert 
M°60,2  into  the  trioxide.  H.  O.  Schulze  obtained  Mo4011;  or  Mo203.2Mo04,  by  heating 
a mixture  of  potassium  iodide  and  moiybdenum  tiioxide ; G.  Bailhache,  the  hexahydraie 
by  the  action  of  barium  molybdate  on  the  oxysulphate,  Mo206.2S04  ; G.  Bailhache, 
Mo20O67.18H2O,  or  2Mo203.2Mo7024.18H20,  by  the  action  of  barium  3 : 7-molybdate  on 
Mo205.2S04  ; A.  Junius,  Mo7O20,  by  the  electrolysis  of  a hydrochloric  acid  soln.  of 
ordinary  ammonium  paramolybdate,  or  of  sodium  molybdate ; and  P.  Klason, 
Mo2e077.24H20,  or  Mo206.24Mo03.24H20,-  by  exposing  an  aq.  soln.  of  ammonium 
molybdenyl  chloride  to  oxidation  by  air  for  several  months.  There  is  nothing  to  show 
that  these  products  are  not  merely  arbitrary  intermediate  stages  in  the  reduction  of 
molybdenum  trioxide.  Some  suggestions  have  been  made  for  the  use  of  the  blue  oxides 
of  molybdenum  as  pigments — vide  supra,  the  uses  of  molybdenum.  Hydrosols  of  molyb- 
denum blue  were  found  by  P Lai  and  P.  B.  Ganguly  to  be  coagulated  by  ultra-violet  light. 
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§ 10.  Molybdenum  Trioxide  and  its  Hydrates 

D.  L.  G.  Karsten  1 recognized  a yellow  earth  associated  with  the  molybdenite 
at  Nummedalen,  Norway,  as  a mineral  species  which  he  called  molybdlC  ochre 
— Wasserbleiocker,  and  Molybdanocker  ; J.  F.  L.  Hausinann  said  that  the  essential 
constituent  is  molybdenum  oxide ; and  J.  J.  Berzelius,  and  F.  von  Kobell, 
molybdenum  trioxide.  R.  P.  Greg  and  W.  G.  Lettsom  called  it  mulybdin,  and 
A.  Breithaupt,  molybdite.  It  appears  as  an  oxidation  product  of  molybdenite. 
W.  T.  Schaller  represented  the  composition  of  samples  from  California  ; West- 
moreland, New  Hampshire ; Telluride,  Colorado ; and  Renfrew,  Ontario,  by 
Fe203.3Mo03.72H20 — vide  infra,  ferric  molybdate  ; and  F.  N.  Guild,  that  of  a 
sample  from  Santa  Rita  Arizona,  by  Fe203.3Mo03.7H20.  D.  D.  Owen  had 
previously  suggested  that  the  molybdic  ochre  from  Nevada  City,  California,  is  a 
ferric  molybdate,  but  F.  A.  Genth  regarded  this  sample  as  a molybdic  ochre  mixed 
with  limonite — P.  P.  Pilipenko  called  the  ferruginous  mineral  ferrimolybdite 
— vide  infra,  ferric  molybdate. 

Occurrences  have  been  noted  at  Caldbeck  Fell,  Cumberland,  by  R.  P.  Greg  and 
W.  G.  Lettsom  ; at  Mount  Coryby  andTulloch,  Scotland,  by  R.  P.  Greg  and  W.  G.  Lettsom, 
and  M.  F.  Heddle  ; at  Creux  and  Vaubry,  Saint-Leonard,  Vilati,  etc.,  France,  by  A.  Lacroix  ; 
near  Porto,  Portugal,  by  C.  F.  A.  Tonne  and  S.  Calderon  ; in  Novara,  and  Sardinia,  Italy, 
by  W.  P.  Jervis,  and  D.  Lovisato  ; in  Glarus,  Switzerland,  by  E.  Stohr,  and  G.  A.  Kenngott ; 
at  Pfitsch,  Tyrol,  by  C.  C.  von  Leonhard,  and  J.  F.  L.  Hausmann  ; at  Berggiestbiibel,  and 
Altenberg,  Saxony,  by  A.  Breithaupt,  and  A.  Frenzel  ; at  Schlaggenwald,  by  V.  von 
Zepharovicli,  at  Nummedalen,  Norway,  by  D.  L.  G.  Karsten  ; at  Linniis,  and  Bispberg, 
Sweden,  by  C.  C.  von  Leonhard,  W.  Hisinger,  and  J.  F.  L.  Hausmann  ; Pitkiiranta,  Finland, 
by  A.  Breithaupt  ; on  the  Adun-Chalon  Mountains,  Siberia,  by  J.  D.  Dana  ; in  Victoria, 
and  Tasmania,  by  G.  H.  F.  Ulrich,  and  W.  F.  Petterd  ; in  St.  Fernando,  Chile,  by 
T.  Domeyko  ; in  Huaylas,  Peru,  by  A.  Raimondi ; in  Mexico,  by  C.  F.  de  Landoro  ; in 
Nevada,  Texas,  Georgia,  North  Carolina,  Pennsylvania,  and  Now  Hampshire,  United  States, 
by  D.  D.  Owen,  F.  A.  Genth,  W.  E.  Hidden  and  J.  B.  Mackintosh,  W.  T.  Schaller, 
F.  N.  Guild,  T.  S.  Hunt,  1’.  Groth,  and  J.  D.  Dana ; and  in  Quebec,  and  Ontario,  Canada, 
by  G.  C.  Hoffmann. 

The  end-products  of  the  oxidation  of  molybdenum,  and,  naturally,  of  the  lower 
oxides,  is  molybdenum  trioxide,  Mo03.  J.  J.  Berzelius  obtained  the  trioxide  by 
roasting  molybdenum  sulphide  in  air.  According  to  H.  V.  Regnault,2  it  is  formed 
when  steam  acts  on  the  red-hot  metal,  or  on  a lower  oxide  ; and,  according  to 
J.  von  Liebig,  when  heated  potassium  hydroxide  acts  on  the  metal — in  that  case, 
hydrogen  is  evolved.  J.  J.  Berzelius  obtained  the  trioxide  by  the  action  of  an 
excess  of  nitric  acid  on  molybdenum  or  its  lower  oxides,  and  either  evaporating 
the  soln.  to  dryness  and  igniting,  or  allowing  the  soln.  to  evaporate  spontaneously. 
C.  W.  Scheele  also  obtained  molybdenum  trioxide  by  the  action  of  nitric  acid  on 
molybdenite.  The  extraction  of  molybdates  from  molybdenite  or  wulfenite  has 
been  previously  described,  and  J.  J.  Berzelius,  and  G.  C.  Wittstein  obtained 
molybdenum  trioxide  from  the  ammonium  salt  by  heating  it  in  an  open  crucible 
at  a temp,  below  the  fusion  point.  In  the  roasting  of  ammonium  molybdate  the 
residual  molybdenum  trioxide  is  more  or  less  reduced,  and  L.  Ott,  and  W.  Muthmann 
said  that  it  should  be  heated  to  dull  redness  for  4 or  5 hrs.  in  a current  of  oxygen. 
R.  Stierlin  obtained  the  trioxide  by  sublimation  from  ammonium  phosphato- 
molybdate  ; and  F.  Elias  heated  molybdenum  phosphate  with  a soln.  of  phosphoric 
acid  in  a sealed  tube  at  140°  and  obtained  microcrystalline  molybdenum  trioxide. 
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The  purification  of  molybdic  acid  is  described  in  connection  with  the  recovery  of 
molybdenum  from  laboratory  residues  where  the  trioxide  is  associated  with  more 
or  less  phosphoric  acid.  P.  Klason  found  commercial  molybdenum  trioxide  of 
the  composition  NH;!.3Mo03.|H20.  H.  Debray  found  commercial  molybdenum 
trioxide  associated  with  sodium  salts  and  sulphuric  acid.  He  purified  it  by 
admixture  with  ammonium  chloride  ; and  washing  with  water,  and  oxidizing 
the  product  by  roasting  it  in  air,  or  by  treatment  with  nitric  acid.  The  purifica- 
tion of  the  trioxide  by  sublimation  frees  it  from  metallic  impurities,  tungsten 
trioxide,  silica,  and  phosphates.  L.  Rolla  and  G.  Piccardi,  for  instance,  purified 
the  trioxide  by  sublimation  in  a current  of  air  in  a quartz  tube.  According  to 
L.  Wohler  and  W.  Engels,  the  precipitation  which  occurs  when  soln.  of  molybdates 
are  acidified  is  due  to  the  presence  of  tungstates.  The  readiness  with  which 
precipitation  takes  place  is  dependent  on  the  proportion  of  tungstic  acid  present, 
and  when  this  is  present  in  very  small  amount,  the  temp,  may  be  raised  to  nearly 
100°  before  a precipitate  is  obtained.  The  precipitation  is  primarily  due  to  the 
tungstic  acid  in  the  soln.,  and  when  this  separates  out,  molybdic  acid  is  simul- 
taneously removed  from  the  soln.  A.  Arnfeld  observed  that  commercial 
molybdenum  trioxide  contains  some  of  the  lower  oxides  which  are  converted  into 
the  trioxide  by  roasting  at  a red-heat.  In  order  to  prepare  the  trioxide  free  from 
ammonia,  M.  Liebert  boiled  50  grms.  of  ammonium  molybdate  in  100  c.c.  of  aqua 
regia  until  the  liquid  no  longer  gave  a sign  of  the  presence  of  ammonia  when  tested 
with  Nessler’s  reagent.  The  product  was  then  evaporated  a number  of  times  with 
nitric  acid,  and  finally  dried  at  180°.  W.  D.  Collins  and  co-workers  discussed 
the  impurities  in  commercial  molybdic  acid.  The  so-called  “ molybdic  acid,  85 
per  cent.”  consists  largely  of  ammonium  molybdate. 

The  analyses  of  J.  J.  Berzelius,3  J.  B.  A.  Dumas,  H.  Debray,  G.  F.  Bucholz, 
L.  Ott,  K.  Seubert  and  W.  Pollard,  C.  F.  Rammelsberg,  J.  H.  Muller,  and 
A.  Vandenberghe,  are  in  agreement  with  the  formula  Mo03.  From  the  effect 
of  molybdenum  trioxide  on  the  b.p.  of  sulphuric  acid,  E.  Beckmann  calculated 
the  mol.  wt.  to  be  in  accord  with  the  formula  (Mo03)2,  or  Mo206.  Molybdenum 
trioxide  has  a platy  or  talcose  structure,  and  it  is  colourless  and  non-pleochroic. 
The  mass  which  has  been  fused  is  greyish-  or  yellowish-white  with  a radiating  fibrous 
structure,  whilst  the  sublimed  trioxide  furnishes  colourless,  transparent,  thin  plates,  or 
needles  which,  according  to  A.  E.  Nordenskjold,  belong  to  the  rhombic  system;  the 
crystals  have  the  axial  ratios  a : b : c=0-3872  : 1 : 0-4792.  P.  Groth  said  that  the 
crystals  are  probably  isomorphous  with  those  of  tungsten  trioxide.  The.(100)-,  (010)-, 
and  (001) -cleavages  are  distinct.  The  optical  character  is  positive.  A.  des  Cloizeaux 
gave  for  the  optic  axial  angles  at  13°,  2//0=117°  15'  for  red-light,  119°  33'  for  yellow- 
light,  and  127°  for  blue-light.  A.  Lacroix  found  the  natural  crystals  from  Corsica 
to  be  pleochroic — a and  b are  pale  yellow,  whilst  c is  nearly  black.  P.  Niggli  dis- 
cussed the  electronic  structure  ; and  H.  E.  Buckley,  the  effect  of  molybdates  on 
the  growth  of  crystals  of  sodium  chlorate. 

A.  Breithaupt  gave  4-49  to  4-50  for  the  specific  gravity  of  molybdic  ochre  ; 
T.  Bergman,  3-46  for  molybdenum  trioxide ; V.  Eggertz,  4-5  for  the  sub- 
limed oxide  ; E.  Wedekind  and  C.  Horst,  4-50  at  19-5°  ; and  A.  Safarik,  4-39 
at  21°  for  the  trioxide  which  had  been  fused.  W.  Biltz,  D.  Balareff,  and  C.  del 
Fresno  studied  the  mol.  vol.  The  hardness  of  molybdic  ochre  is  1 to  2.  J.  Maydel 
discussed  the  specific  heat.  T.  Carnelley  gave  759°  ±2°  for  the  melting  point  of 
the  trioxide  ; F.  Hoermann,  and  F.  M.  Jager  and  II.  C.  Germs,  7.95°.  E.  Groschuff 
said  that  it  melts  without  decomposition  at  791°.  When  molybdenum  trioxide  is 
heated,  it  becomes  lemon-yellow,  and  the  original  colour  is  restored  on  cooling. 
W.  D.  Bancroft  and  H.  B.  Weiser  observed  that  when  the  trioxide  is  introduced 
in  the  oxyhydrogen  flame,  the  flame  gives  a bright,  lustrous,  metallic  mirror 
on  a cold  surface.  It  fuses  at  a red-heat  to  a brownish-yellow  liquid.  C.  Zenghelis 
obtained  evidence  of  a slight  volatilization  at  ordinary  temp.  In  covered  vessels, 
it  volatilizes  at  a high  temp,  only,  but  when  exposed  to  air,  even  at  its  m.p.,  it 
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volatilizes  forming  white  fumes  which  condense  above  the  fused  mass  to  form  a 
crystalline  sublimate.  E.  Groschufi  said  that  sublimation  begins  in  the  vicinity 
of  the  m.p.  P.  H.  M.  P.  Brinton  and  A.  E.  Stoppel  found  that  the  trioxide  is 
non-volatile  below  500°,  and  volatilizes  only  slightly  between  500°  and  600°. 
G.  Merz,  and  C.  F.  Plattner  noticed  that  the  trioxide  volatilizes  before  the  blowpipe 
flame  which  is  coloured  a greenish-yellow  ; W.  R.'  Mott  made  some  observations 
on  the  volatilization  of  the  trioxide  in  the  electric  arc.  A.  A.  Read  said  that  the 
trioxide  gives  off  oxygen  at  1750°  ; and  K.  W.  G.  Kastner,  that  it  is  reduced  to 
metal  in  the  oxyhydrogen  blowpipe  flame.  W.  G.  Mixter  gave  for  the  heat  of 
formation  when  the  metal  is  oxidized  by  sodium  dioxide,  (Mo,30)=181-5  Cals, 
at  constant  vol.,  or  (Mo02,0)=38-7  Cals.  S.  M.  Delepine  gave  (Mo, 30) =166-14 
Cals,  at  constant  vol.,  and  167-00  Cals!  at  constant  press. ; W.  Lederer  gave 
168-675  Cals,  at  constant  vol. ; J.  E.  Moose  and  S.  W.  Parr,  1829  cals,  per  gram. 
The  subject  was  discussed  by  A.  Berkenheim. 

R.  Stierlin  referred  to  das  wunderbare  Farbenspiel  which  occurs  when  the  crystals 
are  examined  by  polarized  light.  E.  L.  Nichols  and  B.  W.  Snow  found  the  fractional 
reflecting  power,  R,  for  light  of  wave-length,  A,  to  be  : 

A . . 7530  6685  6080  5570  4920  4685  4500  4340 

p/  25°  . — 0-695  0-613  0-517  0-309  0-139  0-068  0-045 

\275°  . 0-720  0-596  0-465  0-335  0-101  — 0-040  — 

The  reflected  light  is  partly  made  up  of  mainly  white  light  reflected  from  the 
surface,  and  partly,  of  light  reflected  from  the  interior,  and  this  determines  the 
colour  of  the  reflected  light.  D.  Gernez  showed  that  molybdic  acid,  and  the  alkali 
molybdates,  though  optically  inactive,  can  augment  the  optical  activity  of  other 
substances — e.g.  tartaric  acid.  L.  W.  Andrews  examined  the  action  with  malic 
acid ; and  C.  N.  Riiber  and  J.  Minsaas,  with  galactose.  G.  A.  Dima  studied  the 
photoelectric  effect.  T.  W.  Case  said  that  no  electrical  conductivity  is  to  be  observed 
when  molybdenum  trioxide  is  exposed  to  light.  J.  M.  Eder,  unlike  T.  L.  Phipson, 
observed  that  a sulphuric  acid  soln.  of  molybdic  acid  is  not  reduced  by  exposure 
to  light  provided  organic  matter  be  absent.  M.  Jungck  observed  that  the  soln. 
of  ammonium  molybdate  used  in  analytical  chemistry  suffers  photolysis.  R.  Robl 
observed  but  a faint  luminescence  in  ultra-violet  light ; E.  Tiede  and  A.  Schleede, 
the  phosphorescence  of  molybdenum  trioxide  in  active  nitrogen  ; J.  Ewles,  the 
cathode  luminescence,  but  no  ultra-violet  fluorescence  with  X-rays  was  observed 
by  J.  O.  Perrine  ; H.  T.  Meyer,  the  K-series  of  the  X-ray  spectrum  ; and  H.  Nisi, 
the  Raman  effect. 

F.  Beijerinck  found  that  molybdic  ochre  is  a non-conductor  of  electricity  ; 
and  T.  W.  Case  observed  that  the  trioxide  is  also  a non-conductor,  whilst  L.  Bleekrode 
said  that  it  is  a good  conductor.  A.  Miolati  studied  the  electric  conductivity  of 
mixtures  containing  molybdic  acid.  E.  Friederich  calculated  7-8  xlO10  ohms  for 
the  resistance  of  a metre  wire  1 sq.  mm.  cross-section.  H.  Buff,  and  M.  Guichard 
found  that  molten  molybdenum  trioxide  is  a good  conductor,  and  on  electrolysis 
furnishes  crystals  of  the  tritoctoxide  at  the  cathode  ; K.  W.  G.  Kastner 
obtained  the  metal.  T.  de  Grotthus  observed  that  when  a soln.  of  molybdic 
acid  in  sulphuric  acid  is  electrolyzed,  the  liquid  about  the  cathode  is  coloured 
blue.  G.  Gore  made  a similar  observation  with  respect  to  soln.  in  hydrofluoric 
acid  ; and  J.  Terwelp  found  that  water  with  molybdenum  trioxide  in  suspension 
becomes  blue  about  the  cathode  when  it  is  electrolyzed.  L.  Schicht  also  noticed 
the  blue  soln.  formed  when  a soln.  of  ammonium  molybdate  is  electrolyzed,  and 
J.  G.  Gahn  observed  the  separation  of  what  he  thought  to  be  molybdenum  at  the 
cathode.  G.  Gore  obtained  a black  deposit  on  electrolyzing  fused  molybdic  acid. 
E.  Pechard  found  that  the  electrolysis  of  a soln.  of  ammonium  molybdate  in  hydro- 
chloric or  oxalic  acid  gives  a soln.  of  molybdenum  dioxide,  which,  with  strongly 
ammoniacal  soln.,  gives  a deposit  of  Mo02.H20  on  the  cathode.  A.  Chilesotti  found 
that  the  electrolysis  of  a feebly  acid  soln.  of  molybdic  acid  in  sulphuric  acid  gives 
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a quantitative  separation  of  molybdenum  at  the  mercury  cathode,  but  not  so 
with  a 3N-HoS04  soln.  The  electrolysis  of  a hydrochloric  acid  soln.  of  molybdenum 
trioxide  or  of  a soln.  of  ammonium  molybdate  in  dil.  sulphuric  acid  using  a mercury 
cathode  gives  a soln.  of  tervalent  molybdic  chloride  or  sulphate.  J.  Feree  also 
obtained  molybdenum  amalgam  at  the  mercury  cathode  when  a soln.  of  molybdic 
acid  in  hydrofluoric  acid  was  electrolyzed — current  density  5 amp.  per  sq.  cm.  The 
electrolysis  of  these  soln.  was  also  studied  by  R.  E.  Myers,  E.  F.  Smith  and 
co-workers,  and  A.  Chilesotti  and  A.  Rozzi.  According  to  A.  Chilesotti,  when 
a soln.  of  molybdic  acid  is  electrolyzed,  part  of  the  hydrogen  at  the  cathode  reduces 
the  molybdic  acid,  and  part  escapes  as  a gas,  so  that  the  current  efficiency  for  any 
period  can  be  calculated  by  comparing  the  amounts  of  hydrogen  produced  in  the 
cell,  and  in  a voltameter  in  the  same  circuit.  When  the  reduction  is  completed, 
the  current  efficiency  is  zero.  With  a soln.  containing  3-5  per  cent,  of  molybdenum 
trioxide  in  9Ar-HCl,  and  a mercury  cathode,  and  high  current  densities,  a large 
fraction  of  the  current  is  employed  in  liberating  hydrogen,  but  the  time  required 
for  complete  reduction  is  short.  Increasing  the  cone,  of  the  molybdic  acid 
increases  the  current  efficiency  ; with  the  9A-HC1,  the  current  efficiency  is  at 
first  100,  it  afterwards  falls  regularly  to  zero.  With  4iV-acid,  the  curve  again 
begins  at  100,  but  soon  falls  very  rapidly  to  about  10  and  then  rises  slowly  to  a 
maximum  at  29,  thereafter  falling  to  zero.  With  more  dil.  acid,  the  curve  follows 
a similar  course,  but  the  maximum  occurs  sooner  and  at  a much  higher  value  of 
the  current  efficiency.  The  probable  explanation  is  that  a film  of  oxide  is  first 
formed  on  the  cathode,  which  acts  as  a diaphragm  and  prevents  reduction  ; later 
this  film  is  dissolved  or  reduced  to  metal  and  metallic  molybdenum  amalgam  is 
formed  on  the  surface  of  the  cathode,  the  reducing  action  of  the  amalgam  being 
much  greater  than  that  of  the  mercury  alone.  It  is  known  that  molybdenum 
amalgam  is  formed  in  presence  of  dil.  acid,  but  not  in  cone.  acid.  Rise  of  temp, 
increases  the  current  efficiency  considerably.  The  material  of  the  cathode  has  a 
greater  effect  on  the  current  efficiency.  Using  a soln.  of  3-5  per  cent,  of  molybdenum 
trioxide  in  42V-HC1,  a current  density  of  0042  amp.  per  sq.  cm.  at  10°-20°,  the 
average  current  efficiencies  were,  with  platinized  platinum,  10-6  per  cent.,  mercury, 
18-9  per  cent.,  smooth  platinum,  51*7  per  cent.,  tin,  66-9  per  cent.,  and  lead,  74*5 
per  cent.  In  92V-HC1,  tin  gave  the  best  result,  lead  and  platinum  slightly  worse 
results,  and  mercury  was  worst  of  all  The  behaviour  of  these  metals  has  obviously 
no  connection  with  the  overvoltage  required  to  liberate  hydrogen  in  their  surfaces  ; 
rather  would  it  appear  to  be  connected  with  their  solubility,  both  lead  and  tin 
being  found  in  soln.  after  the  electrolysis,  which  was  not  the  case  with  platinum 
and  mercury.  The  molybdic  acid  is  always  reduced  to  tervalent  molybdenum 
compounds  except  when  a platinized  platinum  cathode'  is  used  ; in  this  case, 
the  reduction  stops  at  the  quinquevalent  stage.  Soln.  in  sulphuric  and  oxalic 
acids  gave  similar  results,  the  tin  cathode  being  insoluble  in  the  oxalic  acid  soln., 
and  the  lead  cathode  insoluble  in  the  sulphuric  acid  soln.  gave  results  similar  to 
those  obtained  with  platinum. 

A.  Chilesotti  also  measured  the  potential  difference  between  platinum  and  the 
soln.  at  different  stages  of  the  reduction.  It  was  found  that  in  all  cases  the  same 
general  result  was  obtained.  The  potential  difference  increases  slowly  as  the 
reduction  proceeds,  until  the  whole  of  the  molybdenum  is  in  the  quinquevalent 
condition  ; it  then  rises  very  suddenly  to  a higher  value,  after  which  it  again 
increases  slowly  until  the  molybdenum  is  almost  reduced  to  the  tervalent  state, 
when  a further  rather  sudden  increase  occurs.  During  the  first  stage  of  the 
reduction,  the  potential  is  doubtless  conditioned  by  the  process  Mo04"-h8H  -f-© 

=Mo +4H20  ; during  the  second  stage,  the  main  change  is  probably  the 

reduction  of  quinquevalent  to  tervalent  molybdenum.  The  final  increase  is 
due  possibly  to  the  formation  of  bivalent  molybdenum  ions.  With  regard  to 
colour,  the  soln.  in  7 A7-  to  9A-HC1  first  becomes  emerald-green  owing  to  the 
formation  of  the  complex  compound  of  the  oxychloride,  M0OCI3  ; they  then  become 
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brown  and  finally  orange-red,  and  contain  complex  compounds  of  the  formula 
(MoCl3,nHCl).  The  soln.  in  more  dil.  hydrochloric  acid  change,  when  the  reduction 
is  almost  complete,  from  a brownish-red  colour  to  a deep  olive-green  colour.  The 
green  soln.  are  unstable  ; they  decompose  water,  taking  up  oxygen  and  becoming 
brownish-red  again.  Both  the  red  and  the  green  soln.  contain  molybdenum 
trichloride,  and  it  is  supposed  that  they  are  related  in  the  same  way  as  the  green 
and  violet  soln.  of  chromic  chloride.  The  soln.  in  sulphuric  acid  behave  similarly. 
The  change  from  one  modification  to  the  other  is  due  possibly  to  the  presence 
of  traces  of  molybdenum  dichloride.  J.  Terwelp  found  that  the  electrolysis  of 
10  per  cent.  soln.  of  (NH4)6Mo7024.4H20,  and  of  2 to  10  per  cent.  soln.  of  normal 
sodium  molybdate  without  diaphragms  gives  only  a small  cathodic  deposit  of 
indefinite  composition  ; with  a diaphragm,  the  former  salt  gives  with  a small 
anode  current  density  a deposit  of  (NH4)2Mo7022-8H20,  and  a yellow  anode  liquid 
of  molybdic  acid.  L.  Ott  found  that  the  electrolysis  of  fused  sodium  or  barium 
polymolybdate  gives  molybdenum  dioxide,  whilst  with  fused  normal  sodium 
molybdate  oxygen  is  given  off  at  the  anode  and  a pulverulent  mixture  of  the  lower 
oxides  is  deposited.  L.  Ott  also  studied  the  electrolysis  of  soln.  of  molybdenum 
trioxide,  and  of  the  sodium  molybdate.  According  to  F.  Forster  and  co-workers, 
the  fact  that  soln.  of  molybdic  acid  in  dil.  hydrochloric  acid  can  only  be  reduced 
to  the  quinquevalent  stage,  whilst  soln.  in  more  cone,  hydrochloric  acid  can  be 
reduced  electrolytically  to  the  tervalent  stage,  is  explained  by  assuming  that  the 
next  stage  to  quinquevalent  molybdenum  is  Mo"’-ions,  which  in  the  presence  of 
a high  cone,  of  Cl'-ions  immediately  form  complex  ions  and  the  static  potential 
of  the  soln.  is  reduced  below  that  necessary  for  the  generation  of  hydrogen  from 
platinized  platinum  electrodes.  If  the  cone,  of  chloride-ions  is  low,  however, 
comparatively  few  complex  ions  are  formed,  and  the  static  potential  of  the  soln. 
remains  higher  than  that  necessary  for  the  evolution  of  hydrogen.  If  polished 
platinum  electrodes  are  used,  however,  owing  to  the  much  higher  potential  necessary 
for  the  evolution  of  hydrogen,  the  tervalent  stage  can  be  reached  even  in  dil. 
hydrochloric  acid  soln.  The  electrolytic  reduction  of  molybdenum  shows  changes 
of  potential  parallel  with  those  occurring  in  vanadium  and  titanium  soln.  under 
similar  conditions.  L.  Holla  and  G.  Piccardi  found  that  molybdenum  trioxide, 
completely  freed  from  bases  by  sublimation,  has  an  electro-affinity  of  2-73  volts, 
calculated  on  the  assumption  that  no  dissociation  occurs  at  1970°  K. 

According  to  H.  T.  S.  Britton  and  W.  L.  German,  the  electrometric  titration 
curve  of  soln.  of  sodium  molybdate  with  hydrochloric  acid  shows  an  inflexion  at 
Ph=4-8,  corresponding  with  the  formation  of  3Na20.7Mo03  (or  5Na20.12Mo03). 
By  boiling  the  soln.  or  ageing  it  prior  to  measuring  the  pH~curve  furnishes  a 
sharper  inflexion  corresponding  with  Na20.4Mo03.  In  acidified  soln.  the  sodium 
polymolybdate,  which  is  first  formed,  gradually  decomposes  and  yields  a highly 
ionized  polymolybdic  acid,  which  causes  the  p-&  of  the  soln.  to  assume  slightly 
lower  values  than  would  be  produced  by  the  hydrochloric  acid.  A further  addition 
of  acid  causes  the  ionization  of  the  poly-acid  to  be  thrown  back  until  only  non- 
ionized  molybdenum  trioxide  remains  in  soln.  ; only  from  relatively  cone.  soln. 
is  the  trioxide  precipitated  on  boiling.  The  changes  of  conductivity  during  the 
titration  in  general  confirm  the  results  obtained  by  the  electrometric  method. 
The  addition  of  a weak  acid,  such  as  acetic  or  phenylacetic,  to  a sodium  molybdate 
soln.  causes  the  formation  of  a stable  polymolybdate,  Na20.3Mo03,  which  is  not 
further  decomposed  by  the  weak  acid  ; in  soln.  containing  monochloroacetic  acid, 
the  salt  formed  has  a composition  between  Na20.3Mo03  and  Na20.5Mo03.  In 
soln.  of  molybdic  acid  there  probably  exists  an  equilibrium  of  the  type  H2[0(Mo03)n] 
^2H'+[0(Mo03)„]",  where  n is  about  4.  Observations  were  also  made  by 
A.  Travers  and  L.  Malaprade,  by  A.  Dumansky  and  co-workers,  W.  F.  Jakob  and 
W.  Trzebiatowsky,  and  D.  D.  Peirce  and  L.  F.  Yntema. 

J.  Reich  found  that  the  olive-green  liquid  obtained  by  the  electrolysis  of  a 
soln.  of  molybdenum  tricxide  in  sulphuric  acid — vide  ■supra - — has  a potential  of 
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— 0-76  volt  with  smooth  platinum,  and  —0-91  volt  with  platinized  platinum  against 
a mercurous  sulphate  electrode.  A.  Ileeff  studied  the  thermoelectric  force  of 
powdered  molybdenum  trioxide  compressed  into  pastilles.  ' E.  Wedekind  and 
C.  Horst  found  the  magnetic  susceptibility  to  be  0876  Xl0“6  mass  unit  at  19-5°. 

S.  Berkman  and  H.  Zocher  gave  0-12  xl0~ 6 mass  unit. 

G.  C.  Gmelin  4 discussed  the  physiological  action  of  salts  of  molybdic  acid. 

T.  G.  y Arnal  studied  the  reactions  of  molybdic  acid  with  various  salts  of  the 
metals.  The  ready  reduction  of  molybdenum  trioxide  was  discussed  by 
W.  Muthmann,6  and  O.  F.  von  der  Pfordten,' and  the  formation  of  complex  anions, 
by  R.  Abegg  and  G.  Bodlander.  Complex  salts  with  the  oxides  of  phosphorus, 
arsenic,  antimony,  bismuth,  and  other  oxides  have  been  prepared  by  0.  W.  Gibbs, 
etc.  K.  W.  G.  Kastner  observed  that  when  molybdenum  trioxide  is  heated  in 
hydrogen,  it  is  reduced  to  the  metal.  E.  W.  Engle  noticed  that  the  reduction 
commences  at  about  300°  ; and  M.  GuicKard  added  that  it  is  reduced  to  Mo02 
between  300°  and  470°,  without  forming  intermediate  oxides,  and  over  500°,  it 
is  reduced  to  the  metal : Mo02+2H2^2H20+Mo — vide  supra.  F.  R.  M.  Hitchcock 
noticed  that  in  the  reduction  of  molybdenum  trioxide  by  hydrogen,  a gas, 
probably  impure  nitrogen,  is  formed.  The  tendency  to  form  a little  nitride  when 
one  of  the  lower  oxides  molybdenum  is  heated  in  air  has  been  observed  by 
E.  Uhrlaub.  G.  Canneri  studied  the  reduction  of  molybdates  with  hydrogen. 

K.  W.  G.  Kastner  found  that  in  the  presence  of  hydrochloric  acid  and  potassium 
amalgam,  or  zinc,  or  copper — or  several  other  metals — molybdenum  trioxide 
is  reduced  to  a blue  soln.  of  a salt  of  a lower  oxide.  C.  Reichard  also  observed 
that  in  the  presence  of  zinc  and  dil.  hydrochloric  or  sulphuric  acid,  molybdenum 
trioxide  gives  a brown  coloration  which  soon  becomes  pale  green ; and  that 
molybdates  give  a transient  reddish-brown  coloration  and  then  a greyish-brown 
precipitate.  E.  Wrede  found  molybdenum  trioxide  not  so  good  as  tungsten  trioxide 
as  a target  for  indicating  the  magnetic  separation  in  a stream  of  unimolecular 
hydrogen.  From  the  conductivity  of  flames  charged  with  molybdenum  trioxide, 

L.  Rolla  and  G.  Piccardi  calculated  the  electronic  affinity  potential  to  be  2-73 
volts.  W.  H.  Rodebush  and  W.  A.  Nichols  found  that  atomic  oxygen,  like 
atomic  hydrogen,  reduces  the  trioxide.  For  the  action  of  water,  vide  infra. 
The  aq.  soln.  has  a sharp  metallic  taste,  and  reddens  litmus,  and,  according  to 

G.  C.  Wittstein,  and  A.  Muller,  it  turns  turmeric  brown,  especially  in  hydrochloric 
or  nitric  acid  soln.  For  the  action  of  hydrogen  dioxide,  vide  infra,  permolybdic 
acid.  E.  Spitalsky  and  A.  Funck  discussed  the  homogeneous  catalytic  decom- 
position of  hydrogen  dioxide  by  sodium  molybdate.  J.  A.  Hedvall  and  N.  von 
Zweigbergh  found  that  barium  dioxide  begins  to  react  at  about  200° — vide  the 
molybdates. 

H.  Rose  found  that  dry  chlorine  converts  molybdenum  trioxide  into  the  dioxy- 
chloride less  readily  than  is  the  case  with  the  dioxide  ; H.  E.  Quantin,  that  at  a 
dull  red-heat,  a mixture  of  chlorine  and  carbon  monoxide  forms  molybdenum  penta- 
chloride.  The  attack  by  chlorine  was  studied  by  R.  Wasmuth  ; and  the  attack  by 
chlorine  trifluoride,  observed  by  0.  Ruff,  and  H.  Krug,  proceeds  with  incandescence. 

H.  Debray  observed  that  hydrogen  chloride  at  150°^200°,  forms  the  white  dihydro- 
chloride, Mo03.2HCl ; and  K.  W.  G.  Kastner,  that  boiling  hydrochloric  acid 
forms  a blue  soln.  with  the  evolution  of  oxygen,  and  with  boiling  hydriodic 
acid,  iodine  separates  and  a green  and  then  a blue  soln.  is  formed.  B.  Kalischer 
found  that  when  molybdenum  trioxide  is  digested  with  alcoholic  hydrochloric 
acid,  a green  soln.  is  obtained  which  does  not  yield  a crystalline  substance,  but  on 
evaporation,  it  furnishes  a gelatinous,  dark  green  mass  which  dissolvers  partially 
in  water  to  form  a brown  soln.  The  original  green  soln.  gives  a double  salt  with 
pyridine  hydrochloride.  With  alcoholic  hydrobromic  acid,  no  smell  of  aldehyde 
can  be  observed,  and  a yellowish  soln.  is  obtained  which  behaves  something  like 
that  obtained  with  the  hydrochloric  acid  soln.  Aqueous  hydrobromic  acid  forms 
with  molybdenum  trioxide  a deep  brown  soln.  which  becomes  blue  when  water  is 
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added.  No  definite  salt  can  be  isolated  from  the  soln.,  but  if  it  be  sat.  with  hydro- 
gen bromide,  it  gives  a brown,  granular  mass  with  pyridine  hydrobromide. 
H.  0.  Schulze  found  that  molybdenum  trioxide  decomposes  potassium  iodide 
especially  in  the  presence  of  air,  similarly  also  with  the  alkali  bromides  and  chlorides. 
The  reaction  was  also  studied  by  C.  F.  Schonbein.  W.  R.  E.  Hodgkinson  and 
F.  K.  S.  Lowndes  found  that  if  a little  molybdenum  trioxide  be  added  to  molten 
potassium  chlorate,  oxygen  and  chlorine  are  evolved. 

According  to  K.  W.  G.  Kastner,  a little  hydrogen  sulphide  in  the  presence  of 
water,  or  by  the  aid  of  heat,  forms  sulphur  dioxide  and  sulphur,  and  sulphuric 
acid  and  a blue  oxide.  E.  Uhrlaub  observed  that  with  an  excess  of  hydrogen 
sulphide  under  similar  conditions,  molybdenum  sulphide  is  formed.  E.  Abel  studied 
the  catalytic  effect  of  the  trioxide  on  the  reaction  between  hydrogen  dioxide  and 
sodium  thiosulphate.  R.  D.  Hall  observed  that  when  heated  with  sulphur  mono- 
chloride,  the  molybdenum  oxide  dissolves  in  the  liquid  and  a volatile  oxychloride 
is  formed. 

E.  Uhrlaub  found  that  when  the  trioxide  is  heated  with  ammonia,  it  is  decom- 
posed— vide  nitrides,  8.  49,  12  and  21.  T.  Curtius  and  F.  Schrader  said  that 
hydrazine  hydrate  is  vigorously  decomposed  forming  molybdenum  dioxide ; 
and  W.  F.  Jakob  and  W.  Kozlowsky  studied  the  reaction  whereby  quinquevalent 
molybdenum  and  nitrogen  are  formed.  C.  H.  Ehrenfeld,  and  P.  Sabatier  and 

J.  B.  Senderens  observed  no  reaction  with  nitric  oxide  at  500°.  K.  W.  G.  Kastner 
found  that  in  the  presence  of  water,  and  nitrous  acid,  the  blue  oxide  is  formed. 
R.  Hac  and  V.  Netuka  studied  the  reduction  of  nitric  acid  to  nitric  oxide  by  ferrous 
chloride  in  an  acidic  soln.  with  molybdic  acid  as  catalyst.  P.  Kulisch  found  that 
molybdenum  trioxide  is  slowly  attacked  by  phosphine  in  the  cold  and  more  rapidly 
when  heated,  a blue  oxide  being  formed  ; C.  H.  Ehrenfeld  said  that  purple  Mo204  is 
formed.  A.  Michaelis  observed  that  it  is  coloured  blue  by  phosphorus  trichloride, 
and  in  a sealed  tube  at  160°,  it  reacts  : Mo03+PC13=Mo02+POC13  ; and  with 
phosphoryl  chloride  : 2POC13+3Mo03=3Mo02C12+P205.  H.  Schiff  found  that 
with  phosphorus  pentachloride,  molybdenum  trioxide  is  coloured  blue  and  then 
violet,  heat  is  developed,  and  white  and  red  vapours  are  given  off — molybdenum 
oxychloride  is  formed.  C.  H.  Ehrenfeld  added  that  molybdenum  pentachloride, 
mixed  with  some  lower  chlorides,  is  produced.  According  to  J.  J.  Berzelius,  with 
phosphoric  acid,  a lemon-yellow  complex  salt  is  formed — vide  infra,  the  phospho- 
molybdic  acids.  When  fused  with  microcosmic  salt,  molybdenum  trioxide  forms  a 
colourless  mass  in  the  oxidizing  flame,  and  in  the  inner  flame  a blue  or  grey  mass. 
C.  H.  Ehrenfeld  found  that  arsine  acts  like  phosphine. 

J.  J.  Berzelius  observed  that  an  aq.  soln.  of  boric  acid  dissolves  molybdenum 
trioxide ; and  fused  borax  dissolves  molybdenum  trioxide  forming  a clear  glass 
in  the  oxidizing  flame,  but  in  a reducing  flame,  brown  flecks  of  molybdenum 
dioxide  are  formed.  K.  W.  G.  Kastner  observed  that  when  the  trioxide  is  heated 
with  carbon,  it  is  reduced  to  the  metal.  When  the  reduction  is  performed  under 
definite  conditions  a factor  can  be  obtained  which  represents  the  result  with  a 
known  amount  of  molybdate,  and,  keeping  rigorously  to  the  same  conditions, 
it  can  be  assumed  that  the  reduction  proceeds  to  the  same  extent,  and  the  factor 
can  be  employed  to  determine  the  amount  of  molybdenum  in  a given  soln. 
H.  Moissan,  and  H.  N.  Warren  observed  that  with  calcium  carbide,  a molybdenum- 
calcium  alloy  is  formed.  F.  Gobel  reduced  molybdenum  trioxide  to  a brown  or 
violet-brown  oxide  by  heating  it  in  carbon  monoxide,  and  W.  Muthmann  observed 
that  the  trioxide  is  successively  reduced  to  Mo5012— >Mo02->  and  finally  the  metal. 

K.  Chakravarty  and  J.  C.  Ghosh  studied  the  catalytic  action  on  the  reaction 
between  carbon  monoxide  and  hydrogen.  J.  J.  Berzelius  observed  that  carbon 
dioxide  does  not  unite  with  molybdenum  trioxide.  C.  H.  Ehrenfeld  found  that 
ethylene  reduces  the  heated  trioxide  to  bronze-coloured  Mo205  ; similarly  also  with 
acetylene,  but  in  addition  a molybdenum  carbide  is  formed ; methane  reduces 
the  heated  trioxide  to  the  dioxide  and  the  metal ; ethane  has  no  action. 
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J.  Milbauer  found  that  when  the  trioxide  is  fused  with  potassium  thiocyanate, 
molybdenum  disulphide,  potassium  thiomolybdate,  and  potassium  cyanide  are 
formed.  A.  Rosenheim  and  M.  Koss  obtained  a deep  red  soln.  by  boiling  an  excess 
of  molybdenum  trioxide  with  a 10  per  cent.  aq.  soln.  of  thiocyanic  acid.  On 
adding  pyridine  or  quinoline,  complex  salts  are  deposited.  G.  A.  Barbieri  found 
that  if  an  excess  of  ammonium  or  potassium  ferrocyanide,  followed  by  a large 
excess  of  an  ammonium  salt,  is  added  to  the  soln.  of  a molybdate  acidified  with 
acetic  acid,  a lemon-yellow  precipitate,  (NH4)4Fe(CN)6.2Mo03.3H20,  is  obtained 
which  is  so  sparingly  soluble  in  cone.  soln.  of  ammonium  salts  that  the  separation 
of  molybdic  acid  is  almost  quantitative.  H.  E.  Quantin  passed  the  vapour  of 
carbon  tetrachloride  over  heated  molybdenum  trioxide,  and  obtained  molybdenum 
oxychloride  ; at  a red-heat,  molybdenum  pentachloride  is  formed  ; P.  Camboulives 
added  that  this  reaction  occurs  at  510°,  but  A.  Michael  and  A.  Murphy  said 
at  about  280°,  and  added  that  with  a mixturp  of  chlorine  and  carbon  tetrachloride 
vapour  at  200°,  a yellowish-green  oxychloride  is  formed,  mixed  with  unchanged 
molybdenum  trioxide  ; at  225°,  a mixture  of  Mo02Cl2  and  MoOCl4  is  produced  ; 
and  at  240°,  molybdenum  pentachloride.  According  to  A.  Benrath,  an  aq.  soln. 
of  ammonium  molybdate  when  diluted  with  an  equal  vol.  of  either  ethyl  alcohol 
or  methyl  alcohol  and  exposed  to  sunlight  changes  to  blue  after  a short  exposure, 
and  a reddish-brown  substance  is  deposited  on  the  side  of  the  flask  on  which  the 
light  falls.  This  compound  has  the  formula  (NH4)2Mo04.2Mo03.2Mo02.6H20. 
In  this  formation  only  the  complex  acid  group,  MoO?.  and  not  the  neutral 
ammonium  molybdate,  is  reduced.  Colloidal  molybdic  acid  is  rapidly  reduced 
by  alcohol  to  the  blue  oxide,  Mo304  ; and  S.  Ghosh  and  A.  K.  Bhattacharya  studied 
the  photochemical  reduction  of  molybdic  acid  by  ethyl  alcohol.  L.  Fernandes 
studied  compounds  of  molybdenum  trioxide  with  gallic  acid,  pyrocatechol,  and 
pyrogallol ; E.  Darmois,  and  T.  S.  Patterson  and  0.  Buchanan,  the  effect  of  the 
sodium  salt  on  the  optical  activity  of  malic  acid,  and  tartaric  acid.  C.  E,  Guignet 
found  molybdic  acid  to  be  a solvent  for  prussian  blue.  M.  D.  de  Plaza  studied  the 
action  of  ammonium  molybdate  on  potassium  isobutylxanthate.  H.  N.  Warren 
said  that  molybdenum  trioxide  is  easily  reduced  when  heated  with  silicon. 
L.  Kahlenberg  and  W.  J.  Trautmann  observed  that  a good  reaction  occurs  when  a 
mixture  of  molybdenum  trioxide  and  silicon  is  heated  in  the  electric  arc  furnace. 
G.  Rauter  found  that  when  heated  with  silicon  tetrachloride,  chlorine,  silica,  MoCl5, 
MoOC14,  and  Mo02Cl2,  are  formed  ; C.  H.  Ehrenfeld  observed  no  reaction  when  the 
two  compounds  are  heated  together.  K.  Fuwa  studied  the  colouring  action  of 
molybdenum  compounds  on  glass. 

J.  L.  Gay  Lussac  and  L.  J.  Thenard,  and  K.  W.  G.  Kastner  found  that  potassium 
or  sodium,  when  heated  with  molybdenum  trioxide,  reduce  it  with  incandescence 
to  the  metal.  H.  N.  Warren  found  that  when  the  trioxide  is  heated  with  molten 
magnesium,  a violent  detonation  occurs  ; and  C.  II.  Ehrenfeld  found  that  with 
powdered  magnesium  in  air,  the  hemitrioxide  is  formed,  and  in  hydrogen,  the 
dioxide  ; with  zinc,  in  air,  the  hemipentoxide  is  formed  ; and  in  hydrogen,  Mo409  ; 
and  with  aluminium,  the  blue  oxide  is  formed  in  air,  and  in  hydrogen,  no  action 
occurs,  probably  because  the  trioxide  is  reduced  by  the  hydrogen  before  the 
aluminium  can  act — vide  supra,  the  preparation  of  molybdenum.  It  is  generally 
supposed — W.  A.  Noyes  and  E.  D.  Frohman,  D.  L.  Randall,  C.  Reinhardt,  W.  Scott, 
and  B.  Glassmann — that  when  a soln.  of  say  ammonium  molybdate  is  reduced 
by  zinc  and  dil.  sulphuric  acid,  out  of  contact  with  air,  a salt  of  the  oxide,  Mo203, 
is  formed,  and  volumetric  methods  for  determining  molybdenum,  by  the  titration 
of  the  reduced  oxide  back  to  Mo03,  have  been  based  on  this  assumption.  It  is, 
however,  very  difficult  to  drive  the  reduction  until  all  the  MoO^  is  reduced  to  Mo203. 
E.  H.  Miller  and  II.  Frank,  aud  A.  A.  Blair  and  J.  E.  Whitfield,  said  that  an  acid 
soln.  of  the  trioxide  is  reduced  by  zinc  to  Mo24037  ; O.  F.  von  der  Pfordten  said 
Mo5U7 ; and  A.  Werncke,  O.  S.  Doolittle  and  A.  Eavenson,  and  C.  Jones,  Mo12019, 
whilst  C.  B.  Dudley  obtained  slightly  different  results.  E.  Berger  and  L.  Delmas 
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found  that  the  presence  of  molybdenum  trioxide  facilitates  the  combustion  of 
carbon  in  air.  According  to  A.  C.  Chapman  and  H.  D.  Law,  molybdenum  trioxide 
is  completely  reduced  to  the  molybdic.  oxide  by  the  action  of  zinc  or  magnesium 
in  sulphuric  or  hydrochloric  acid  soln.  ; zinc  coated  with  nickel,  silver,  cadmium, 
or  platinum  also  effects  complete  reduction  ; the  action  is  fastest  with  zinc  coated 
with  cadmium.  C.  Boulanger  studied  the  reduction  of  soln.  of  molybdenum  salts 
by  zinc,  and  aluminium.  A.  Chilesotti  found  that  mercury,  tin,  and  lead  reduce 
a hydrochloric  acid  soln.  of  molybdenum  trioxide  to  form  molybdenum  trichloride. 
G.  Cannerei  studied  the  reduction  with  tin.  J.  J.  Berzelius  said  that  molybdenum 
has  no  action  when  heated  with  the  trioxide,  but  G.  E.  Uhrlaub  observed  that 
molybdenum  reduces  molybdenum  trioxide  suspended  in  water  to  a blue  soln. 
K.  Someya  found  that  bismuth  and  lead  amalgams  reduce  molybdates  to  quin- 
quevalent  molybdenum.  According  to  M.  Guichard,  when  a soln.  of  the  com- 
pound Mo03.S03,  containing  not  less  than  560  grms.  H2S04  per  litre,  is  placed  in 
contact  with  a large  excess  of  powdered  molybdenum  in  a closed  vessel  for  a 
period  of  several  months,  a brown  soln.  is  obtained  which  contains  a salt  of  the 
oxide  Mo205  and  not  of  the  oxide  Mo02  as  stated  by  C.  F.  Rammelsberg.  This 
fact,  taken  in  conjunction  with  the  results  obtained  by  G.  Bailhache,  and  P.  Klason, 
renders  it  probable  that  the  oxide  Mo02  does  not  form  salts.  G.  E.  Uhrlaub 
found  that  stannous  chloride  reduces  molybdenum  trioxide  to  a blue  oxide ; and 
E.  D.  Campbell  said  that  the  reduction  of  a hydrochloric  acid  soln.  of  the  trioxide 
forms  molybdenum  pentachloride,  which  can  be  titrated  back  by  a soln.  of 
potassium  dichromate.  A.  Geuther  observed  that  the  vapour  of  ferric  chloride 
is  absorbed  by  red-hot  molybdenum  trioxide  to  form  ferric  oxide  and  molybdenum 
oxychloride.  According  to  R.  H.  Bradbury,  an  aq.  soln.  of  potassium  chromate 
reacts  : 2K2Cr04-f  Mo03==K2Cr207+K2Mo04 ; and  with  molten  potassium 

dichromate,  potassium  chromatotrimolybdate  is  formed.  The  catalytic  effect 
of  molybdenum  oxide  in  the  oxidation  of  ammonia,  and  sulphur  dioxide  is  discussed 
in  connection  with  these  compounds  ; C.  Killing  discussed  the  effect  of  molybdenum 
oxide  in  tlioria  gas  mantles  (q.v.).  H.  Brintzinger  and  F.  Oschatz  studied  the  electro- 
metric titration  of  molybdates  with  chromium  dichloride,  following  the  reaction 
down  to  the  formation  of  trivalent  molybdenum.  D.  Balareff  and  N.  Lukowa  ex- 
amined the  effect  of  molybdenum  trioxide  on  the  boiling  temp,  of  calcium  carbonate. 

According  to  T.  Graham,6  a soln.  of  sodium  molybdate  can  be  decomposed 
by  the  gradual  addition  of  an  excess  of  hydrochloric  acid  without  an  immediate 
precipitation  of  molybdenum  trioxide.  The  acid  liquor  may  gelatinize  in  a few 
hours  on  a dialyzer,  but  it  again  passes  into  the  sol-form  as  the  salts  diffuse  away. 
After  repeated  additions  of  hydrochloric  acid,  and  a dialysis  of  several  days,  about 
60  per  cent,  of  the  oxide  remains  as  a colloid  solution  of  molybdic  acid.  During 
the  dialysis,  endosmosis  is  great,  so  that  the  acid  soln.  in  the  dialyzer  increases 
2 or  3 times  its  original  volume.  The  consequent  dilution  makes  the  purification 
slow.  The  colloidal  soln.  is  yellow  ; it  has  an  astringent  taste,  and  is  acidic  to 
test-paper.  It  is  fairly  stable,  and  the  acid  can  be  dried  at  100°  without  losing 
its  solubility.  The  dry  acid  is  more  or  less  vitreous  like  gum  or  gelatin,  and  some- 
times adheres  so  strongly  to  the  surface  of  the  evaporating  basin  as  to  detach 
portions  of  it.  When  heated  short  of  its  volatilizing  temp.,  the  powder  all  dissolves 
in  a soln.  of  potassium  carbonate  or  hydrocarbonate  with  the  evolution  of  carbon 
dioxide.  The  colloid  forms  crystalline  salts  with  the  alkalies  ; and  it  becomes 
insoluble  when  heated  for  some  time  with  hydrochloric  acid  or  other  strong  acids. 
A.  Sabaneeff,  C.  E.  Linebarger,  and  A.  Lottermoser  obtained  a similar  product ; 
and  probably  also  F.  Ullik — vide  infra. 

A.  Sabaneeff  found  that  when  the  dialyzed  soln.  is  evaporated  over  sulphuric 
acid,  in  vacuo,  it  leaves  transparent,  hygroscopic,  gum-like  crusts,  soluble  in  water 
without  change,  but  on  heating  the  soln.  a white  precipitate  separates,  and  on 
evaporating  to  dryness  an  insoluble  residue  is  left.  Immediately  after  preparation, 
the  salt  contains  11-2  per  cent,  of  water ; after  drying  for  several  weeks  over  sul- 
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phuric  acid,  only  6-92  per  cent.  With  the  time  of  drying,  the  solubility  of  molybdic 
acid  in  water  is  found  to  decrease,  and  after  some  time  it  becomes  insoluble.  The 
depression  of  the  f.p.  for  soln.  containing  1 -6-5-1  parts  in  100  parts  of  water  gives 
a mol.  wt.  of  608-631,  the  number  calculated  for  (M03)4  being  576.  According  to 
A.  Rosenheim  and  I.  Davidsohn,  the  soln.  prepared  by  T.  Graham’s  method  pro- 
bably contain  no  colloidal  acid,  since  the  addition  of  electrolytes  does  not  cause 
precipitation.  Colloidal  molybdic  acid  was  obtained  by  evaporating  a soln.  of  the 
dihydrate  over  sulphuric  acid,  under  reduced  press.,  at  20°,  or  by  warming  a soln. 
of  a mol  of  sodium  molybdate  and  4 mols  of  hydrochloric  acid.  The  vitreous  mass 
so  obtained  is  readily  soluble,  forming  an  opalescent  liquid,  from  which  electrolytes 
readily  precipitate  the  colloidal  acid.  A.  V.  Dumansky  and  co-workers  found  that 
the  conductivity  curve,  and  the  curve  for  the  lowering  of  the  f.p.  on  adding  acid 
to  a soln.  of  sodium  molybdate,  show  well-defined  maxima  and  minima  correspond- 
ing with  the  formation  of  intermediate  complexes  before  colloidal  particles  of 
molybdic  acid  are  formed,  say  Na2Mo04+2HCl=2NaCl+H2Mo04,  and 
H2Mo04-(-Mo04,'=H20-l-[Mo04.Mo03]".  When  small  proportions  of  hydro- 
chloric acid  are  successively  added  to  a soln.  of  sodium  molybdate,  the  free  acid 
acts  in  successive  stages  : Na2Mo04-fH2Mo04=Na20(Mo03)2+H20,  etc.  ; this 
is  indicated  by  the  electrolytic  and  cryoscopic  methods.  The  two  salts,  Na20(Mo03)4 
and  Na20(Mo03)8,  were  synthesized.  The  colloidal  particles  appear  only  when  the 
octomolybdate  is  formed.  The  colloid  was  not  coagulated  either  by  cooling  or 
heating  or  addition  of  electrolytes,  and  had  an  apparent  mol.  wt.  of  1139  ; it  thus 
could  be  classed  with  the  semi-colloids.  A second  modification  of  the  colloid — 
a suspension  of  the  oxide  Mo03,  which  has  much  larger  particles,  exhibiting 
Brownian  movement — also  exists.  G.  Wegelin  prepared  colloidal  soln.  by  a pro- 
longed grinding  of  the  powder  in  an  agate  mortar. 

G.  Bruni  and  N.  Pappada  observed  no  variation  in  the  vap.  press,  of  colloidal 
soln.  They  applied  the  term  semi-colloid  to  colloidal  molybdic  acid  prepared  by 
T.  Graham’s  process,  because  it  readily  passes  through  a dialyzer,  and  gives  small 
depressions  of  the  f.p.  which  are  quite  appreciable,  and  proportional  to  the  con- 
centration. True  colloids  do  not  really  dissolve,  but  they  remain  suspended  in 
the  liquid  in  a fine  state  of  subdivision,  and  they  have  a constant  f.p.  On  freezing 
true  solutions  there  are  three  co-existent  phases — ice,  soln.,  and  vapour — the  system 
is  mono-variant ; whilst  in  the  case  of  a soln.  containing  a solid  in  suspension, 
there  is  another  phase  and  the  system  is  non-variant.  L.  Wohler  and  W.  Engels 
confirmed  G.  Bruni  and  N.  Pappada’s  observation  that  with  a 3 weeks’  dialysis 
of  T.  Graham’s  soln.,  all  the  molybdic  acid  diffuses  through  the  parchment. 
H.  Picton  and  S.  E.  Linder  also  found  that  T.  Graham’s  .colloidal  soln.  does  not 
show  Tyndall’s  effect.  The  ultramicroscopic  observations  of  L.  Wohler  and 
W.  Engels  show  that  soln.  of  molybdic  acid  can  be  obtained  in  the  colloidal  or  non- 
colloidal  state.  By  acidifying  a soln.  of  a molybdate,  the  molybdic  acid  poly- 
merizes but  the  particles  are  so  small  that  the  soln.  behaves  as  an  electrolyte  in 
diffusing  through  a parchment  membrane  ; whether  or  not  the  particles  coalesce 
further  depends  on  the  age  of  the  soln.,  the  presence  of  electrolytes,  the  temp, 
and  other  physical  conditions.  W.  von  Behren  and  I.  Traube  studied  the  colloid 
-^crystal  transformation.  S.  Ghosh  and  N.  R.  Dhar,  and  D.  N.  Chakravarti  and 
N.  R.  Dhar  measured  the  viscosity  of  colloidal  soln.  of  molybdic  acid.  R.  Wintgen 
found  that  the  sp.  gr.  and  refractive  index  of  the  colloidal  soln.  are  linear  functions 
of  the  cone.  ; and  the  sp.  vol.,  v,  and  the  product  of  the  sp.  vol.  and  the  refractive 
index,  /x,  are  linear  functions  of  the  percentage  content,  p,  of  the  disperse  phase  so 
that  v=l -00289 -0-0079682p,  and  v/z=l -33630  -0-008403p.  W.  Reinders  dis- 
cussed the  distribution  of  the  colloid  between  two  liquids  ; and  E.  F.  Krause  and 
A.  V.  Novoseloff,  the  adsorption  of  the  colloid  by  the  membrane  in  ultrafiltration. 

C.  F.  Bucholz  7 found  that  100  parts  of  cold  water  dissolve  0-2  part  of  molyb- 
denum trioxide  ; and  H.  Debray,  0-18  part  of  cold  water  and  less  in  hot  water ; 
and  0.  Hatchett  said  that  100  parts  of  hot  water  dissolve  0-104  part  of  the  trioxide. 
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The  soluble  molybdic  acid  of  F.  Ullik  is  probably  identical  with  T.  Graham’s 
colloidal  molybdic  acid.  F.  Ullik  prepared  it  by  treating  a thin  mush  of  barium 
molybdate  with  enough  sulphuric  acid  to  precipitate  the  barium  as  sulphate.  The 
filtrate  is  treated  with  barium  chloride  and  hydrochloric  acid,  and  again  with 
sulphuric  acid.  The  colourless  soln.,  when  evaporated 'over  sulphuric  acid,  dries 
to  an  amorphous  powder.  This  is  soluble  in  water  when  freshly  prepared,  but 
with  ageing  it  becomes  insoluble.  If  the  soln.  be  evaporated  on  a water-bath,  and 
dried  at  100°,  or  if  magnesium  molybdate  be  treated  with  an  excess  of  nitric  acid, 
and  the  washed  powder  dried  at  100°,  the  composition  of  the  product  approximates 
Mo03.»iH20,  where  n lies  between  0-20  and  0-22.  L.  S.  Bhatia  and  co-workers,  and 
W.  V.  Bhagwat  and  N.  R.  Dhar  studied  the  coagulation  of  colloidal  molybdic  acid. 
E.  F.  Krauze  and  A.  V.  Novoseloff  considered  that  the  adsorption  of  molybdic  acid 
by  porous  clay  tubes  covered  with  collodion  is  a mechanical  process  in  which  large 
aggregates  are  held  in  the  pores.  The  adsorption  is  preceded  by  a process  of 
complex  formation. 

J.  J.  Berzelius  obtained  small,  silky,  crystalline  scales  by  the  spontaneous 
evaporation  of  a soln.  of  molybdenum  or  one  of  its  lower  oxides  in  an  excess  of 
nitric  acid.  The  product  lost  on  ignition  about  2 per 
cent,  of  water.  The  existence  of  two.  definite  hydrates 
has  been  established.  G.  F.  Hiittig  and  B.  Kurre 
measured  the  dissociation  temp,  of  the  hydrates,  start- 
ing from  the  yellow  precipitate  from  a nitric  acid  soln. 
of  ammonium  molybdate.  The  results,  plotted  in  Fig.  12, 
show  that  these  two  hydrates  exist  as  chemical  indi- 
viduals. The  white  a-monohydrate  differs  from  the 
yellow  dihydrate,  even  in  aq.  soln.  A.  Mazzucchelli  and 
M.  Borghi  showed  that  the  a-monohydrate  is  readily 
obtained  by  treating  methyl  molybdate  with  water.  Its 
behaviour  with  tartaric  acid  and  hydrogen  dioxide  is 
analogous  to  that  of  the  yellow  acid,  but  the  rotary 
powers  of  soln.  of  the  same  composition  are  different, 
and  the  maximum  corresponds  with  the  existence  of  a 
compound  C4H406.5(Mo03.H302),  thus  affording  a further 
proof  of  the  difference  between  the  two  acids. 

The  monohydrate  of  molybdic  oxide,  Mo03.H20,  is  considered  to  be  a kind  of 
metamolybdic  acid,  H2Mo04,  because  the  X-radiograms  of  H.  C.  Burger  show  that 
the  angles  of  reflection  are  different  from  those  of  molybdenum  trioxide.  F.  Ullik 
prepared  this  hydrate  by  treating  a mol.of  magnesium  molybdate  with  2 mols  of  nitric 
acid,  and  allowing  the  white  powder  to  stand  for  some  time  when  prismatic  crystals 
are  formed.  L.  C.  A.  Yivier  found  that  white  crystals  of  this  hydrate  separated 
from  a soln.  of  ammonium  molybdate  in  nitric  acid,  and  from  a soln.  of  an  ordinary 
molybdate  on  standing  for  several  days  at  50°  to  60°.  F.  Ephraim  and  M.  Brand 
obtained  the  monohydrate  as  a precipitate  on  mixing  a soln.  of  a mol  of  normal 
lithium  molybdate  with  7 mols  of  nitric  acid  of  sp.  gr.  1-20,  while  warmed  on  a water- 
bath.  A.  Rosenheim  and  A.  Bertheim  obtained  it  by  warming  the  dihydrate  to 
70°.  A.  Rosenheim  and  I.  Davidsohn  designate  this  the  fi-monohydrate  to  dis- 
tinguish it  from  the  a-monohydrate  which  is  formed  in  asbestos-like,  white  needles 
when  a soln.  of  the  dihydrate  is  kept  at  40°-50°.  The  /3-form  occurs  in  small  white 
needles.  The  a-form  differs  from  the  /3-hydrate  in  having  a more  definite  crystal 
habit,  and  in  the  rapidity  with  which  it  settles  from  a suspension  in  water.  The 
a-hydrate  is  also  said  to  lose  its  water  of  crystallization  more  readily  than  the 
/3-form.  L.  C.  A.  Vivier  said  that  the  monohydrate  forms  crystals  which  are 
probably  hexagonal.  A.  Rosenheim  and  I.  Davidsohn  found  the  solubility  of  the 
a-monohydrate,  S grms.  Mo03  per  100  grins,  of  water : 
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At  about  60°,  there  is  a break  in  the  curve,  indicating  that  the  a-monohydrate 
is  transformed  into  the  /3-variety.  The  mol.  conductivity,  /la  mhos,  of  the  soln. 
of  the  a-monohydrate  closely  resembles  that  of  methyl  molybdate.  For  soln.  with 
a mol  of  the  a-monohydrate  in  v litres,  at  25°, 

v . . 31-3  62-6  125-2  250-4  500-8  1001-7 

fi  . . 71-4  89-4  95-2  96-9  100-3  104-1 

Cryoscopic  determinations  show  that  the  molybdic  acid  in  the  a-monohydrate  has 
a smaller  mol.  wt.  than  is  the  case  with  the  dihydrate.  The  rate  of  hydrolysis 
of  methyl  molybdate  shows  that  the  a-monohydrate  is  a weaker  acid  than  the 
dihydrate. 

According  to  A.  Travers  and  L.  Malaprade,  cold,  aq.  soln.  of  the  mono-  or 
di-hydrate  of  molybdenum  trioxide  differ  from  soln.  made  at  100°  and  cooled,  both 
in  colour,  and  in  their  reactions  with  potassium  ferrocyanide.  It  is  assumed  that 
both  molybdic  acid,  H2[Mo04],  and  tetramolybdic  acid,  H2[4Mo03.0],  are  present 
in  the  soln.,  and  that  the  latter  ionizes : H20.4Mo03^2H'-|-[4Mo03.0].  This 
is  confirmed  by  the  neutralization  curve  which  shows  inflexions  at  4Mo03.K20 
and  Mo03.K20,  the  first  resulting  from  the  complete  neutralization  of  the  acid 
4Mo03.H20,  and  the  second  from  the  decomposition  of  the  salt  formed  first  by  the 
alkali.  In  support  of  this,  the  reactions  of  the  tetramolybdate  are  found  to  be 
quite  different  from  those  of  the  neutral  salt.  From  the  analogy  with  the  tungstic 
acids,  4Mo03.H20  is  called  metamolybdic  acid.  S.  I.  Diatschkovsky  and 
A.  V.  Dumansky  showed  that  with  soln.  of  10  eq.  of  sodium  molybdate  and  10  eq.  of 
hydrochloric  acid,  the  complex  tetramolybdate,  Na20(Mo03)4,  was  formed ; with 
12  eq.  of  acid,  Na20(Mo03)8  was  produced.  This  soln.  does  not  coagulate  at  100° 
nor  when  electrolytes  are  added. 

M.  Jungck,  and  S.  Kern  made  some  observations  on  the  yellowish  crystalline 
substance  which  separates  when  a soln.  of  an  alkali  molybdate  in  nitric  acid  is 
allowed  to  stand  for- a time.  F.  Parmentier  showed  that  the  deposit  is  the  dihydrate 
of  molybdic  acid,  Mo03.2H20,  or,  if  H6Mo06  be  orthomolybdic  acid,  it  can  be 
regarded  as  paramolybdic  acid,  H4Mo05,  although  the  term  para-molybdate  is 
usually  applied  to  a salt  of  another  molybdic  acid.  The  dihydrate  is  not  formed 
in  hydrochloric  acid  soln.  of  the  alkali  molybdates.  J.  H.  Graham,  and  A.  A.  Blair 
and  J.  E.  Whitfield  also  found  that  the  yellow  deposit  from  the  nitric  acid  soln. 
of  alkali  molybdate  is  dihydrated  molybdenum  trioxide.  J.  Terwelp  obtained 
the  dihydrate  in  the  anode  chamber  during  the  electrolysis  of  soln.  of  molybdates. 
A.  Rosenheim  obtained  it  by  pourifig  a soln.  of  15  grms.  of  commercial  (3  : 7)- 
ammonium  molybdate  in  a litre  of  water  with  constant  stirring  to  29-30  per  cent, 
nitric  acid  (300  c.c.  of  nitric  acid  of  sp.  gr.  1-42  diluted  to  a litre),  and  allowing  the 
soln.  to  stand  at  20°-  25°  for  8 to  10  days  after  inoculation  with  a crystal  of  the 
dihydrate.  F.  Parmentier,  and  L.  C.  A.  Vivier  observed  that  the  lemon-yellow, 
prismatic  crystals  are  monoclinic  ; and  A.  de  Schulten  added  that  the  axial  ratios 
are  a:b  : c : =1-0950  : 1 : 1-0664,  and  /8=90°  41'.  The  angle  between  the  basal 
plane  and  the  orthopinacoid,  i.e.  (001)  : (100),  is  89°  19',  making  the  crystals 
appear  at  first  glance  as  though  they  were  cubes.  The  sp.  gr.  is  3-124  at  15°. 
F.  Parmentier  said  that  the  crystals  are  efflorescent  and  lose  half  their  water  over 
sulphuric  acid,  in  vacuo  ; and  at  200°,  they  lose  all  their  water.  A.  Rosenheim  and 
A.  Bertheim  found  that  the  dihydrate  cannot  be  regenerated  after  it  has  been 
converted  at  70°  into  the  monohydrate. 

E.  Bruchhaus  examined  the  reduction  of  ammonium  molybdate  by  hydrogen. 
The  solubility,  S grms.  of  Mo03  in  100  grms.  of  water,  is, 

18°  23°  40°  50-2°  00°  70°  75°  70° 

S . 0-1066  0-1856  0-4701  0-6873  1-2057  2-0550  2-0920  2-1064 

There  is  a marked  break  in  the  solubility  curve  at  70°  corresponding  with  the 
transformation  of  the  dihydrate  into  the  monohydrate.  A.  Rosenheim  and 
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I.  Davidsohn  found  that  the  solubility  curves  of  the  dihydrate  and  the  a-mono- 
hydrate  intersect  at  32° ; and  A.  Rosenheim  and  A.  Bertheim  showed  that  there 
is  a change  in  the  direction  of  the  solubility  curve  of  the  dihydrate  at  50°,  and 
possibly  below  18°  another  change  of  direction,  occurs.  The  solubility  determined 
by  saturating  at  a particular  temp,  is  lower  than  that  obtained  by  saturating  at 
a higher  temp,  and  then  cooling  in  contact  with  solid.  This  anomalous  behaviour 
seems  not  to  be  due  to  the  formation  of  a colloidal  soln.,  because  the  apparently 
supersaturated  soln.  diffuses  quite  readily.  The  cryoscopic  observations  of 
A.  Rosenheim  and  A.  Bertheim  showed  that  the  mol.  wt.  approximates  (Mo03)4 ; 
and  those  of  A.  Mazzucchelli  and  G.  Zangrilli,  (Mo03)6.  The  solubility  of  the 
dihydrate  is  greatly  increased  by  the  addition  of  ammonium  salts ; e.g.  with  a 10 
per  cent.  soln.  of  ammonium  hydrosulphate,  the  solubility,  S grms.  of  Mo03  per 
100  grms.  of  solvent,  is  1-927  at  29-6°  ; 2-753  at  31-5°  ; 3-436  at  41-8°  ; and  3-769 
at  49-7°.  This  is  taken  to  mean  that  the  dihydrate  is  not  a colloid.  The  mol. 
conductivity,  fi  mhos,  of  soln.  with  a mol  of  the  dihydrate  in  v litres  of  water,  at 
25°,  is, 

V . . 16-56  33-12  66-24  132-48  264-96  529-92  1059-84 

H . . 98-28  130-10  150-0  159-7  163-5  168-7  180-3 

Acetic  acid  and  boric  acid  exert  scarcely  any  influence  on  the  conductivity  of 
molybdic  acid  soln.  Tartaric  acid,  malic  acid,  and  mannitol  greatly  increase  the 
conductivity,  and  this  is  attributed  to  the  formation  of  a complex  molecule.  On 
account  of  hydrolysis  of  the  complex  molecule  at  high  dilution,  the  increase  of  the 
conductivity  diminishes  somewhat  with  the  dilution.  Oxalic  acid  and  iodic  acid, 
which  form  complex  molecules  with  molybdic  acid,  which  can  be  isolated,  diminish 
the  conductivity,  but  this  may  be  due  to  the  complex  ion  having  a smaller  speed 
of  migration.  Phosphoric  acid  also  increases  the  conductivity,  the  maximum 
being  reached  when  phosphodecamolybdic  acid  is  present.  The  ionization  constant 
of  the  acid  in  soln.  of  the  dihydrate  was  found  by  A.  Rosenheim  and  A.  Bertheim 
to  be  k— 0-052  at  25°  when  calculated  from  the  velocity  of  hydrolysis  of  methyl 
acetate  which  is  0-88.  These  results  all  show  that  the  acid  is  greatly  ionized  in 
aq.  soln.  Cryoscopic  measurements  indicate  that  in  the  soln.,  an  octomolybdic 
acid,  H2Mo8025,  is  present,  and  these  are  supported  by  the  fact  that  on  adding 
ammonium  salts,  ammonium  octomolybdate,  (NH4)2Mo8025.13H20,  separates. 

E.  Darmois  and  A.  Honnelaitre,  and  A.  Honnelaitre  made  a study  of  complexes  of 
molybdic  and  malic  acids  ; and  E.  Rimbach  and  P.  Ley,  mixtures  of  molybdic  and 
hydroxy-organic  compounds  which  were  found  to  augment  the  acidity  of  molybdic 
and  boric  acids.  R.  F.  Weinland  and  co-workers  also  studied  this  subject. 

F.  Parmentier  observed  that  the  dihydrate  is  sparingly  soluble  in  water  and  acids 
at  different  temp. ; it  dissolves  completely  in  soln.  of  alkali  hydroxides  and  car- 
bonates, and,  on  evaporation,  these  soln.  furnish  ordinary  molybdates.  K.  von  der 
Heide  studied  the  action  of  hydroxylamine,  and  of  potassium  cyanide.  The  soln. 
in  aq.  ammonia  remains  clear  when  magnesia  mixture  is  added,  and  precipitates 
molybdenum  trioxide  when  nitric  acid  is  added  to  the  aq.  soln.  E.  Muller, 
H.  H.  Willard  and  F.  Fenwick,  and  O.  Tomicek  studied  the  electrometric  reduction 
of  soln.  of  sexivalent  molybdenum  by  titanous  salt  soln.  R.  Hac  and  V.  Netuka 
studied  its  catalytic  action  on  the  reduction  of  nitric  acid  by  ferrous  chloride. 

According  to  F.  Mylius,  no  solid  orthomolybdic  acid,  H6Mo06,  exists  corre- 
sponding with  orthotelluric  acid,  H6Te06.  The  colourless  molybdic  acid  obtained 
in  aq.  soln.  corresponds  with  aWotelluric  acid,  with  which  it  agrees  in  having  an 
indefinitely  large  solubility  in  cold  water,  complex  composition,  in  being  soluble  in 
alcohol,  in  being  precipitated  in  the  form  of  acid  salts,  and  in  precipitating  solutions 
of  proteids.  Of  the  solid  forms  of  molybdic  acid,  the  yellow  acid,  H3Mo05,  has  the 
greatest  solubility  in  water,  and  is  slowly  formed  when  soln.  of  molybdates  or 
molybdic  acid  are  treated  with  nitric  or  hydrochloric  acid.  As  indicated  above, 
the  dihydrate,  H4Mo05,  is  considered  by  A.  Rosenheim  and  A.  Bertheim  to  be  an 
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octomolybdic  acid,  H2Mo8025,  and  it  is  assumed  that  in  passing  from  one  hydrated 
form  to  another,  various  complex  intermediate  polymerides  of  molybdic  acid  are 
formed — vide  infra. 

G.  Jander  and  co-workers  studied  the  complex  acids,  and  some  of  the  results 
have  been  summarized  in  connection  with  the  electrometric  titration  of  the  acid. 
He  gives  for  the  condensation  products  : 

3[Mo04"]  + 2H'  = |Mo30u""]+  H20  stable  in  the  region  ph=G-1  ; [Mo30 j 1"']+ H‘ 

= [H(Mo3On)"'|,  called,  by  F.  Ullik,  the  “ dimolybdate  ” ; 2[H(Mo3011)",]-f  H" 

= [ H(MoeO + H2(),  stable  in  the  region  pn  = A-5,  and  called,  by  F.  Ullik,  “para- 
molybdates”;  [H(Moc021)"'"]+H'  = [H2(Mo6021)"'-'’],  called,  by  F.  Ullik,  the  “tri- 
molybdates”;  [H2(Mo6O21)'"'i-|-H'  = [H3(Mo8021)'”]'  stable  with  p»  approximately  2-9, 
and  called,  by  F.  Ullik,  “ tetramolybdates  ” or  “ metamolybdates  ” ; 2[H3(Moe021)'"l 
+ 3H‘— -2|  H7(Mo12041)"'i-FH  20,  called,  by  F.  Ullik,  “ octomolybdates  ” ; 2fH7(Mo1204i)"/] 
+ 7(Mo24()7  + 4H20,  called,  by  F.  Ullik, “ decamolybdates  ” ; [H7(Mo240  78)","i 

-f  2H‘  = | H9(Mo24078)"'],  called,  by  F.  Ullik,  “ hexadecamolybdates  ” ; and  [H0(Mo24O78)"' 
+ 3H‘  = H12(Mo240  78),  where  pu  approximates  0-9. 
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§ 11.  The  Monomolybdates— Normal  Molybdates 

The  action  of  liquid  ammonia  on  molybdenum  tri oxide  furnishes  amides  and 
imidies  as  indicated  8.  49,  21.  Normal  ammonium  molybdate,  (NH4)2Mo04, 
crystallizes  from  cone.  soln.  of  molybdenum  trioxide  in  warm,  cone.,  aq.  ammonia 
during  cooling,  or  on  the  addition  of  alcohol.  The  salt  was  obtained  in  this  way 
by  L.  F.  Svanberg  and  H.  Struve,1  J.  C.  G.  de  Marignac,  F.  A.  Fliickiger,  and 
A.  Rosenheim.  A.  Werncke  obtained  it  from  the  mother-liquor  in  the  preparation 
of  ammonium  phosphomolybdate  ; and  A.  S.  Garnak  described  a method  of  pre- 
paring the  salt  from  ferromolybdenum.  Analyses  in  accord  with  the  formula  were 
made  by  L.  F.  Svanberg  and  H.  Struve,  F.  A.  Fliickiger,  A.  Werncke,  and  G.  Wempe. 
L.  F.  Svanberg  and  H.  Struve  described  the  crystals  as  four-sided  prisms. 
J.  C.  G.  de  Marignac  found  that  the  monoclinic  prisms  have  the  axial  ratios  a :b  : c 
=1-9542  : 1 : 1-2066,  and  ^8=117°  45'.  Observations  were  also  made  by  W.  Kefer- 
stein  ; and  G.  N.  Wyrouboff  said  that  the  crystals  are  isomorphous  with  those 
of  ammonium  chromate,  and  J.  W.  Retgers,  with  those  of  ammonium  selenate  and 
chromate.  J.  W.  Retgers  added  that  ammonium  chromate,  selenate,  and  molyb- 
date are  isodimorphous  with  potassium  sulphate.  H.  Schroder  gave  2-270  for 
the  sp.  gr.  According  to  J.  C.  G.  de  Marignac,  the  crystals  effloresce  rapidly  in 
air  owing  to  the  loss  of  ammonia  ; F.  A.  Fliickiger  said  that  if  the  crystals  are  freed 
from  the  mother-liquor  they  are  stable  in  air.  L.  F.  Svanberg  and  H.  Struve 
found  that  the  crystals  are  unstable  in  contact  with  water  and  rapidly  form  an  acid 
salt.  T.  L.  Phipson  found  that  the  aq.  soln.  is  decomposed  in  sunlight  and 
R.  E.  Liesegang  observed  that  in  light,  the  salt  is  decomposed  with  the  separation 
of  a blue  oxide.  The  change  can  be  followed  titrimetrically  so  that  the  soln.  can  be 
used  as  a kind  of  actinometer.  The  presence  of  organic  substances,  like  lactic 
acid,  makes  the  liquid  more  sensitive  to  light ; some  salts  favour  and  others 
retard  the  action.  In  darkness  the  original  colour  is  restored  by  the  oxidizing 
action  of  the  air — vide  supra,  molybdic  acid  and  alcohol.  P.  Krishnamurti  studied 
the  Raman  effect.  W.  V.  Bhagwat  and  N.  R.  Dhar  found  the  eq.  electrical 
conductivity  of  ammonium  molybdate  to  be  for  an  eq.  of  the  salt  in  v litres, 
at  21°, 

v . . 16  32  64  128  256  512  1024 

A . . 84-5  96-45  108-8  120-3  128-6  136-9  143-5 

so  that  /^io24~  yoc.32  *05 . 
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F.  Krauss  and  E.  Bruchhaus  found  that  ammonium  molybdate  in  aq.  soln., 
and  exposed  to  rays  of  short  wave-length,  is  reduced  by  hydrogen.  For  the 
hydrolysis  of  aq.  soln.,  vide  infra,  ammonium  paramolybdate.  J.  W.  Thomas 
found  that  the  salt  is  decomposed  by  hydrochloric  acid  ; H.  P.  Cady  and  R.  Taft, 
that  ammonium  molybdate  is  insoluble  in  liquid  sulphur  dioxide  ; H.  Stamm 
measured  its  solubility  in  aq.  ammonia  and  found  that  soln.  with  0-170,  1*192, 
1-750,  and  3-382  mols  of  NH3  per  100  grms.  of  water  dissolved  respectively  0-333, 
0-268,  0-231,  and  0-187  mol  of  (NH^MoC^.  O.  Brunck  observed  that  sodium  hypo- 
sulphite precipitates  molybdenum  sulphide  from  acid  soln ; and  F.  J.  Faktor, 
that  sodium  thiosulphate  reduces  a soln.  of  the  molybdate  to  hydrated  dioxide, 
and  trioxide ; and  I.  F.  J.  Kupfferschlager,  that  an  excess  of  nitric  acid  gives  a 
precipitate  with  a cone.  aq.  soln.  A soln.  of  ammonium  molybdate  with  an  excess 
of  nitric  acid  is  used  as  a reagent  for  the  detection  of  phosphoric  acid.  P.  Kulisch 
disagreed  with  A.  Winkler’s  statement  that  phosphine  does  not  reduce  soln.  of 
ammonium  molybdate — only  in  the  absence  of  free  acid  is  a soln.  of  the  molybdate 
little  affected  by  phosphine.  O.  F.  von  der  Pfordten  obtained  a dark  brown  pre- 
cipitate on  adding  a soln.  of  titanium  dichloride  to  a soln.  of  the  molybdate  ; and 
this  is  oxidized  to  a white  mass  in  air.  C.  E.  Guignet  observed  that  the  soln.  of 
the  molybdate  dissolves  prussian  blue ; and  S.  M.  Jorgensen  that  it  gives  a pre- 
cipitate with  chromic  chloropentamminochloride. 

No  normal  hydroxylamine  molybdate  has  yet  been  prepared.  G.  Canneri  2 
observed  that  hydroxylamine  added  to  a soln.  of  a paramolybdate  forms  a red 
soln.  which  deposits  yellow  molybdic  molybdates.  If  hydroxylamine  chloride  be 
added  to  a hot,  aq.  soln.  of  alkali  molybdate,  and  the  precipitate  be  washed  suc- 
cessively with  water,  alcohol,  and  ether,  the  following  salts  are  formed : yellow 
ammonium  hydroxylamine  paramolybdate,  (NH4)20.4NH20H.4Mo03 ; yellow 
potassium  hydroxylamine  paramolybdate,  K20.4NH2OH.4Mo03 ; yellow  sodium 
hydroxylamine  paramolybdate,  Na20.4NH20H.4Mo03 ; and  similarly  with  the 
guanidine  salt.  V.  Kohlschiitter  and  K.  A.  Hofmann  found  that  potassium 
hydroxylaminopentahydromolybdate,  Mo04H2(NH2OH)3(NH2OK)— vide  infra— is 
obtained  as  a salt  of  what  they  supposed  to  be  the  acid 


(NH20)8 

(0NH40)2/ 


Mo 


/OH 

\OH 


by  mixing  aq.  soln.  of  ammonium  molybdate  (5  grms.),  hydroxylamine  hydro- 
chloride (10  grms.),  and  potassium  carbonate,  and  adding  alcohol  to  the  yellow 
soln.  The  salt  reduces  Fehling’s  soln.,  or  ammoniacal  silver  .nitrate ; it  decom- 
poses when  heated  forming  a black  powder  with  the  liberation  of  ammonia.  The 
salt  dissolves  in  water,  and  when  the  pale  yellow,  neutral,  aq.  soln.  is  treated  with 
carbon  dioxide,  hydroxylaminomolybdic  acid  separates  as  a yellowish-white, 
flocculent  precipitate.  If  ammonium  molybdate  (10  grms.)  and  hydroxylamine 
hydrochloride  (7  grms.)  be  mixed  with  50  c.c.  of  7 per  cent.  aq.  ammonia  at  8°, 
a compound  is  formed  which  dissolves  with  difficulty  in  water ; and  develops  a 
bluish-green  coloration  when  heated  with  dil.  sulphuric  acid.  The  composition 
of  the  product  is  Mo05N3H9,  and  it  is  regarded  as  dihydroxylamine  ammino- 
molybdate,  Mo05N3H9,  or  Mo03(NH2OH)2NH3,  a salt  of  what  they  suppose  to 
be  the  acid : 

(NH20) 2\tic  / OH 

o/m°\oh 


C.  F.  Rammelsberg  3 obtained  lithium  molybdate,  Li2Mo04.|H20  (A.  Rosenheim 
and  W.  Reglin  find  Li2Mo04.|H20),  by  boiling  a mol  each  of  lithium  carbonate 
and  molybdenum  trioxide,  and  allowing  the  filtrate  to  crystallize.  G.  Wempe 
obtained  the  salt  in  a similar  way ; and  M.  Delafontaine,  by  fusing  equimolar 
proportions  of  lithium  carbonate  and  molybdenum  trioxide,  and  allowing  the 
syrupy  aq.  soln.  to  stand  some  days.  F.  Hoermann  measured  the  f.p.  curves  of 
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the  system  : Li2Mo04-Mo03,  and  the  results  are  summarized  in  Fig.  13.  The 
existence  of  three  unstable  acid  salts  is  indicated,  namely,  lithium  di-,  tri-,  and 
tetramolybdate.  W.  Zachariassen  found  that  the 
X-radiogram  of  Li2Mo04  agrees  with  a unit  cell 
having  6 mols.  and  with  the  dimensions  a— 8-20  A., 
c=9-45  A.,  and  a : c=l  : 1*153  ; and  that  the  salt 
is  isomorp'hous  with  phenacite,  willemite,  lithium 
tungstate,  and  lithium  fluoberyllate.  F.  Ephraim 
and  M.  Brand  suggest  that  the  water  in  the  pentita- 
dihydrate  prepared  by  both  processes  is  merely 
hygroscopic  moisture.  M.  Delafontaine  also  ob- 
tained the  tritoctohydrate,  Li2Mo04.2§H20,  in 
monoclinic  or  triclinic  crystals,  from  a soln.  of  an 
acid  molybdate  sat.  with  lithium  carbonate. 

The  prismatic  crystals  of  the  pentitadihydrate  are  „ „ „ ....  . ^ 

fauly  stable  m air  but  they  are  hygroscopic.  the  Systen?:  Li„Mo04-Mo03. 
G.  Wempe  said  that  100  c.c.  of  the  aq.  soln.  sat. 

at  20°  contains  46*13  grms.  of  the  hydrated  salt  and  has  a sp.  gr.  of  1*44. 
F.  Ephraim  and  M.  Brand  found  that  the  salt  is  only  a little  more  soluble  in 
hot  than  in  cold  water.  F.  Hoermann  gave  705°  for  the  m.p.  of  the  salt.  A.  Rosen- 
heim and  W.  Reglin  found  the  solubility  of  Li2Mo04.|H20,  S grms.  Li2Mo03  per 
100  grms.  of  soln.,  to  be  : 

0°  25“  30°  40°  98“ 

5 . . 45-24  44-81  44-26  43-84  42-50 


so  that  the  temp,  coeff.  is  negative.  A.  Rosenheim  and  W.  Reglin  also  found  that 
the  salt  dissolves  readily  in  a soln.  of  lithium  hydroxide,  and  on  evaporating  the 
liquid,  non-crystallizable  syrups  are  formed.  Solubility  is  less  as  the  temp,  rises. 
The  aq.  soln.  has  an  alkaline  reaction.  The  aq.  soln.  of  a mol  of  the  salt  and  5 mols 
of  ammonium  chloride  yields  crystals  of  ammonium  paramolybdate  free  from 
lithium.  The  eq.  conductivity,  A mhos,  of  a mol  of  the  normal  salt  in  v litres  of 
water,  at  20°,  was  found  by  G.  Wempe  to  be  : 

v . . 10  20  40  80  160  320 

A . . 422  624  604  664  736  800 


L.  F.  Svanberg  and  H.  Struve  obtained  anhydrous  sodium  molybdate,  Na2Mo04, 
by  melting  together  equimolar  parts  of  molyb- 
denum trioxide  and  sodium  carbonate,  and  cooling 
the  mass.  The  salt  obtained  by  heating  the 
hydrate  to  100°  was  found  by  J.  G.  Gentele,  and 

F.  E.  Zenker  to  furnish  a molten  mass  which 
cools  to  an  opaque,  white  enamel  of  the  anhydrous 
salt.  F.  Hoermann  measured  the  f.p.  curves  of  the 
system : Na2Mo04-Mo03,  and  the  results  are 
summarized  in  Fig.  14.  The  existence  of  three 
acid  salts  is  indicated,  namely,  sodium  di-,  tri-, 
and  tetra-molybdate.  E.  Groschuff  obtained  a 
similar  curve.  The  monomolybdate  exists  in  four 
modifications.  The  a-form  is  stable  above  about 
620°  ; the  /2-form  is  stable  between  620°  and  580°  ; 
they-form  between  580°  and  410°  ; and  the  8-form 
below  410°.  For  the  a^jS,  j8— y,  and  y— 8 transition  temp.  Iv.  Hiittner  and 

G.  Tammann  observed  transformations  respectively  between  620°  and  605°,  and  410° 
and  380° ; H.  E.  Boeke  gave  for  the  three  transformation  temp,  respectively  619°, 
587°,  and  431°  ; E.  Groschuff,  609°,  575°,  and  408°— Fig.  14 ; H.  S.  van  Klooster, 
626°,  580°,  and  397°;  F.  Hoermann,  621°,  580°,  and  423°;  and  M.  Amadori,  616°, 


Fig.  14. — Equilibrium  Curves  of 
the  System  : Na2Mo04-Mo03. 
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580°,  and  410°  when  all  are  taken  on  a cooling  curve.  H.  S.  van  Klooster  found  on  a 
heating  curve  the  respective  values  640°,  592°,  and  445°,  showing  that  the  transition 
temp,  are  overstepped.  A.  Hare  gave  440°  for  the  last  transformation  temp.  The 
subject  is  still  further  discussed  in  connection  with  sodium  tungstate.  With  10  per 
cent,  of  molybdenum  trioxide  associated  with  the  sodium  molybdate,  E.  Groschuff 
found  the  transition  temp,  are  changed  respectively  to  614°,  567°,  and  412°. 
H.  E.  Boeke  found  that  with  0-055,  0-40,  and  3-00  molar  per  cent,  of  Na2S04,  the 
y— 8 transition  temp,  is  lowered  from  431°  respectively  to  396°,  297°,  and  about 
180°.  This  depression  is  much  greater  than  that  calculated  from  the  heat  of  the 
transformation,  3-33  Cals.,- and  the  anomaly  is  explained  by  H.  S.  van  Klooster 
by  assuming  that  the  presence  of  sodium  sulphate  considerably  augments  the 
speed  of  the  transformation.  H.  E.  Boeke  found  that  the  binary  system 
Na2S04-Na2Mo04  forms  a continuous  series  of  solid  soln.  on  solidification.  There 
is  a minimum  in  the  f.p.  curve,  Fig.  15.  For  the  binary  system  : Na2W04-Na2Mo04, 
and  the  ternary  system  : Na2S04-Na2W04-Na2Mo04,  vide  sodium  tungstate. 


>000° 


0 L-J — — — — — — — — — 

0 20  4 to  SO  SO  H10 

MoLar  per  cent,  sulphate 

Fig.  15. — Binary  System  : 
Na2Mo04-Na2S04. 


MolsNdiMoOi  per  100  molsH20 


Fig.  16. — Solubility  Curve  of 
Sodium  Molybdate. 


The  equilibrium  conditions  in  the  ternary  system : Na20-Mo03-H20  have 
not  been  worked  out.  R.  Funk’s  solubility  curve,  Fig.  16,  shows  that  within  the 
range  of  temp.  0°  to  100°,  there  are  two  hydrates : Na2Mo04.10H2O^Na2Mo04. 
2H20+8H20  with  a transition  at  about  10°.  L.  F.  Svanberg  and  H.  Struve  obtained 
the  dihydrale  by  crystallizing  an  aq.  soln.  of  the  anhydrous  salt,  and  drying  the 
crystals  for  24  hrs.  over  lime  and  sulphuric  acid.  F.  E.  Zenker  evaporated  an  aq. 
soln.  of  the  paramolybdate  mixed  with  an  excess  of  sodium  hydroxide  ; F.  Ullik, 
an  aq.  soln.  of  the  acid  or  an  acid  salt  sat.  with  sodium  carbonate  ; M.  ^Delafontaine 
used  a similar  process  ; and  J.  G.  Gentele  allowed  the  decahydrate  to  effloresce 
in  the  cold.  According  to  M.  Delafontaine,  the  rectangular  or  rhombic  plates  or 
scales  are  probably  isomorphous  with  the  crystals  of  normal  tungstate.  They  lose 
all  their  water  at  100°.  The  molten  mass  does  not  expel  carbon  dioxide  from  sodium 
carbonate.  R.  Funk  found  the  solubility,  S grms.  of  Na2Mo04  per  100  grms.  of 
solution,  to  be  : 


0°  4°  6°  9°  10°  32°  51-5°  100° 

S . 30-63  33-83  35-58  38-16  39-28  39-82  41-27  45-57 

v v ' ' v ' 

Na2MoO4.10H2O.  Na„Mo04.2H20. 

The  results  are  plotted  in  Fig.  16.  The  transition  temp,  is  near  10°.  J.  G.  Gentele 
obtained  the  decahydrate  by  evaporating  the  aq.  soln.  between  0°  and  6°.  The 
columnar  crystals  have  the  appearance  of  Glauber’s  salt.  The  crystals  effloresce 
at  about  6°,  and  are  stable  below  that  temp.  In  a closed  vessel,  at  room  temp., 
the  crystals  become  opaque  and  gradually  form  the  scaly  crystals  of  the  dihydrate. 
M.  Delafontaine  could  not  prepare  the  decahydrate. 
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G.  Beck  gave  3-28  for  the  sp.  gr.  of  the  salt,  and  62-0  for  the  mol.  vol.  F.  M.  Jager 
measured  the  sp.  gr.  of  the  molten  salt — I)  referred  to  water  at  4°— and  found  : 


698-5° 

751° 

818-8° 

903-8° 

989-5° 

1078-5° 

1171-5° 

D . 

2-796 

2-763 

2-720 

2-667 

2-613 

2-557 

2-499 

o 

214-0 

208-1 

202-4 

195-4 

187-7 

181-2 

176-1 

X • 

376-1 

3686 

3623 

3544 

3451 

3380 

3335 

The  results  for  the  sp.  gr.  between  700°  and  1171°  can  be  represented  by 
.D=2-795 — 0-000629(0 — 700) — vide  infra,  electrical  resistance.  W.  Herz  made 
some  observations  on  this  subject.  I.  Traube  found  the  sp.  gr.,  D,  and  mol.  soln. 
vol.,  v,  of  aq.  soln.  of  the  salt,  at  15°,  to  be  : 

Na2Mo04  6-31  11-84  19-91  22-18  per  cent. 

D . . 1-0555  1-1085  1-1928  1-2194 

v . . 32-9  34-4  38-1  38-3 

R.  Lorenz  and  W.  Herz  studied  the  relation  between  the  critical  densities  of  related 
salts,  and  they  also  found  that  the  surface  tension  at  the  m.p.  and  b.p.  are  respec- 
tively 215-5  and  177-9  ; G.  Jander  and  co-workers  studied  the  diffusion ; and 
I.  Traube  found  232  for  the  drop-weight  of  molten  sodium  molybdate  when  the 
value  for  water  at  0°  is  100.  F.  M.  Jager’s  values  for  the  surface  tension,  a dynes 
per  cm.,  and  the  surface  energy,  % ergs  per  sq.  cm.,  of  the  molten  salt,  are  indicated 
above.  J.  J.  Coleman  found  that  28,  25,  and  17  per  cent,  of  normal  soln.  of 
sodium  molybdate,  chromate,  and  tungstate,  respectively,  diffused  in  water 
75  mm.  in  30  days  at  12-5°.  W.  Herz  gave  0-0002752  for  the  coefE.  of  thermal 
expansion.  G.  Tammann  found  the  lowering  of  the  vap.  press,  per  100  grms. 
of  water  to  be  24-4,  73-2,  and  166-9  mm.,  respectively.  The  m.p.  of  the  anhydrous 
salt  was  found  to  be  692°  by  K.  Kiittner  and  G.  Tammann,  and  H.  E.  Boeke ; 
687°,  by  L.  I.  Dana  and  P.  D.  Foote ; 688°,  by  M.  Amadori ; 685°-687°, 
by  H.  S.  van  Klooster ; and  686°,  by  E.  Groschuff.  The  fusion  curve  with 
sodium  sulphate  mixtures  is  shown  in  Fig.  15.  E.  Darmois  and  J.  Perin  found 
that  the  mol.  wt.  is  normal  when  calculated  from  its  effect  on  the  f.p.  of  decahy- 
drated  sodium  sulphate.  R.  Lorenz  and  W.  Herz  studied  the  relation  between  the 
b.p.  and  the  critical  temp.  W.  G.  Mixter  gave  for  the  heat  of  formation  (Na20,Mo,30) 
=263-4  Cals.;  (Na20,Mo02,0)=120-6  Cals.;  and  (Na20,Mo03)=81-936  Cals. 
A.  Hare  gave  14’6  Cals,  per  mol  for  the  heat  of  transformation  at  about  440°. 
L.  Pissarjewsky  found  for  the  thermal  value  of  the  reaction : H2Mo04soiUi 
+2NaOH=Na2Mo0430in.+2H20+21-728  Cals.  A.  Hare  gave  14-60  Cals,  per 
mol  for  the  heat  of  the  transformation  at  440°. 

F.  M.  Jager  and  B.  Kapma  found  the  resistance,  R ohms,  of  fused  sodium  molyb- 
date to  be  : 


843° 

924-5° 

1026° 

1122-5° 

1217° 

1306° 

1408° 

R . 

. 0-1256 

1-1105 

0-0948 

0-0842 

0-0752 

0-0690 

0-0620 

Sp.  gr. 

. 2-705 

2-654 

2-590 

2-529 

2-470 

2-414 

2-350 

and  they  represented  the  mol.  conductivity,  [i,  at  6°  between  543°  and  1408°,  by 
/x=lO7-5O-fO-183(0— 850).  P.  Walden  found  the  eq.  conductivity,  A mhos,  ol 
soln.  of  an  eq.  of  sodium  molybdate  in  v litres  of  water  at  25°,  to  be  : 

v ...  32  64  128  256  512  1204 

A . . . 100-5  106-1  111-0  114-6  117-8  120-8 

H.  Crossmann  gave  ;u1024 — p.32=  22-4  at  25°.  J.  Terwelp  obtained  similar  results, 
and  he  found  the  transport  number  of  the  Mo04"-ion  in  0-lN-Na2Mo04  to  be  0-58 
at  18°.  G.  Jander  and  co-workers  studied  the  electrometric  titration  of  the 
salt.  L.  Ott  found  the  decomposition  voltage  of  the  fused  salt  to  be  1-15  volt ; 
and  the  cathode  deposit  is  Mo02  as  well  as  some  metal.  J.  Terwelp,  and  A.  Junius 
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found  that  the  electrolysis  of  neutral  aq.  soln.  of  sodium  molybdate  without 
diaphragms,  does  not  produce  very  marked  change  since  the  diffusion  of  the  anodic 
and  cathodic  products  restores  the  original  state  of  things.  • A cathodic  reduction 
occurs  only  in  acidic  soln.  In  a diaphragmed  cell,  paramolybdate  and  trimolybdate 
appear  to  be  formed  in  the  anode  compartment — ■ vide  supra,  molybdenum  trioxide. 
The  aq.  soln.  was  found  by  F.  E.  Zenker,  and  A.  Junius  to  react  acid  ; but  the  hydro- 
lysis cannot  be  very  marked  because  K.  Seubfert  and  W.  Pollard  found  that  a soln. 
of  molybdic  acid  can  be  sharply  titrated  with  a soln.  of  sodium  hydroxide  using 
litmus  or  phenolphthalein  as  indicator — vide  infra,  ammonium  paramolybdate. 
F.  XJllik  found  that  the  soln.  of  sodium  molybdate  is  not  reduced  by  tin. 

F.  Hoermann  found  that  the  f.p.  curve  of  mixtures  of  lithium  and  sodium 
molybdates,  Fig.  1 7,  showed  the  existence  of  an  unstable  lithium  sodium  molybdate, 
Li2Mo04.3Na2Mo04. 

L.  F.  Svanberg  and  H.  Struve  prepared  potassium  molybdate,  K2Mo04,  by 
evaporating  for  crystallization  a soln.  of  molybdic  acid  or  an  acid  molybdate  in 
an  excess  of  potassium  hydroxide  or  carbonate.  J.  Ohly  said  that  the  product  is 
then  liable  to  be  contaminated  with  potassium  carbonate.  The  formation  of  the 
acid  molybdate  can  be  avoided  only  by  using  an  excess  of  alkali.  L.  F.  Svanberg 
and  H.  Struve  treated  an  acid  molybdate  with  soln.  of  potassium  hydroxide  in 


Fig.  17. — The  Equilibrium  Curves 
of  the  System  : Li2Mo04-Na2Mo04> 


Fig.  18. — Equilibrium  Curves  of 
the  System  : K2Mo04-Mo03. 


95  per  cent,  alcohol.  The  oil  which  separates  was  washed  with  alcohol  and  allowed 
to  crystallize  first  over  lime  and  then  sulphuric  acid.  F.  XJllik  fused  equimolar  parts 
of  molybdenum  trioxide  and  potassium  carbonate,  dissolved  the  product  in  hot  water, 
and  allowed  the  filtered  soln.  to  cool.  L.  F.  Svanberg  and  H.  Struve  supposed  the 
crystals  to  be  hemihydrated  ; and  F.  XJllik  thought  they  are  anhydrous.  M.  Dela- 
fontaine  could  not  prepare  this  salt.  M.  Amadori  found  that  anhydrous  potassium 
molybdate  separates  from  its  aq.  soln.  at  25° ; and  the  salt  remains  anhydrous  in 
contact  with  water  at  this  temp.  G.  Wempe  reported  a tetritatrihydrate,  K2Mo04.4H20, 
to  be  formed  by  filtering  a boiling  soln.  of  molybdic  acid  in  a cone.  soln.  of  potassium 
carbonate,  allowing  the  filtered  liquid  to  cool  on  a glass  plate,  and  separating 
mechanically  the  crystals  from  the  amorphous,  gum-like  mass.  The  salt  loses  its 
water  at  120°.  F.  Hoermann  studied  the  f.p.  curve  of  the  system  : K2Mo04-Mo03, 
and  the  results,  summarized  in  Fig.  18,  show  the  existence  of  a dimolybdate  only. 

L.  F.  Svanberg  and  H.  Struve  said  that  the  crystals  of  potassium  molybda-te, 
K2Mo04,  are  four-sided  prisms.  H.  S.  van  Klooster  observed  that  the  cooling 
salt  undergoes  three  transformations  : there  is  the  a— jS  change  at  479° ; the 
/3—y  change  at  454  ° ; and  the  y— 8 change  at  327° ; M.  Amadori  gave  475°  for 
the  a— change  ; and  K.  Hiittner  and  G.  Tammann,  200°  for  the  y—8  change. 
F.  Hoermann  gave  respectively  480°,  458°,  and  323°.  J.  W.  Regters  observed  that 
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during  the  crystallization  of  potassium  molybdate  there  are  formed  acicular  crystals 
supposed  to  be  rhombic  or  pseudohexagonal  and  isomorphous  with  potassium 
permanganate ; and  prismatic  crystals  not  isomorphous  with  the  salt,  and 
supposed  to  be  monoclinic.  M.  Amadori  found  that  mixtures  of  potassium 
sulphate  and  molybdate,  and  of  potassium  chromate  and  molybdate  have  the 
following  f.p.  and  /3— a transition  points  : 


K2Mo04 

100 

80 

70 

40 

20 

0 per  cent 

k*s°.{Spp.  : 

920° 

920° 

934° 

980° 

1018° 

1066° 

475° 

— 

484° 

525° 

558° 

583° 

^•{S. : 

926° 

926° 

934° 

942° 

960° 

976° 

475° 

— 

502° 

575° 

620° 

666° 

The  curve,'  Fig.  19,  for  the  K2Mo04-K2S04  is  continuous,  and  it  has  a very  flat 
minimum  6°  below  the  m.p.  of  the  molybdate,  and  the  m.p.  of  the  mixture  with 
45  per  cent,  of  sulphate  is  equal  to  that  of  the  molybdate  alone.  The  curve,  Fig.  20, 
for  the  K2Mo04-K2Cr04  system  is  continuous,  and  with  mixtures  up  to  30  molar 
per  cent,  of  chromate  the  f.p.  is  at  the  f.p.  of  the  molybdate.  M.  Amadori  also 
found  the  solubility  isotherm  of  potassium,  sulphate  and  molybdate  is  similar  to 
that  with  potassium  sulphate  and  chromate.  There  is  a continuous  series  of  solid 
soln.  in  which  the  more  soluble  salt  is  in  greater  proportion  in  the  soln.  than  in  the 
crystals ; similarly  also  with  the  solubility  isotherm  of  mixtures  of  potassium 
chromate  and  molybdate.  G.  Beck  gave  2-91  for  the  sp.  gr.  of  the  salt,  and  81-8 
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Figs.  19  and  20. — -Freezing-point  Curves  of  the  Binary  System  : K2Mo04-K2S04  and 

K2Mo04-K2Cr04. 


for  the  mol.  vol.  F.  M.  Jager  gave  the  following  values  for  the  sp.  gr.,  D,  of  fused 
potassium  molybdate  referred  to  water  at  4°  : 


930-6° 

1021° 

1143°- 

1273° 

1356° 

1452°-8 

2-362 

2-307 

2-230 

2-144 

2-087 

2-018 

150-5 

145-2 

1.38-6 

130-0 

123-6 

116-9 

3261 

3196 

3120 

3004 

2908 

2813 

and  he  represented  the  sp.  gr.  at  0°  between  694°  and  1452°  by  D= 2-342- 
0-0006(0  — 964) -0-0000001 28(0  — 964)I. 2.  W.  Herz  made  some  observations  on  this 
subject.  I.  Traube  gave  for  the  sp.  gr.,  D,  and  mol.  soln.  vol.,  v,  of  aq.  soln.  of 
potassium  molybdate  at  15°  : 


K2Mo04  . 2-02  6-76  7-37  15-94  per  cent. 

D . . 1 0154  1-0548  1-0602  1-1381 

v . . 49-7  52-4  52-2  56-4 


I.  Traube  gave  198  for  the  drop- weight  of  the  molten  salt  when  that  of  water  at 
0°  is  100.  F.  M.  Jager  found  the  results  indicated  above  for  the  surface  tension, 

a dynes  per  cm.,  and  the  surface  energy,  y ergs  per  sq.  cm.  R.  Lorenz  and  W.  Herz 
gave  for  the  surface  tensions  at  the  m.p.  and  b.p.  respectively  161-5  and  108-3. 
G.  Jander  and  A.  Winkel  gave  for  the  diffusion  coeff.  of  the  anion  0-58  ; and  they 
found  the  range  of  stability  for  [H‘]  to  be  10“ 14  to  10“ °'2.  K.  Hiittner  and  G.  Tam- 
mann.  and  M.  Amadori  gave  926°  for  the  m.p.  of  the  salt,  and  H.  S.  van  Klooster, 
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919°.  The  lowering  of  the  vap.  press,  when  19-62,  56-06,  and  111-13  grms.  of 
potassium  molybdate  are  dissolved  in  100  grms.  of  water  was  found  by  G.  Tammann 
to  be  respectively  24-6,  85-3,  and  197-1  mm.  R.  Lorenz  and  W.  Herz  studied  the 
relation  between  the  b.p.  and  the  critical  temp.  P.  Blackman  found  the  con- 
ductivity of  soln.  of  an  eq.  of  the  salt  in  v litres  at  25°  to  be  : 

v . . 32  64  128  256  512  1024 

A . .123  129  133  138  140  144 


Measurements  by  W.  V.  Bhagwat  and  N.  R.  Dhar  corresponded  with  /a1024— 
fi32= 24.  E.  Blanc  found  that  there  is  a 0-359  per  cent,  hydrolysis  with  a 
0-009752V-soln.  of  potassium  molybdate.  L.  F.  Svanberg  and  H.  Struve,  and 
F.  XJllik  found  that  the  salt  effloresces  in  moist  air,  and,  attracting  carbon  dioxide 
from  the  atmosphere,  forms  other  salts. i M.  Amadori  observed  that  a sat.  aq.  soln. 
at  25°  contains  64-86  per  cent.  K2Mo04.  Expressing  solubilities  in  millimols 
per  litre,  the  solubility,  S,  of  potassium  sulphate  in  the  presence  of  potassium 
molybdate  is  : 

K2Mo04  . 69-88  49-04  22-65  12-21  8-60  4-13  0-00 

K2S04  . 0-00  19-85  73-35  192-6  417-5  742-8  774-7 

and  of  potassium  chromate  in  the  presence  of  potassium  molybdate  : 

K2Mo04  . 332-3  204-7  72-68  36-66  25-31  8-74  0-00 

K2Cr04  . 0-00  162-0  414-3  578-1  694-1  767-9  774-7 


L.  F.  Svanberg  and  H.  Struve  found  potassium  molybdate  to  be  insoluble  in  alcohol ; 
and  to  be  precipitated  by  alcohol  from  the  aq.  soln.  as  an  oily  liquid. 

F.  Hoermann  studied  the  f.p.  curve  of  mixtures  of  lithium  and  potassium 
molybdates,  and  found  the  existence  of  lithium  potassium  molybdate,  Li2Mo04. 

K2Mo04,  with  a m.p.  at  571°.  F.  Ullik  prepared 
potassium  sodium  molybdate,  K20.2Na203.Mo03. 
14H20,  or  K§Na^Mo03.4|H20,  by  treating  a 
potassium  trimolybdate  with  water  and  sodium 
carbonate.  F.  Ullik  fused  molybdenum  trioxide 
with  sodium  and  potassium  carbonates,  and  allowed 
an  aq.  soln.  of  the  cold  mass  to  crystallize. 
J.  C.  G.  de  Marignac  described  the  crystals  as 
dihexagonal  bipyramidal  with  the  axial  ratios 
a : c — 1 : 1-2839.  M.  Delafontaine  stated  that  all 
the  water  is  expelled  at  100° ; and  the  salt  fuses 
at  a red-heat ; fused  sodium  carbonate  does  not 
lose  carbon  dioxide  when  treated  with  the  salt. 
F.  Ullik  found  that  the  salt  is  soluble  in  cold 
water,  but  more  easily  soluble  in  hot  water ; the 
soln.  has  an  alkaline  reaction. 

A.  Piccini 4 prepared  normal  rubidium  molyb- 
date, Rb2MoO'4,  by  calcining  rubidium  molyb- 
denum trioxytetrafluoride,  2RbF.Mo03F2.H20 : and  F.  Ephraim  and  H.  Hersch- 
finkel  obtained  the  salt  by  evaporating  a soln.  of  molybdenum  trioxide  in 
rubidium  hydroxide,  and  washing  the  deliquescent  mass  with  alcohol.  J.  W.  Retgers 
made  a few  observations  on  the  crystals  of  caesium  molybdate,  Cs2Mo04. 

No  cuprous  molybdates  have  yet  been  prepared ; and  normal  copper  molybdate, 
CuMo04,  is  not  known.  H.  Debray  5 obtained,  possibly,  the  normal  molybdate  by 
roasting  cupric  sulphomolybdate  at  a low  temp.  G.  Tammann  noted  that  the 
reaction  between  cupric  oxide  and  molybdenum  trioxide  "begins  about  615°,  and 
the  heat  of  formation  of  CuMo04  is  9-2  Cals,  per  mol ; J.  J.  Berzelius  observed 
that  a yellowish-green  precipitate  is  produced  by  potassium  molybdate  in  soln. 
of  copper  salts.  The  precipitate  is  sparingly  soluble  in  water,  and  is  decomposed 


Fig.  21. — Equilibrium  Curve  of 
the  System  : K2Mo04-Li2Mo04. 
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by  acids  and  alkali-lye.  H.  Struve  prepared  copper  oxymolybdate,  Cu0.3CuMo04. 
5H20,  by  precipitation  from  a boiling  soln.  of  copper  sulphate  by  a cone.  soln.  of 
ammonium  2:5:  3-molybdate.  The  green,  amorphous  powder  loses  3 mols.  of 
water  at  100°,  and  the  remainder  at  a higher  temp.  The  dehydrated  salt  gradually 
recovers  its  combined  water  when  in  contact  with  water.  According  to  G.  Jorgensen, 
if  sodium  molybdate  be  treated  with  an  excess  of  a soln.  of  copper  sulphate,  and  the 
light  green  precipitate  be  dissolved  in  aq.  ammonia,  and  the  soln.  treated  with 
alcohol,  dark  blue  needles  of  copper  tetramminomolybdate,  [Cu(NH3)4]Mo04,  are 
formed.  The  crystals  readily  lose  ammonia,  and  become  dark  green.  S.  H.  C.  Briggs 
prepared  copper  diamminomolybdate,  [Cu(NH3)2]Mo04.H20,  by  mixing  a soln. 
of  24  grms.  of  pentahydrated  copper  sulphate  in  30  c.c.  of  water,  13  grms.  of 
ammonium  paramolybdate  in  15  c.c.  of  water,  and  40  c.c.  of  cone.  aq.  ammonia, 
making  all  up  to  350  c.c.,  and  exposing  it  to  air.  The  deep  blue  prisms  lose  ammonia 
at  ordinary  temp. ; and  they  are  soluble  in  warm  aq.  ammonia.  The  salt  may  be 
recrystallized  by  allowing  the  warm  soln.  in  aq.  ammonia  to  cool,  or  by  exposing 
a more  dil.  ammoniacal  soln.  to  air.  H.  Struve  obtained  ammonium  copper  molyb- 
date, (NH4)20.Cu0.5Mo03.  9H20,  from  the  mother-liquor  of  the  oxymolybdate ; and 
by  the  action  of  a cold  soln.  of  copper  sulphate  on  an  excess  of  ammonium  2:5:3 
molybdate.  The  pale  blue,  microscopic,  rhombic  crystals  lose  4 mols.  of  water  at 
100° ; more  at  a higher  temp.,  and  finally  water  and  ammonia  are  given  off.  The 
yellow  mass  melts  at  a red-heat.  It  is  sparingly  soluble  in  cold  water,  and  soluble 
in  boiling  water  without  decomposition.  Blue  crystals  of  ammonium  copper 
diamminomolybdate,  (NH4)2Cu(Mo04)2.2NH3,  were  obtained  by  S.  H.  C.  Briggs 
by  exposing  to  air  in  an  open  dish  a mixture  of  50  grms.  of  ammonium  molybdate 
in  60  c.c.  of  water,  20  grms.  of  ordinary  copper  sulphate  in  50  c.c.  of  water,  and 
70  c.c.  of  cone.  aq.  ammonia,  all  made  up  to  210  c.c. 

According  to  F.  Wohler  and  F.  Rautenberg,6  if  normal  silver  molybdate  be 
treated  with  hydrogen  at  ordinary  temp.,  it  is  partially  converted  into  silver 
SUbmolybdate,  Ag40.2Mo03.  It  was  also  prepared  by  passing  hydrogen  into  a 
soln.  of  silver  molybdate  in  cone.,  aq.  ammonia.  The  reduction  begins  at  ordinary 
temp,  as  the  liquid  turns  brown  ; the  action  is  complete  at  90°.  The  black  powder 
consists  of  octahedral  crystals  belonging  to  the  cubic  system.  The  salt  dissolves 
in  nitric  acid  giving  off  nitric  oxide ; with  potash-lye,  molybdenum  trioxide  is 
dissolved,  and  silver  suboxide  is  left  as  a black  powder.  W.  Muthmann  said  that  the 
alleged  silver  submolybdate  is  nothing  more  than  a mixture  of  silver  and  the  normal 
molybdate.  C.  W.  Scheele,  J.  B.  Richter,  and  L.  F.  Svanberg  and  H.  Struve 
prepared  silver  molybdate,  Ag2Mo04,  as  a white  or  yellowish -white,  amorphous 
precipitate,  by  adding  a silver  salt  to  a soln.  of  a molybdate.  E.  F.  Smith  and 
R.  H.  Bradbury  obtained  it  in  a similar  way.  H.  Debray  obtained  the  salt  in  cubic 
crystals  by  allowing  an  ammoniacal  soln.  of  ammonium  molybdate  and  silver 
nitrate  to  evaporate  spontaneously.  W.  Muthmann  obtained  the  crystals  in  a similar 
way.  R.  W.  G.  Wyckoff  studied  the  X-radiogram  of  the  crystals,  and  showed  that 
the  structure  is  like  that  of  the  spinels  or  of  magnetite.  The  length  of  the  side  of  the 
unit  cube,  containing  8 mols.,  is  9-26  A.  P.  P.  Ewald  studied  this  subject.  Silver 
molybdate  is  coloured  when  heated,  and  it  readily  melts  to  a yellow  liquid.  It 
forms  a colloidal  soln.  with  water,  particularly  when  freshly  precipitated ; accord- 
ing to  H.  Rose,  it  readily  dissolves  in  nitric  acid ; and,  according  to  E.  F.  Smith 
and  R.  H.  Bradbury,  it  dissolves  in  a soln.  of  potassium  cyanide,  or  of  sodium 
hydroxide.  J.  Knit, wig  observed  that  the  fused  salt  is  not  attacked  by  chlorine ; 
and  O.  Widman,  that  if  the  ammoniacal  soln.  is  evaporated  in  an  atm.  of  ammonia, 
or  if  the  solid  salt  is  treated  with  ammonia,  silver  diamminomolybdate, 
[Ag(NH3)2]2Mo04,  is  formed,  in  the  latter  case,  as  a white  powder,  and,  in  the 
former  case,  crystals  which  are  probably  isomorphous  with  the  corresponding 
tungstate.  The  salt  loses  all  its  ammonia  at  65°.  P.  Ray  and  J.  Dasgupta  prepared 
a complex  with  hexamethylenetetramine. 

According  to  J.  B.  Richter,7  when  potassium  molybdate  is  added  to  a soln. 
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of  auric  chloride,  orpiment-yellow  gold  molybdate  is  precipitated.  It  is  soluble 
in  hydrochloric  or  nitric  acid,  and  sparingly  soluble  in  water. 

W.  H.  Melville  8 described  a greenish  mineral  which  he  obtained  from  the 
Seven  Devils  mining  district,  Idaho.  It  was  named  powellite — after  J.  W.  Powell. 
It  approximates  in  composition  to  normal  calcium  molybdate,  CaMo04,  associated 
with  some  calcium  tungstate.  F.  Ullik  obtained  a white  precipitate  of  calcium 
molybdate  by  adding  calcium  chloride  to  a soln.  of  neutral  sodium  molybdate. 
The  precipitate  does  not  form  in  cold,  dil.  soln.,  nor  in  the  presence  of  acetic  acid. 
The  salt  was  obtained  by  E.  F.  Smith  and  R.  H.  Bradbury  in  a similar  way. 
A.  Kissock  obtained  it  by  treating  roasted  molybdenite  with  slaked  lime  ; and 
H.  C.  Maber,  by  heating  roasted  molybdenite  with  calcium  carbonate  at  600°.  F.  de 
Carli  observed  that  the  reaction  between  calcium  oxide  and  molybdenum  trioxide 
begins  at  650°.  D.  Balareff,  W.  Jander,  and  G.  Tammann  also  studied  this  reaction. 
G.  Tammann  found  the  reaction  between  molybdenum  trioxide  and  calcium  oxide 
begins  at  about  425°  ; and  with  calcium, carbonate  above  600°.  W.  Jander  studied 
the  dynamics  of  the  heterogeneous  reaction  CaC03+Mo03=CaMo04+C02,  between 
487°  and  550°,  and  examined  the  influence  of  the  grain  size  of  the  component 
particles.  H.  Schultze,  and  L.  Michel  obtained  crystals  by  melting  a mixture  of 
sodium  molybdate,  calcium  chloride,  and  sodium  chloride  (1  : 3 : 2),  and  H.  Traube 
obtained  crystals  as  a sublimate  when  the  molybdate  is  heated  with  a mixture  of 
sodium  and  potassium  chlorides  to  a high  temp.  According  to  T.  H.  Hiortdahl, 
the  crystals  are  tetragonal  bipyramids  with  the  axial  ratio  a : c=l  : 1-5457  ; and 
the  sp.  gr.  is  4-35.  From  the  X-radiograms,  F.  Zambonini  and  R.  G.  Levi  gave  for 
the  dimensions  of  the  unit  cell  a— 3-67  A.,  and  c=5-69  A.,  and  they  discussed  the 
isomorphism  of  the  molybdates  of  lead  and  the  alkaline  earth  metals.  E.  Herlinger 
studied  the  structure  of  the  crystals  of  the  alkaline  earth  molybdates.  A.  Kissock 
discussed  the  use  of  calcium  molybdate  in  steel  making.  Crystals  of  powellite 
were  found  by  W.  H.  Melville  to  be  tetragonal  with  the  axial  ratio  a : c=l  : 1-5445. 
F.  Zambonini  gave  1 : 5513 — vide  infra,  the  rare  earth  molybdates.  W.  Jander 
discussed  the  lattice-structure.  L.  Yegard  and  A.  Refsum  found  that  the  X-radio- 
gram  of  powellite  corresponded  with  a space-lattice  of  the  rutile  type  with  a0=7-4  A., 
Co_11.44  A.,  and  a : c=l  : 1-546.  The  radius  of  the  oxygen  atom=l-12  A.,  that 
of  the  calcium  atom,  1-03  A.,  and  that  of  the  positive  ion,  1-12  A.  The  elementary 
cell  has  8 mols.  The  sp.  gr.  is  4-526,  and  the  hardness  3-5.  F.  Zambonini  and 
R.  G.  Levi  gave  4-28  for  the  sp.  gr.  P.  P.  Pilipenko  gave  4-22  for  the  sp.  gr.  of 
some  crystals  from  western  Altai,  and  3-5  to  4-0  for  the  hardness.  F.  Westphal 
studied  the  mixed  crystals  of  calcium  and  ammonium  molybdates.  W.  Jander 
studied  the  diffusion  of  the  molybdate  and  tungstate.  D.  Balareff  and  N.  Lukova 
found  that  calcium  molybdate  lowers  the  dissociation  press,  of  calcium  carbonate. 

E.  Cane  gave  0-166  for  the  sp.  ht.  G.  Tammann  gave  for  the  heat  of  formation  of 
CaMo04, 26-5  Cals,  per  mol.  E.  S.  Larsen  gave  for  the  refractive  indices  of  powellite, 
Ca(Mo,W)04,  e=l-978,  and  ca=l-968,  or  e— co=0-01  for  the  D-line.  F.  Zambonini 
gaveforA=667,  e=l-962,  co=l-959,  and  e— o>  =0-008 ; for  A=570,  e=l-984,  cu=l-974, 
and  =0-010;  andforA=583,e=l-993,  o»=l-982,and  e— oj=0-011.  H.  Schultze 
obtained  crystals  of  strontium  molybdate,  SrMo04,  by  fusing  a mixture  of  sodium 
molybdate,  strontium  chloride,  and  sodium  chloride  (1:2:2).  G.  Tammann  said 
that  the  reaction  between  molybdenum  trioxide  and  strontium  carbonate  begins 
at  about  700°.  The  tetragonal  pyramids  were  found  by  T.  H.  Hiortdahl  to  have  the 
axial  ratio  a : c=l  : 1-5738.  F.  Zambonini  and  R.  G.  Levi  gave  for  the  dimensions 
of  the  unit  cell  a— 3-79  A.,  and  c=5-97  A.,  and  they  studied  the  isomorphism  of  the 
molybdates  of  lead  and  the  alkaline  earth  metals.  E.  K.  Brock  gave  a=5-380  A., 
c_  11-97  A.,  a : c=l  : 2-226  ; and  the  calculated  density  4-718.  W.  Jander  dis- 
cussed the  lattice-structure  ; and  the  diffusion  of  the  molybdate  and  tungstate. 

F.  W.  Clarke  gave  4-1554  for  the  sp.  gr.  at  20-5°,  and  4-1348  at  21°  ; F.  Zambonini 
and  R.  G.  Levi  gave  4-73  ; and  V.  G.  Aranda,  4-6624.  E.  F.  Smith  and  R.  H.  Brad- 
bury found  that  100  parts  of  water  dissolve  0-0104  part  of  salt  at  17°.  F.  Westphal. 
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studied  the  mixed  crystals  of  strontium  and  ammonium  molybdates.  F.  de  Carli 
observed  that  the  reaction  between  molybdenum  trioxide  and  barium  oxide  begins 
at  290°.  D.  Balareff,  J.  H.  Hevdall,  and  N.  von  Zweigbergh  also  studied  this 
reaction.  W.  Jander  represented  the  temp,  coeff.,  k,  of  the  reaction  with  calcium 
carbonate  and  molybdenum  trioxide  by  Jc=ce~i3000,T,  and  the  thermal  value  of  the 
reaction  by  21-5  Cals.  E.  Cane  gave  0149  for  the  sp.  ht.  L.  F.  Svanberg  and 
H.  Struve  obtained  barium  molybdate,  BaMo04,  by  adding  barium  chloride  to  a 
soln.  of  ammonium  molybdate  or  paramolybdate  in  an  excess  of  ammonia,  and 
washing  the  product  with  cold  water.  H.  Schultze  obtained  crystals  by  melting 
a mixture  of  sodium  molybdate,  barium  chloride,  and  sodium  chloride  (1  : 3 : 2). 
G.  Tammann  said  that  the  reaction  between  molybdenum  trioxide  and  baryta 
begins  at  about  290°  ; and  with  barium  carbonate  at  660°— W.  Jander  studied 
this  reaction.  The  acicular  crystals  are  tetragonal  pyramids  which,  according  to 
T.  H.  Hiortdahl,  have  the  axial  ratio  a : c= 1 : 1-6232.  F.  Zambonini  and  R.  G.  Levi 
gave  for  the  dimensions  of  unit  cell  a=3-96  A.,  and  c=6-53  A.,  and  they  studied 
the  isomorphism  of  the  molybdates  of  lead  and  the  alkaline  earth  metals.  L.  Yegard 
and  A.  Refsum  gave  for  the  elementary  cell,  a0=7-858  A.,  c0=12-755  A.,  and 
a : c=  1 : 1-623  ; the  radius  of  the  oxygen  atom  is  1-24  A.  ; of  the  barium  atom, 
1-02  A. ; and  of  the  positive  ion,  1-21  A.  W.  Jander  discussed  the  lattice-structure, 
and  the  diffusion  of  the  molybdate  and  tungstate.  F.  W.  Clarke  gave  4-659  for  the 
sp.  gr.  at  17-5°,  and  4-648  at  19-5°  ; F.  Zambonini  and  R.  G.  Levi  gave  4-84  ; and 
V.  G.  Aranda,  4-9747.  E.  Cane  gave  0-113  for  the  sp.  ht.  G.  Tammann  gave  60-1 
Cals,  for  the  heat  of  formation  of  BaMo04.  According  to  E.  F.  Smith  and 
R.  H.  Bradbury,  100  parts  of  water  at  23°  dissolve  0-0058  part  of  the  salt ; the 
solubility  is  augmented  by  the  presence  of  ammonium  nitrate.  The  salt  is  soluble 
in  acids,  and,  when  ammonia  is  added  to  the  soln.,  C.  J.  Heine  said  that  a basic  salt 
is  precipitated,  but  L.  F.  Svanberg  and  H.  Struve  found  that  the  normal  salt  is  so 
formed.  L.  Kahlenberg  and  W.  J.  Trautmann  observed  no  reaction  occurs  when 
a mixture  of  barium  molybdate  and  silicon  is  heated  by  the  bunsen  burner,  but  a 
slight  reaction  occurs  in  the  electric  arc. 

A.  Atterberg 9 found  that  if  equimolar  parts  of  beryllium  hydroxide  and 
molybdenum  trioxide  are  boiled  with  water,  for  a long  time,  a voluminous  pre- 
cipitate consisting  of  interlaced  needles  of  a basic  salt — beryllium  oxymolybdate, 
Be0.BeMo03.3H20 — is  formed.  - It  loses  a mol.  of  water  at  100°.  G.  Tammann 
found  that  the  reaction  between  molybdenum  trioxide  and  beryllium  oxide  begins  at 
about  400° ; and  the  heat  of  formation  of  beryllium  molybdate,  BeMo04,  is  4-0  Cals, 
per  mol.  According  to  A.  Rosenheim  and  P.  Woge,  the  dihydrate,  BeMo04.2H20,  is 
obtained  by  boiling  the  theoretical  quantity  of  hydrated  beryllium  oxide  with 
molybdenum  trioxide  suspended  in  water.  The  oily  liquid  forms  an  aggregate 
of  slender  needles  if  kept  for  some  time  in  the  acid . 

A.  and  E.  Scacchi 10  obtained  from  an  old  rock  embedded  in  Yesuvian  lava, 
white  needles  consisting  of  tetragonal  crystals  of  a mineral  which  they  named 
belonosite — from  fieXovq,  a needle — and  which  was  considered  to  be  magnesium 
molybdate,  MgMo04.  F.  de  Carli  observed  no  reaction  between  molybdenum 
trioxide  and  magnesia  up  to  1200°,  but  G.  Tammann  said  that  the  reaction  begins 
at  about  425°,  and  the  heat  of  formation  of  MgMo04  is  7-3  Cals,  per  mol.  F.  Ullik, 
M.  Delafontaine,  and  H.  Struve  prepared  the  anhydrous  salt  by  calcining,  at  not 
too  high  a temp.,  the  hydrated  salt  obtained  by  boiling  magnesia  in  water  holding 
molybdenum  trioxide  in  suspension,  and  evaporating  the  filtered  liquid. 
G.  N.  Wyrouboff  found  that  rhombic  crystals  of  the  heptahydrate  are  formed  at 
about  30°  ; and  F.  Westphal  also  obtained  rhombic  crystals  of  the  heptahydrate 
which  are  isomorphous  with  heptahydrated  magnesium  sulphate  ; and  which  lost 
five  mols.  of  water  at  80°.  G.  N.  Wyrouboff  observed  that  soln.  at  a temp,  exceeding 
30°  yield  the  triclinic  pentahydrate.  The  transition  temp,  has  not  been  determined 
exactly.  F.  Westphal  prepared  the  salt  by  mixing  soln.  of  magnesium  chloride 
and  of  sodium  molybdate.  A.  and  E.  Scacchi  described  belonosite  as  a white 
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mineral  consisting  of  minute,  acicular  crystals  of  MgMo04,  which  are  tetragonal  with 
the  axial  ratio  a : c=l  : 0-66054.  W.  Jander  discussed  the  lattice-structure,  and 
the  diffusion  of  the  molybdate  and  tungstate.  The  triclinic  pentahydrate  furnishes 
prismatic  crystals  isomorphous  with  the  pentahydrates  of  copper  sulphate,  and 
magnesium  sulphate  and  chromate.  The  axial  ratios  were  fotmd  by  G.  N.  Wyrou- 
boff  to  be  a : b : c=0-5264  : 1 : 0-5732,  and  a=80°  43',  £=98°  52',  and  y=107°  28'. 
The  sp.  gr.  is  2-208.  Three  mols.  of  water  are  lost  at  120°,  and  the  remainder  at  a 
red-heat  without  decomposing  the  molybdate.  M.  Delafontaine  said  that  the  salt 
is  readily  soluble  in  hot  and  cold  water.  F.  Rodolico  prepared  a complex  with 
hexamethylenetetramine,  MgMo04.X.10H20. 

F.Ullikprepared  ammonium  magnesiummolybdate,(NH4)2Mo04.MgMo04.2H20, 
by  evaporating  an  equimolar  soln.  of  the  two  salts  spontaneously,  or  on  a water- 
bath  ; and  also  by  adding  ammonia  to  a soln.  of  magnesium  molybdate,  and 
crystallizing  the  filtrate.  V.  von  Zepharovich  gave  a : b : c=0-851  : 1 : 0-436  for 
the  axial  ratios  of  the  probably  rhombic,  bipyramidal  crystals.  The  (010)- 
cleavage  is  well  defined  ; and  the  (100) -cleavage  less  so.  When  the  salt  is  heated 
F.  Ullik  observed  that  water  and  ammonia  are  evolved ; the  salt  is  freely  soluble 
in  water.  F.  Ullik  studied  the  isomorphism  of  th  molybdates,  sulphates,  and 
chromates.  If  mixed  soln.  of  magnesium  molybdate  and  ammonium  sulphate, 
or  of  magnesium  sulphate  and  ammonium  molybdate,  are  allowed  to  crystallize, 
isomorphous  mixtures  of  the  molybdato-  and  sulphato-complex  salts  are  formed 
in  which  the  ratio  Mo03  : S03  depends  on  the  proportions  of  the  radicles  in  the 
soln.  With  dil.  soln.  evaporated  spontaneously,  the  salt  which  separates  has  a 
small  proportion  of  molybdate,  while  a large  proportion  of  molybdate  is 
present  if  hot,  sat.  soln.  are  mixed.  The  crystals  have  the  composition 
(NH4)2Mg(Mo04)2-n(S04)n.6H20,  and  are  monoclinic  like  the  complex  sulphates 
(NH4)2Mg(S04)2.6H20.  The  mixed  crystals  were  also  studied  by  F.  Westphal. 
F.  Ullik  also  found  that  mixed  soln.  of  magnesium  molybdate  and  ammonium 
chromate  also  furnish  isomorphous  mixtures  of  the  two  salts.  F.  Ullik  prepared 
crystals  of  potassium  magnesium  molybdate,  K2Mg(Mo04)2.2H20,  by  the  method 
employed  for  the  ammonium  salt.  The  salt  loses  water  and  melts  at  a dull  red- 
heat  ; and  it  is  slowly  dissolved  by  cold  water,  and  quickly  by  hot  water.  F.  Ullik 
found  that  mixed  soln.  of  magnesium  molybdate  and  potassium  sulphate  furnish 
crystals  of  the  separate  components,  but  with  mixed  soln.  of  molybdates  and 
chromates,  isomorphous  mixtures  of  K2Mg(Mo04)n_9(Cr04)„.2H20  are  formed. 

F.  de  Carli 11  observed  that  a reaction  between  molybdenum  trioxide  and  zinc  oxide 
begins  at  270°.  R.  Brandes  obtained  a precipitate  by  adding  ammonium  molybdate 
to  a soln.  of  a zinc  salt,  and  the  yellowish -white  powder  approximated  in  com- 
position to  zinc  molybdate,  ZnMo04.  W.  Jander  discussed  the  lattice-structure  ; 
and  the  diffusion  of  the  molybdate  and  tungstate.  There  is  an  interchange  of  acid 
radicle  in  the  reactions  CdO+ZnMo04=CdMo04+ZnO  ; Mg0+ZnMo04=MgMo04 
+ ZnO  ; MgOH-CdMo04=CdO-|-MgMo04  ; and  MgO+MnMo04=MgMo04+MnO. 
R.  Brandes  said  that  zinc  molybdate  is  sparingly  soluble  in  water  ; and  readily 
soluble  in  acids.  A.  Coloriano,  and  E.  Manassewitsch  showed  that  the  product 
obtained  by  precipitation  is  really  the  monohydrate,  which  does  not  lose  all  its 
water  at  100°.  H.  Schultze  obtained  minute  needles  of  the  anhydrous  salt  by 
fusing  together  a mixture  of  sodium  molybdate,  zinc  chloride,  and  sodium  chloride 
(2:3:6),  and  washing  the  cold  mass  with  water.  The  salt  is  fusible.  F.  L.  Son- 
nenschein  prepared  crystals  of  zinc  diamminomolybdate,  Zn(NH3)2Mo04.H20,  by 
evaporating  the  filtered  liquid  obtained  by  digesting  zinc  oxide  with  an  ammoniacal 
soln.  of  ammonium  molybdate. 

F.  de  Carli  observed  that  a reaction  between  cadmium  oxide  and  molybdenum 
trioxide  begins  at  about  500°.  R.  Brandes  obtained  what  appears  to  have  been 
cadmium  molybdate,  CdMo04,  by  precipitation  as  in  the  case  of  the  analogous 
zinc  salt ; and  H.  Schultze  obtained  yellow  plates  of  the  anhydrous  salt  by  melting 
together  sodium  molybdate,  cadmium  chloride,  and  sodium  chloride  (2:7:6). 


MOLYBDENUM 


563 


The  salt  was  also  obtained  by  the  precipitation  process  by  E.  P.  Smith  and 
R.  H.  Bradbury,  A.  Junius,  and  E.  Manassewitsch.  E.  K.  Broch  calculated  from 
the  X-radiograms,  the  space-lattice  with'a=5*138  A.,  c=ll*17  A.,  a : c=l  : 2-174  ; 
and  the  density,  5-347.  W.  Jander  studied  the  diffusion  of  the  molybdate  and 
tungstate.  The  salt  is  sparingly  soluble  in  water, ' freely  soluble  in  acids,  aq. 
ammonia,  and  soln.  of  potassium  cyanide.  S.  H.  C.  Briggs  obtained  colourless 
crystals  of  ammonium  cadmium  diamminomolybdate,  (NH4)2CdMo04(NH3)2, 
from  an  ammoniacal  soln.  of  cadmium  sulphate  and  ammonium  molybdate  as  in 
the  case  of  the  corresponding  copper  salt.  The  salt  is  partially  decomposed  when 
heated. 

H.  Struve 12  treated  potassium  trimolybdate  with  mercurous  nitrate  and  washed 
the  resulting  dimolybdate  with  water  until  it  formed  golden-yellow  needles  of 
mercurous  molybdate,  Hg2Mo04  ; the  change  occurs  more  rapidly  if  the  precipitate 
and  mother-liquor  be  boiled  for  a long  time.  C.  W.  Scheele  said  that  mercuric 
chloride  does  not  give  a precipitate  with  molybdic  acid ; but  J.  J.  Berzelius,  and 
C.  Hatchett  observed  that  with  potassium  molybdate  a yellow  precipitate  of 
mercuric  molybdate  is  produced  which  is  decomposed  by  nitric  acid ; 100  parts 
of  water  dissolve  0-167  to  0-200  part  of  the  salt.  According  to  C.  H.  Hirzel,  finely- 
divided  mercuric  oxide  is  rapidly  attacked  by  a cone.  soln.  of  acid  ammonium 
molybdate,  and  after  boiling  for  some  hours,  a yellowish-white,  granular  pre- 
cipitate is  formed — no  ammonia  is  given  off,  and  no  mercury  passes  into  soln. 
The  composition  of  the  precipitate  was  not  determined. 

H.  Struve,13  and  J.  G.  Gentele  were  unable  to  prepare  normal  aluminium 
molybdate ; nor  has  gallium  molybdate  been  obtained.  The  aluminium  molybdates 
are  discussed  below.  G.  Tammann  observed  no  reaction  between  alumina  and 
molybdenum  trioxide  below  700°.  C.  Renz  prepared  indium  molybdate, 
In2(Mo04)3.2H20,  by  the  action  of  ammonium  molybdate  on  a soln.  of  an  indium 
salt ; the  white  precipitate  dries  to  a horn-like  mass  ; it  is  insoluble  in  water, 
and  soluble  in  hydrochloric  acid.  M.  Delafontaine  prepared  thallous  molybdate, 
T12Mo04,  by  boiling  thallous  oxide  or  carbonate  with  water  and  molybdic  acid  ; 
P.  S.  Oettinger,  and  H.  Fleming,  by  double  decomposition  of  a soln.  of  a thallous 
salt  with  a normal  molybdate  ; and  F.  Mauro,  by  roasting  thallous  molybdenum 
dioxytetrafluoride  at  a red-heat  in  air.  It  separates  from  a hot  aq.  soln.  as  a 
crystalline  powder,  or  in  tabular  crystals.  It  melts  at  a red  heat  to  form  a yellow 
liquid,  and  partial  volatilization  occurs.  The  salt  is  soluble  in  alkali-lye  ; and  it 
dissolves  in  hydrofluoric  acid  to  form  a soln.  which  when  evaporated  over  sulphuric 
acid,  furnishes  crystals  of  thallous  molybdenum  dioxytetrafluoride. 

P.  Didier  14  prepared  cerous  molybdate,  Ce2(Mo04)3,  by  fusing  a mixture  of 
anhydrous  cerous  chloride  and  sodium  molybdate  ; and  A.  Cossa  observed  that  a 
soln.  of  a cerous  salt  gives  a gelatinous  white  precipitate  when  treated  with  sodium 
molybdate ; the  precipitate  becomes  yellow  and  crystalline.  H.  Traube  obtained 
crystals  of  cerium  molybdate  as  a sublimate  by  the  method  indicated  in  connection 
with  calcium  molybdate.  G.  Tammann  said  that  the  reaction  between  cerium 
dioxide,  and  molybdenum  trioxide  begins  at  about  650°,  and  Ce2(Mo04)3  is  formed. 
The  sp.  gr.  of  the  salt,  which  has  been  fused  in  an  inert  atm.,  is  4-56.  F.  Zambonini 
and  R.  G.  Levi  gave  5-03  for  the  sp.  gr.  According  to  A.  Cossa,  the  crystals 
are  tetragonal  and  are  isomorphous  with  wulfenite ; they  have  the  axial  ratios 
a : c=l  : 1-558.  F.  Zambonini  found  that  the  air-dried  precipitate  is  the  trihydrate, 
Ce2(Mo04)3.3H20.  He  obtained  crystals  of  the  anhydrous  salt  by  fusing  the 
precipitated  salt  in  an  electric  furnace,  and  slowly  cooling  the  mass ; he  gave  for 
the  axial  ratio  of  the  rhombic  crystals  a : b : c=0-6631  : 1 : 0*8212.  The  sp.  gr. 
of  the  rhombic  crystals  is  4-83  at  20°/20°  ; the  mol.  vol.,  167-4  ; and  the  m.p.,  930°. 
F.  Zambonini  also  obtained  a tetragonal  form  by  heating  the  salt  dried  at  180°  to  1050° 
and  slowly  cooling  it  from  900° — the  axial  ratio  was  a : c=l  : 1-5624  ; F.  Zambonini 
and  R.  G.  Levi  gave  for  the  dimensions  of  unit  cell  a— 3-77  A.,  and  c=5*81  A. 
F.  Zambonini  gave  5-03  for  the  sp.  gr.  at  18°/18°  ; and  for  the  mol.  vol.,  151-2. 
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E.  Cane  gave  0-126  for  the  sp.  ht.  The  indices  of  refraction  and  dispersions  for 
A=667,  570,  and  533  are  respectively  oj  =2-0185,  e=2-0067,  and  oj — e=0-0118  ; 
co =2-0403,  €=2-0277,  and  co-e=0-0126 ; and  co=2-0512,  €=2-0375,  and  cn-e 
=0-0137.  S.  Prakash  and  N.  R.  Dhar  obtained  the  hydrogel  of  ceric  molybdate. 
The  crystal  plates  obtained  in  preparing  the  tetragonal  form  appear  to  be  cerous  ceric 
or  cerosic  molybdate,  Ce2(Mo04)3.2Ce(Mo04)2.  E.  Herlinger  studied  the  crystal 
structure.  F.  Zambonini  prepared  isomorphous  mixtures  of  tetragonal  crystals 
of  calcium  and  cerous  molybdates  containing  up  to  59-1  per  cent,  of  cerous 
molybdate.  The  axial  ratios  a:  c of  the  tetragonal  .crystals  with  0,  6-5,  and  59-1 
per  cent,  of  cerous  molybdate  are,  respectively,  1 : 1-5513,  1 : 1-5492,  and  1 : 1-5510. 
Isomorphous  mixtures  of  crystals  of  cerous  and  strontium  molybdates  with  up 
to  39-7  per  cent,  of  the  cerium  salt  were  prepared.  The  refractive  indices  for  light 
of  wave-length  A were  : 


2-4  per  cent.  Ce2(Mo04)3. 

39-7  per  cent.  Ce2(MoO,)3. 

A 

€ 

OJ 

€ OJ 

€ 

OJ 

€ — OJ 

667 

. 1-9127 

1-9088 

0-0039 

1-940 

1-937 

0-003 

670 

. 1-9258 

1-9210 

0-0048 

1-956 

1-952 

0-004 

533 

. 1-9350 

1-9290 

0-0060 

1-963 

1-958 

0-005 

F.  T.  Frerichs  and  E.  F.  Smith  prepared  lanthanum  trihydromolybdate, 
LaH3(Mo04)3,  as  a precipitate  by  adding  ammonium  molybdate  to  a lanthanum 
salt.  F.  R.  M.  Hitchcock  obtained  the  normal  lantha- 
num molybdate,  La2(Mo04)3,  by  adding  sodium  molyb- 
date to  a soln.  of  lanthanum  chloride,  and  dehydrating 
the  gelatinous  precipitate.  H.  Traube  obtained  crystals 
as  a sublimate  by  the  method  indicated  for  calcium 
molybdate.  F.  Zambonini  fused  the  salt  and  by  slow 
cooling  obtained  tetragonal,  bipyramidal  crystals  with 
the  axial  ratio  a:  c— 1 : 1-5504.  F.  Zambonini  and 

p 09 „ ....  . R.  G.  Levi  gave  for  the  dimensions  of  the  elementary 

the  System? La  2 ( Mo04  )3-  ceII>  a=3'78  A-  and  c=5-68  A.  F.  Zambonini  found  that 
Na2Mo04-H20.  the  optical  character  was  negative.  The  sp.  gr.  is  4-77 

at  16°/16° ; the  mol.  vol.,  158-9 ; and  the  m.p.,  1181°. 
E.  Cane  gave  0114  for  the  sp.  ht.  G.  Carobbi’s  study  of  the  ternary  system  : 
La2(Mo04)3-Na2Mo04-H20  at  25°,  and  the  results,  Fig.  22,  show  the  existence  of 
the  two  sodium  lanthanum  molybdates  : La2(Mo04)3.Na2Mo04.2H20,  and 
La2(Mo04)3.2Na2Mo04.3H20.  F.  Zambonini  found  that  isomorphous  mixtures 
were  obtained  with  lead  molybdate  (q.v.),  with  up  to  42  per  cent,  of  calcium 
molybdate ; with  up  to  62-5  per  cent,  of  strontium  molybdate ; and  with  up  to 
86-9  per  cent,  of  barium  molybdate.  F.  T.  Frerichs  and  E.  F.  Smith  obtained 
didymium  trihydromolybdate,  DiH3(Mo04)3  as  in  the  case  of  the  lanthanum  salt. 
A.  Cossa  also  prepared  didymium  molybdate,  Di2(Mo04)3.  H.  Traube  obtained 
crystals  as  a sublimate  by  the  method  indicated  for  calcium  molybdate  in  tetra- 
gonal crystals,  which,  according  to  F.  Zambonini  have  the  axial  ratio  a : c=l : 1-5489. 
The  sp.  gr.  is  4-96  at  16-5°/16-5°.  The  m.p.  is  1125°,  but  it  is  not  sharp.  The  double 
refraction  is  negative,  and  there  are  no  optical  anomalies.  The  index  of  refraction 
is  2-008  for  the  A-line  ; 2-012  for  the  C-line  ; 2-026  for  the  A-line  ; 2-039  for  the 
A-line  ; and  2-054  for  the  A-line.  Isomorphous  mixtures  were  obtained  with  lead 
molybdate  (q.v.),  and  with  calcium  molybdate.  The  crystals  with  about  61-2  per 
cent,  of  calcium  molybdate  have  a feebly  positive  birefringence.  The  indices  of 
refraction  for  light  of  wave-length  A are  : 


A 

. 667 

599 

570 

533 

475 

€ 

. 1-9869 

1-9947 

2-0020 

2-0094 

2-0212 

OJ 

. 1-9902 

1-0089 

2-0068 

2-0139 

2-0258 

€~OJ  • 

0-0033 

0-0042 

0-0048 

0-0045 

0-0046 

F.  R.M.  Hitchcock  prepared  neodymium  molybdate,  Nd2(Mo04)3  ; and  F.  Zambonini 
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found  that  the  air-dried  substance  has  the  composition  Nd2(Mo04)3.4H20. 
When  heated  with  molten  sodium  chloride,  violet  crystals  are  formed.  The  axial 
ratio  of  the  tetragonal  crystals  is  a : c= 1 : 1-5480.  F.  Zambonini  and  R.  G.  Levi 
gave  for  the  dimensions  of  the  elementary  cell  a= 3-74  A.,  and  c— 5-79  A. 
F.  Zambonini  found  that  the  birefringence  is  negative  ; the  indices  of  refraction  and 
dispersions  for  A=667,  570,  and  533  are  respectively  o>=2-0052,  e=2-0038,  and 
a,— £=0-0014;  m=2-0239,  €=2-0218,  and  oj— e=0-0021 ; and  a. =2-0313,  e=2-0293, 
and  o»— e=0-0020.  The  sp.  gr.  is  5-14  at  18°/18°  ; the  mol.  vol.,  149-5  ; and  the 
m.p.,  1176° — vide  infra,  lead  molybdate.  F.  R.  M.  Hitchcock  prepared  praseo- 
dymium molybdate  by  precipitation  with  praseodymium  chloride  and  sodium 
molybdate  soln.  F.  Zambonini  found  that  when  dried  over  sulphuric  acid,  the 
gelatinous  precipitate  has  the  composition  Pr2(Mo04)3.3£H20 ; and  when  heated 
with  fused  sodium  chloride,  the  anhydrous  salt  furnishes  tetragonal  bipyramids 
with  the  axial  ratio  a : c=l  : 1-5439.  F.  Zambonini  and  R.  G.  Levi  gave  for  the 
dimensions  of  the  elementary  cell,  a= 3-76  A.,  and  c=5-805  A.  F.  Zambonini 
found  that  the  sp.  gr.  is  4-84  at  16-5°/16-5°  ; the  mol.  vol.  is  157-3  ; and  the  m.p., 
1030°.  The  birefringence  is  negative  ; and  the  index  of  refraction  e=l-990,  2-007, 
and  2-016  respectively  for  A=667,  570,  and  533.  P.  T.  Cleve  obtained  samarium 
molybdate,  Sm2(Mo04)3,  in  violet,  rhombic  octahedra,  by  calcining  a mixture  of 
samarium  oxalate,  sodium  chloride,  and  molybdenum  trioxide.  F.  Zambonini  and 
R.  G.  Levi  found  the  dimensions  of  the  unit  cell  to  be  a=3-69  A.,  and  c=5-81  A., 
the  axial  ratio  a : c=l : 1-5745.  The  sp.  gr.  is  5-36.  A.  Cleve  prepared  sodium 
samarium  molybdate,  SmNa(Mo04)2,  in  pale  red  needles.  The  two  salts  can  be 
separated  by  levigation  in  water.  F.  Zambonini  prepared  yttrium  molybdate, 
Y2(Mo04)3.4H20,  by  drying  over  calcium  chloride  the  precipitate  obtained  by  adding 
a soln.  of  sodium  molybdate  to  one  of  yttrium  nitrate.  When  melted,  and  slowly 
cooled,  it  furnishes  greyish-white  or  yellow  crystal  plates  which  belong  to  the  tetra- 
gonal system,  and  have  the  axial  ratio  a : c=l  : 1-5422  ; the  (OOl)-cleavage  is  incom- 
plete ; the  sp.  gr.  is  4-79  at  16°/lh°  ; the  mol.  vol.  is  137-4  ; the  m.p.  is  1347°  ; 
and  the  index  of  refraction,  e,  for  A=667  is  2-013  ; for  A=570,  2-031  ; and  for 
A=533,  2-043.  Isomorphous  mixtures  with  lead  molybdate  (< j.v .),  and  with  calcium 
molybdate  were  prepared.  E.  Cane  gave  0-159  for  the  sp.  ht.,  F.  Zambonini  found 
that  the  crystals  with  95-3  per  cent,  of  the  calcium  salt  had  the  respective  indices 
of  refraction  and  dispersions  e=l-986,  o>=l-978,  and  e— co=0-008  for  A=667  ; 
e=2-002,  m=l-998,  and  €— m=0-004  for  A=570 ; and  e=2-012,  m=2-003,  and 
e— a>=0-009  for  A=533.  It  was  found  that  the  presence  of  cerous  molybdate 
favours  the  formation  of  isomorphous  mixtures  with  higher  proportions  of  calcium. 
Crystals  containing  24-7  per  cent,  of  yttrium  molybdate,  21  per  cent,  of  cerous 
molybdate  and  44-3  per  cent,  of  calcium  molybdate  had  the  axial  ratio 
a : c=l  : 1-5436,  a positive  birefringence,  and  the  indices  of  refraction  for  the 
C-,  D-,  and  /iMines  respectively  e=l-9939,  2-0049,  and  2-0208  ; cu=l-9905,  2-0004, 
and  2-0163  ; and  e— m=0-0034,  0-0045,  and  0-0045.  A.  Cleve  obtained  ytterbium 
oxymolybdate,  Yb203.Yb202(Mo04),  as  a green  crystalline  powder,  by  heating 
ytterbium  oxide,  molybdenum  trioxide,  and  sodium  chloride  at  a high  temp. 

The  silicon  molybdates,  or  silicomolybdates,  were  discussed  in  connection  with 
the  silicates — 6.  40,  50.  For  the  titanium  molybdates,  vide  infra.  O.  Kulka  15 
treated  a cold,  aq.  soln.  of  ammonium  paramolybdate  with  zirconium  sulphate, 
and  obtained  a slimy  precipitate  which,  when  washed  with  hot  water,  approximated 
to  zirconium  molybdate,  Zr(Mo04)2.21H20.  Tt  is  insoluble  in  water,  but  soluble 
in  hot,  cone,  hydrochloric  acid.  Zirconium  hydroxide  is  insoluble  in  an  aq.  soln.  of 
alkali  molybdate.  S.  Prakash  and  N.  R.  Dhar  obtained  the  hydrogel  of  zirconium 
molybdate.  S.  M.  Tanatar  and  E.  K.  Kurowsky  prepared  zirconium  oxy- 
chloromolybdate,  ZrCl4.mZr3(Mo04)2.ttZr02.  J.  J.  Berzelius  obtained  thorium 
molybdate  as  a white  precipitate  by  adding  a soln.  of  an  alkali  molybdate  to  one 
of  a thorium  salt ; and  J.  J.  Chydenius,  by  mixing  a feebly  acid  soln.  of  thorium 
tetrachloride  with  an  ammoniacal  soln.  of  ammonium  molybdate.  F.  Zambonini 
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obtained  the  anhydrous  salt,  Th(Mo04)2,  by  fusing  partly-dehydrated  thorium 
chloride  with  an  excess  of  anhydrous  sodium  molybdate.  The  tetragonal  crystals 
have  the  axial  ratio  a : c— 1 : 0-73565  ; and  the  sp.  gr.  4-92  at  7-5°/7-5°.  They  form 
isomorplious  mixtures  with  those  of  cerous  molybdate.  S.  Prakash  and  N.  R.  Dhar 
prepared  the  hydrogel  of  thorium  molybdate. 

The  blue  colour  obtained  by  J.  B.  Richter  16  by  mixing  an  alkali  molybdate 
with  stannous  chloride,  or  by  the  action  of  tin  and  hydrochloric  acid  on  molybdenum 
trioxide  suspended  in  water  was  shown  by  J.  J.  Berzelius  to  be  a mixture  of  stannic 
molybdate  and  a blue  lower  oxide  of  molybdenum.  H.  Schiff  said  that  the  blue 
pigment  contains  no  tin, and, according  to  G.  Deniges,it  is  produced  by  other  reducing 
agents.  J.  P.  Longstaff  recommended  the  reaction  as  a test  for  tin.  F.  de  Carli 
observed  that  a reaction  between  stannous  oxide  and  molybdenum  trioxide  begins 
at  400°.  J.  J.  Berzelius  obtained  stannic  molybdate,  as  a grey  powder  insoluble 
in  water,  and  soluble  in  hydrochloric  acid  with  a blue  or  green  coloration  ; and  in 
potash-lye  with  a brown  coloration.  It  is  not  decomposed  by  nitric  acid. 
S.  Prakash  and  N.  R.  Dhar  dialyzed  for  2 days  a mixture  of  l-5M-SnCI2  with  a 
25  per  cent.  soln.  of  potassium  molybdate.  The  clear  soln.  was  mixed  with  an 
equal  vol.  of  water.  It  set  to  a jelly  in  5 hrs.  The  viscosities  at  30°  were  : 

Age  .0  3 5 10  20  30  40  60  80  min. 

Viscosity  0 01272  0 01353  0 01471  0 01804  0 02300  0 03032  0 03447  0 04412  0-07505 

I.  Eques  a Born 17  described  a mineral  plumbum  spatosum  flavorubrum  from 
Annaberg,  and  it  was  also  examined  by  N.  J.  von  Jacquin,  and  F.  X.  Wulfen. 
J.  B.  L.  Rome  de  1’Isle  called  it  plombjaune  ; A.  G.  Werner,  Gelbbleierz  ; R.  Kirwan, 
yellow  lead-spar  or  molybdenated  lead  ore ; F.  S.  Beudant,  melinose ; and  W.  Haidinger, 
wulfenite — after  F.  X.  Wulfen.  Analyses  were  reported  by  J.  C.  H.  Heyer, 
M.  H.  Klaproth,  C.  Hatchett,  F.  Gobel,  I.  Domeyko,  F.  Jost,  J.  L.  Smith, 
F.  Reinitzer,  C.  L.  Allen,  C.  Schmidt,  C.  F.  Rammelsberg,  G.  Rose,  J.  F.  W.  John- 
ston, K.  Schlier,  Y.  von  Zepharovich,  A.  Schrauf,  H.  Regnard,  and  F.  Wohler. 
The  mineral  approximates  in  composition  to  lead  molybdate,  PbMo04.  The  lead 
may  be  partly  replaced  by  lime  forming,  according  to  I.  Domeyko,  and  V.  von 
Zepharovich,  calcium  lead  molybdate,  or  else  an  isomorphous  mixture.  Specimens 
from  Pribram  were  found  by  P.  Groth  to  contain  chromium — chromowulfcnite — 
similarly,  A.  Schrauf,  J.  L.  Smith,  and  G.  Rose  found  chromium  in  specimens  from 
Ruksberg,  Phcenixville,  etc. ; and  E.  F.  Smith,  C.  F.  Rammelsberg,  and  F.  Wohler 
reported  samples  with  vanadium ; G.  Carobbi,  samples  with  rare  earths ; and 
H.  Regnard,  samples  with  arsenic.  The  mineral  occurs  in  nature  associated  with 
other  lead  ores  at  Lackentyre,  Scotland ; Chalanches,  and  Beaujolais,  France ; 
Gorno,  Italy  ; Sarrabus,  and  Gennamari,  Sardinia  ; St..  Luc,  Switzerland  ; Blei- 
berg,  Carinthia  ; Ruskitza,  Austria  ; Rezbanya  and  Szaska,  Hungary ; Pribram, 
Czechoslovakia ; Moldawa,  Banat ; Annaberg,  Schneeberg,  Johanngeorgenstadt, 
and  Berggieshiibel,  Saxony  ; Baden weiler,  Baden ; Kirghiz  Steppes,  Siberia  ; 
Mindouli,  French  Congo ; in  Massachusetts,  Arizona,  New  York,  Pennsylvania, 
Nevada,  New  Mexico,  and  California,  United  States ; Rio  Chico,  Colombia ; 
Zacatecas,  Mexico,  etc.  The  mode  of  formation  of  wulfenite  was  discussed  by 
E.  Dittler,  G.  Bischof,  A.  Himmelbauer,  M.  Henglein,  C.  Schmidt,  G.  Cesaro, 
and  A.  W.  Stelzner-Bergeat.  J.  F.  L.  Hausmann  observed  it  as  a furnace 
product. 

F.  de  Carli  observed  that  a reaction  between  molybdenum  trioxide  and  lead 
oxide  begins  at  650°  ; W.  Jander  said  450° ; and  G.  Tammann,  and  J.  Guillissen, 
460°.  D.  Balareff  said  that  the  maximum  effect  occurs  at  700°.  J.  J.  Berzelius 
prepared  lead  molybdate  by  mixing  soln.  of  lead  nitrate  or  acetate  and  ammonium 
molybdate  ; G.  Wempe,  and  H.  B.  Weiser  used  acid  ammonium  molybdates  ; 
and  L.  F.  Svanberg  and  H.  Struve,  T.  M.  Chatard,  E.  F.  Smith  and  R.  II.  Bradbury, 
A.  Junius,  H.  B.  Weiser,  F.  M.  Jager  and  H.  C.  Germs  used  sodium  molybdates. 
E.  Dittler  treated  white-lead  with  a soln.  of  sodium  hydroxide  containing  6 per 
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cent,  of  ammonium  5 : 12-molybdate  for  90  days  on  a water-bath  in  an  atm.  of 
carbon  dioxide,  and  washed  out  the  carbonate  with  very  dil.  hydrochloric  acid.. 
N.  S.  Manross  melted  a mixture  of  sodium  molybdate  and  lead  chloride  (1  : 6)  in 
a closed  crucible.  F.  Zambonini  used  a similar  process.  H.  Traube  obtained 
crystals  as  a sublimate  by  the  method  used  for  calcium  molybdate.  H.  B.  Weiser 
obtained  colloidal  lead  molybdate  by  precipitation  and  washing  with  hot  water. 
The  colloid  is 'peptized  by  the  selective  adsorption  of  molybdate  ions.  N.  R.  Dhar 
and  S.  Ghosh  found  that  lead  molybdate  is  peptized  by  ammonium  molybdate. 
The  salt  was  analyzed  by  J.  J.  Berzelius,  L.  F.  Svanberg  and  H.  Struve,  N.  S.  Man- 
ross, E.  Dittler,  A.  Junius,  G.  Wempe,  and  H.  C.  Germs,  and  the  results  agree 
with  the  formula  PbMo04. 

The  precipitated  salt  is  a white,  or  yellowish-white  powder,  it  also  appears  in 
yellowish-white,  six-sided  plates,  octahedra,  and  pyramids.  The  colour  of  wulfenite 
may  be  wax-yellow  passing  into  orange -yellow,  orange,  siskin-green  or  olive-green, 
yellowish-grey  ; greyish-white,  or  almost  white,  brown,  or  bright  red.  J.  L.  Smith 
said  the  red  colour  is  due  to  vanadates  ; G.  Rose,  to  chromium  ; P.  Groth,  to  organic 
matter ; and  E.  Dittler,  to  colloidal  molybdic  oxide.  M.  Bamberger  and  R.  Grengg 
said  that  the  colour  of  the  natural  crystals  is  white  at  — 190°.  E.  Dittler  observed 
no  change  in  colour  occurs  when  red  wulfenite  is  heated  to  700°  in  a current  of  air  ; 
and  if  the  finest  powder  of  brownish-yellow  wulfenite  is  heated  to  80°,  it  becomes 
lemon-yellow.  A.  Coloriano  converted  the  amorphous 
powder  into  crystals  by  a prolonged  digestion  with 
water ; and  A.  Cossa  said  that  the  fused  salt  furnishes 
microscopic,  doubly-refracting  pyramids.  Wulfenite 
may  occur  in  fine  or  coarse  granular  masses,  in  com- 
pact masses,  and  in  square  plates  sometimes  extremely 
thin  with  a vicinal  pyramid  replacing  the  basal  plane. 

The  crystals  are  less  frequently  octahedral  or  prismatic. 

The  prismatic  faces  show  the  characteristic  hemi- 
hedrism.  H.  Dauber  said  that  the  crystals  of  wulfenite 
are  tetragonal  pyramids  with  the  axial  ratios  a : c 
=1  : 1-577 ; T.  H.  Hiortdahl  gave  1 : 1-5771  ; L.  Bach, 

1 : 1-5774  ; E.  Flint,  1 : 1-5746;  and  V.  von  Zepharo- 
vich  gave  1 : 1-5744  for  a calcareous  variety.  The  (111)- 
cleavage  is  incomplete ; and  the  (001)-  and  (113)- 
cleavages  are  indistinct.  The  crystals  were  examined 
by  A.  Damour  and  A.  des  Cloizeaux,  V.  von  Zepharo- 
vich,  E.  Hunek,  F.  N.  Guild  and  F.  S.  Wartmann, 

L.  J.  Spencer,  P.  Groth,  S.  Koch,  E.  Flint,  P.  Comucci,  A.  Maier,  J.  Couyat, 
N.  von  Kokscharoff,  E.  Artini,  L.  Fletcher,  A-  Pelloux,  A.  Lacroix,  E.  Re- 
possi,  A.  Drain,  O.  G.  Padurova,  and  A.  Sigmund.  The  percussion  figures 
were  examined  by  M.  Kuhara  ; and  the  corrosion  figures,  by  A.  P.  Honess  ; 
R.  G.  Dickinson  inferred  from  the  X-radiograms  that  the  space-lattice  is  face- 
centred  with  the  atoms  so  located  as  to  form  a diamond  arrangement,  Fig.  23 — the 
sp.  gr.  is  6-82,  and  the  edge  of  unit  cube  with  8 mols.  is  a=22-8  A.  F.  Zambonini 
and  R.  G.  Levi  found  for  the  dimensions  of  the  elementary  cell,  a=3-80  A.,  and 
c=6-00  A.,  and  they  studied  the  isomorphism  of  the  molybdates  of  lead  and  the 
alkaline  earth  metals.  F.  M.  Jager  and  H.  Haga  attributed  the  high  symmetry 
shown  by  the  X-radiograms  of  wulfenite  to  twinning.  L.  Yegard  and  A.  Refsum 
gave  00=7-656  A.,  c0=12-079  A.,  and  a : c=l  : 1-578 ; the  radius  of  the  oxygen 
atom  is  1-18  A.,  of  the  lead  atom,  1-03  A.,  and  of  the  positive  ion,  1-17  A. 

M.  L.  Huggins  discussed  the  structure  of  the  crystals.  D.  Vorlander  and 
H.  Hempel  observed  no  transformation  into  an  isotropic  form  with  rise  of  temp. 
The  sp.  gr.  of  wulfenite  ranges  from  6-03  to  7-01.  C.  L.  Allen  gave  6-7  at  17-5°  ; 
and  J.  L.  Smith,  6-95  ; A.  Cossa  gave  for  the  artificial  crystals  6-62  ; F.  Zam- 
bonini and  R.  G.  Levi,  6-95  ; Y.  G.  Aranda,  6-6933 ; and  N.  S.  Manross,  6-811 . 


Fig.  23. — Arrangement  of 
Atoms  in  Lead  Molybdate : 
% represents  lead  atom, 
and  O a molybdenum 
atom. 
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J.  J.  Saslawsky  found  that  the  sp.  gr.  of  wulfenite  corresponds  with  a contraction 
of  0-60  to  0-68  during  its  formation  from  its  elements.  The  hardness  of  wulfenite 
is  2-75  to  3-0.  E.  Jannetaz  found  the  ratio  of  the  heat  conductivities  of  the 
crystals,  a/y,  to  be  unity.  H.  Kopp  gave  for  the  mol.  sp.  ht.  of  wulfenite  from 
Bleiberg,  0-0287  between  19°  and  50°.  E.  Dittler  observed  that  the  m.p.  in  an 
atm.  of  carbon  dioxide  is  1070°  and  the  optical  properties  of  the  cold  mass  are 
the  same  as  before  fusion.  E.  M.  Jager  and  H.  C.  Germs  said  that  wulfenite  from 
Arizona  melts  at  1064°,  from  La  Cruces,  Mexico,  at  1060° ; and  artificial  lead 
molybdate  at  1065°.  F.  Zambonini  gave  1065°  for  m.p.  ; the  latent  heat  is  said 
to  be  small,  and  the  undercooling  not  more  than  2°.  E.  Cane  gave  0-098  for  the 
sp.  ht.  G.  Tammann  gave  33-1  Cals,  for  the  heat  of  formation  of  PbMo04. 
L.  J.  Spencer  gave  for  the  indices  of  refraction,  m=2-41,  and  e=2-32  for  yellow 
light.  W.  Schneider  observed  no  piezoelectric  effect.  T.  W.  Case  observed  no 
electrical  conductivity  with  wulfenite  in  light  or  in  darkness.  E.  E.  Fairbanks 
gave  11-7  for  the  dielectric  constant  (wTater  81).  They  found  that  the  thermal 
diagram  of  the  system  : PbO-PbMo04,  Fig.  24,  shows  only  two  compounds,  the 
normal  molybdate  melting  at  1065° ; and  the  basic  salt  or  lead  oxymolybdate, 


Fig.  24.— Freezing-point  Fig.  25. — Freezing-point  Fig.  26. — Freezing-point 

Curve  in  System  : Curve  in  System  : Curve  in  System  : 

PbMo04-FbO.  PbMo04-PbS04.  PbMo04-PbCr04. 


Pb20(Mo04),  melting  at  951°.  There  are  two  eutectics  : one  at  762°  corresponding 
with  87-5  molar  per  cent.  PbO,  and  the  other  at  933°  corresponding  with  40  molar 
per  cent.  PbO.  In  the  system  : PbS04-PbMo04,  Fig.  25,  solid  soln.  are  formed 
containing  up  to  6 molar  per  cent,  of  sulphate  or  2 molar  per  cent,  of  molybdate. 
There  is  a eutectic  at  962°  and  57  molar  per  cent.  PbO  ; and  a transition  point  in 
the  solid  soln.  at  879°.  The  thermal  diagram  of  the  system  : PbCr04-PbMo04, 
Fig.  26,  is  largely  hypothetical.  The  composition  of  the  limiting  solid  soln  on  the 
molybdate  side  is  48  molar  per  cent.  PbCr04  at  830°,  the  eutectic  temp.  ; and 
transitions  occur  at  799°  for  the  y-  to  /8-chromate,  and  at  697°  for  the  /3  to  a-chromate 
solid  soln.  H.  Schultze  also  obtained  tetragonal  isomorphous  mixtures  with  up 
to  34  per  cent,  of  lead  chromate,  and  monoclinic  mixed  crystals  with  up  to  16  per 
cent.  The  mineral  achrematite,  or  lead  oxymolybdatochloroar senate,  3{3Pb3(As04)2. 
PbCl2}.4Pb2Mo05,  was  discussed  in  connection  with  the  arsenates. 

P.  Ites  gave  for  the  extinction  coeff.  of  wulfenite  for  the  C-,  D-,  and  ii'-rays, 
respectively,  0-0486,  0-0625,  and  0-455  ; and  the  indices  of  refraction  cu=2-4053, 
and  e=2-283.  According  to  A.  des  Cloizeaux,  the  optical  character  of  wulfenite 
is  negative  ; and  the  indices  of  refraction  are  <n=2-402,  and  e=2-304  for  red  light. 
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H.  C.  Sorby  found  the  mean  refractive  index  to  be  2-370,  and  the  refractory  power 
0-682.  A.  Pochettino  studied  the  cathodic  luminescence  ; E.  Dittler  found  that 
ultra-violet  light  makes  the  colour  of  chromiferous  wulfenite  darker  ; and  C.  Doelter 
observed  that  no  change  in  colour  occurs  with  radium  rays.  L.  Francesconi  and 
co-workers  found  that  wulfenite  from  Sardinia  is  radioactive.  R.  Pohl  found  that 
when  exposed  to  light,  wulfenite  becomes  electrically  conducting. 

E.  Dittler  found  that  water  at  100°  very  slowly  dissolves  colloidal  molybdic 
acid  from  wulfenite- — in  120  hrs.  in  an  extraction  apparatus  about  5 per  cent,  was 
dissolved — no  lead  passed  into  soln.  J.  J.  Berzelius  said  that  alkali-lye  dissolves 
wulfenite,  but  E.  Dittler  added  that  0-1W-KOH  has  no  action,  but  with  a cone, 
soln.  of  the  alkali,  hexagonal  crystals  of  potassium  lead  molybdate  are  formed. 
C.  Barwald  obtained  a complex  I4NH3.I8M0O3.3H2O2.I8H2O,  by  the  action  of 
ammonia  and  hydrogen  dioxide  on  lead  molybdate.  As  indicated  above,  calcium 
lead  molybdate  is  represented  by  the  isomorphous  mixtures  in  some  specimens  of 
wulfenite.  J.  J.  Berzelius  observed  that  cone,  hydrochloric  acid  dissolves  wul- 
fenite, forming  a soln.  of  lead  chloride.  E.  Dittler,  and  W.  Meyerhoffer  said  that  an 
excess  of  fused  sodium  chloride  does  not  convert  wulfenite  into  sodium  molybdate 
and  lead  chloride  ; and  E.  Dittler  observed  no  action  by  a soln.  of  sodium  chloride 
at  100°.  The  solubility  of  lead  molybdate,  S grms.  per  100  c.c.,  in  perchloric  acid 
at  25°,  was  found  by  H.  H.  Willard  and  J.  L.  Kassner  to  be  : 

HC104  ....  0-1 M-  0-50 M-  1-0 M-  2 0 M-  3 0 M- 

S 00016  0-0136  0-0373  0-1176  0-2436 

The  effect  of  the  presence  of  sodium  or  lead  perchlorate  is  to  depress  the  solubility. 
E.  Dittler  found  that  hydrogen  sulphide  colours  wulfenite  brown  in  a few 
minutes  ; and  in  about  12  hrs.  the  powdered  mineral  suspended  in  water  is  com- 
pletely converted  by  hydrogen  sulphide  into  molybdenum  and  lead  sulphides ; 
A.  Terreil  found  that  a boiling  10  per  cent.  aq.  soln.  of  sodium  sulphide  decomposes 
wulfenite  forming  a liquid  containing  thiosulphate  and  molybdenum.  E.  F.  Smith 
noted  that  heated  sulphur  monochloride  dissolves  wulfenite.  J.  J.  Berzelius  said 
that  wulfenite  is  decomposed  by  sulphuric  acid  ; and  that  treatment  with  warm 
nitric  acid  results  in  the  separation  of  yellowish-white  molybdenum  trioxide. 
H.  B.  Weiser  found  that  a hot  aq.  soln.  of  ammonium  nitrate  has  no  solvent  action. 
H.  H.  Willard  and  J.  L.  Kassner  found  that  the  solubility  of  lead  molybdate  in 
0-10M-,  0-50M-,  and  1-(XM-HN03  at  25°  is  0-0020,  0-0244,  and  0-1086  grm.  per 
100  c.c.  respectively  ; the  effect  of  lead  or  sodium  nitrate  is  to  depress  the  solubility. 
According  to  E.  Dittler,  water  containing  carbon  dioxide  has  very  little  action  in 
the  cold,  but  at  100°,  the  mineral  is  decomposed  and  3-66  per  cent,  passes  into  soln. 
A soln.  of  sodium  carbonate,  heated  for  6 days  on  a water-bath,  decomposes  wul- 
fenite, forming  Pb3(OH)2(C03)2,  and  some  lead  and  molybdenum  pass  into  soln. 
H.  B.  Weiser  said  that  acetic  acid  does  not  dissolve  freshly-precipitated  lead 
molybdate,  but  soln.  of  ammonium  or  sodium  acetate  dissolve  a little.  H.  C.  Bolton 
observed  that  a boiling  cone.  soln.  of  citric  acid  decomposes  wulfenite.  L.  Kahlen- 
berg  and  W.  J.  Trautmann  observed  no  reaction  occurs  when  a mixture  of  silicon 
and  lead  molybdate  is  heated  by  a bunsen  burner,  but  a slight  reaction  occurs  in 
the  electric  arc.  F.  Zambonini  prepared  isomorphous  mixtures  of  lead  and  cerous 
molybdates.  The  thermal  analysis  shows  the  following  f.p. : 

Ce2(Mo04)3  0 20  30  50  70  90  95  100  per  cent. 

Beginning  1065°  1074°  1064°  1050°  1024°  975°  938°  973° 

End  . — — — 1025°  1000°  — — — 

The  eutectic  temp,  is  938°  with  95  per  cent,  of  cerous  salt.  Some  optical  observa- 
tions were  made  on  the  products.  For  isomorphous  mixtures  of  lead  molybdate 
with  molybdates  of  lanthanum,  neodymium,  praseodymium,  didymium,  and 
yttrium,  F.  Zambonini  found  : 
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The  arsenic  molybdates  were  discussed  in  connection  with  arsenic — 9.  51,  22  ; 
and  the  antimony  molybdates,  in  connection  with  antimony— 9.  52,  14.  Accord- 
ing to  J.  B.  Richter,18  when  a soln.  of  bismuth  nitrate  is  treated  with  potassium 
molybdate,  a lemon-yellow  precipitate  of  bismuth  molybdate,  presumably 
Bi2(Mo04)3,  is  formed  which  is  easily  soluble  in  the  strong  acids  ; whilst  100  parts 
of  water  dissolve  0-2  part  of  the  precipitate.  By  fusing  an  intimate  mixture  of 
bismuth  and  molybdenum  trio'xides,  F.  Zambonini  obtained  the  salt  in  tetragonal 
crystals  with  the  axial  ratio  a : c=l  : 1-5636,  and  sp.  gr.  6-07  at  15°/15°.  The 
mol.  vol.  is  close  to  those  of  the  molybdates  of  lead  and  the  cerium  metals.  The 
m.p.  is  643°.  W.  T.  Schaller  obtained  greenish  rectangular  crystals  of  a mineral 

from  Schneeberg,  Saxony  ; he  called  it  koechlinite 
— after  R.  Koechlin — and  found  the  analysis  corre- 
sponds with  bismuth  dioxymolybdate,  Bi203.Mo03, 
or  bismuthyl  molybdate,  (BiO)2Mo04.  The  habit 
of  the  crystals  is  tabular,  but  the  thin  tablets  vary 
in  shape  from  square  to  elongated  rectangles  with 
diagonal  stria tions.  The  axial  ratios  of  the  rhombic 
crystals  are  a : b : c=0-9774  : 1 : 1-0026.  The  (1001- 
cleavage  is  perfect.  Both  contact  and  penetration 
twinning  occurs.  The  corrosion  figures  with  cold  dil. 
hydrochloric  acid  (1  : 5)  suggested  a deviation  from 
holohedral  symmetry.  The  crystals  break  readily 
under  a slight  press.  The  index  of  refraction  is 
Fig.  27. — Freezing-point  Curve  ^8=2-55  with  Li-light.  The  crystals  are  slightly 
of  the  System  : pleochroic  when  thick.  E.  F.  Smith  and  R.  H.  Brad- 

PbMo04-Bi2(Mo04)3.  bury  said  that  the  bismuth  salt  is  insoluble  in  water. 

Bismuth  can  be  quantitatively  precipitated  as  ammonium  bismuth  molybdate, 
Bi(NH4)(Mo04)2,  from  a soln.  of  bismuth  nitrate,  feebly  acid  with  nitric  acid,  by 
means  of  ammonium  molybdate.  Thus,  E.  H.  Miller  and  F.  van  Dyke  Cruser  said 
that  the  nitric  acid  soln.  of  the  bismuth  is  mixed  with  a large  excess  of  the  ordinary 
ammonium  molybdate  reagent  and  the  liquid  is  neutralized  with  dil.  aq.  ammonia, 
using  congo-red  as  indicator  ; a drop  or  two  of  dil.  nitric  acid  is  then  added  until 
the  colour  is  lilac.  The  whole  is  diluted  to  about  200  c.c.  and  slowly  heated  to 
50°-60°.  The  precipitated  bismuth  ammonium  molybdate  is  washed  with  a 3 per 
cent.  soln.  of  ammonium  nitrate,  and  dried  in  an  air-bath  at  160°.  When  ignited, 
there  remains  a pale  yellow  mass  of  Bi20.4Mo03.  The  reaction  was  studied  by 
E.  H.  Miller  and  H.  Frank,  and  H.  S.  Riederer.  F.  Zambonini  studied  the  thermal 
diagram,  Fig.  27,  of  the  system  Bi2(Mo04)3-PbMo04.  The  curve  descends  rapidly 
from  the  m.p.,  1065°,  of  lead  molybdate  to  a eutectic  at  615°  corresponding  with 
about  71-5  mol.  per  cent,  of  the  bismuth  salt.  It  then  rises  rapidly  to  643°,  the 
m.p.  of  bismuth  molybdate.  No  solid  soln.  are  formed,  or  else  the  mutual  solubility 
in  the  solid  state  is  very  small. 

The  vanadium  molybdates  have  been  discussed  in  connection  with  vanadium — 
9. 54, 14 ; columbium  molybdate,  and  tantalum  molybdate  have  not  been  prepared  ; 
nor  has  the  normal  chromium  molybdate  been  described,  although  A.  Moberg,19 
and  J.  J.  Berzelius,  said  that  an  apple-green  precipitate  is  formed  when  ammonium 


MOLYBDENUM 


571 


molybdate  is  added  to  a soln.  of  chromic  salt.  H.  Schultze  could  not  prepare 
chromic  molybdates  by  melting  a mixture  of  chromic  chloride  and  sodium  molyb- 
date. S.  Prakash  and  N.  R.  Dhar  obtained  the  hydrogel  of  chromic  molybdate. 
The  chromatomolybdates  are  discussed  in  connection  with  chromium ; and  some 
complex  chromic  dimolybdates  are  indicated  below.  The  intermediate  molybdenum 
oxides  previously  described  can  be  regarded  as  molybdenum  molybdates — e.g. 
Mo5014  can  be  represented  as  molybdenyl  molybdate  ; (Mo0)2(Mo04)3  ; MonOS2 
as  molybdenum  trimolybdate,  (MoO)2(Mo3O10)3 ; Moe026  as  molybdenyl  para- 
molybdate,  (MoO)2(Mo7024) ; Mo7O20  as  molybdenum  molybdate,  Mo2(Mo04)5 ; 
Mo17O50  as  molybdenum  trimolybdate,  Mo2(Mo3O10)5 ; and  Mo37O120  as  molyb- 
denum heptamolybdate,  Mo2(Mo7024)5.  For  the  tungsten  molybdates,  see  the 
molybdenum  tungstates.  A.  Lancien  20  prepared  uranium  molybdate,  U(Mo04)2, 
by  reducing  the  paramolybdate  with  methyl,  ethyl,  or  higher  alcohols;  and 
C.  F.  Rammelsberg  obtained  the  triliydrate,  as  a greenish-black  precipitate,  by 
adding  ammonium  molybdate  to  an  excess  of  uranium  tetrachloride,  and  washing 
the  precipitate  with  hot  water.  It  loses  9-07  per  cent,  of  water  when  calcined ; 
and  when  melted,  some  molybdenum  trioxide  sublimes.  Boiling  alkali-lye  extracts 
the  molybdic  acid;  hydrochloric  acid  forms  a. green  soln.  which  when  diluted 
becomes  yellow.  A.  Lancien  prepared  uranyl  molybdate,  (U02)Mo04,  as  a pre- 
cipitate by  the  addition  of  a soln.  of  ammonium  molybdate  to  uranyl  nitrate 
soln.  When  prepared  in  the  dark,  this  compound  forms  a white,  amorphous 
powder,  which  is  reduced  by  ethyl  and  methyl  alcohols  or  acetic  acid  to  the  green 
uranous  molybdate,  U(Mo04)2,  this  is  then  changed  to  a brick-red  and  then  con- 
verted into  the  green  oxide  by  prolonged  boiling  with  alkali-lye  and  is  rapidly 
dissolved  with  a yellowish-green  fluorescence  by  hydrochloric,  sulphuric,  and  nitric 
acids.  When  exposed  to  sunlight  for  thirty  hours,  uranyl  molybdate  becomes 
golden-yellow  in  colour,  insoluble  in  nitric  acid,  which  merely  whitens  it,  and  is 
no  longer  reduced  by  alcohol.  Uranyl  molybdate  is  radioactive,  having  an  activity 
greater  than  that  of  the  nitrate  and  equal  to  that  of  radium  bromide  of  activity  40. 
B.  Szilard  prepared  uranyl  molybdate  using  an  excess  of  uranyl  nitrate,  in  one  case, 
and,  in  the  other  case,  an  excess  of  ammonium  molybdate,  and  found  the  radio- 
activity of  both  to  be  the  same,  and  to  be  quite  normal.  The  uranium  molybdate 
obtained  by  P.  P.  Pilipenko  from  Bivongi  was  shown  by  G.  Carobbi  to  be  ferri- 
molybdate — vide  infra. 

J.  B.  Richter  21  treated  a soln.  of  manganous  chloride  with  potassium  molybdate 
and  obtained  a brownish-white  precipitate  which  dissolved  in  forty  to  fifty  times 
its  weight  of  water.  H.  Schultze  prepared  manganous  molybdate,  MnMo04,  by 
melting  together  a mixture  of  sodium  molybdate,  sodium  chloride,  and  manganous 
chloride  (1:2:  3),  and  washing  the  cold  mass  with  water.  Yellow,  fusible  mono- 
clinic plates  remain.  The  cold  mass  which  has  been  fused  contains  reddish-brown 
plates  and  needles,  and  yellow  crystals.  The  yellow  crystals  are  soluble  in  cold, 
dil.  hydrochloric  acid,  whilst  the  brown  ones  are  not  attacked.  W.  Jander  discussed 
the  lattice-structure,  and  the  diffusion  of  the  molybdate  and  tungstate,  as  well 
as  the  reaction  MgO-f MnMo04=MnO+MgMo04.  H.  Struve  prepared  the 
hydrate,  MnMo04.H20,  by  treating  manganous  carbonate  with  potassium  or 
sodium  trimolybdate ; and  A.  Coloriano,  by  treating  manganous  nitrate  with 
ammonium  paramolybdate,  and  boiling  the  amorphous  powder  in  the  mother- 
liquor  so  that  it  may  crystallize.  The  white  powder  consists  of  microscopic  pris- 
matic plates  ; it  loses  no  water  at  100°  ; but  at  a higher  temp.,  it  loses  water  and 
becomes  brown.  It  is  sparingly  soluble  in  boiling  water.  E.  Marckwald  obtained 
tabular  crystals  of  the  tritajpentahydrate  by  allowing  the  decahydrate  to  stand 
exposed  to  air  for  some  time  ; and  the  decahydrate  as  a white,  amorphous  precipitate 
by  adding  an  eq.  amount  of  sodium  molybdate  to  a soln.  of  manganous  sulphate. 

E.  Marckwald  reported  a number  of  complex  salts.  Orange-yellow  crystals 
of  ammonium  manganous  molybdate,  (NH4)2O.Mn0.3Mo03.2|H20,  was  obtained 
from  a cold,  dil.  soln.  of  manganese  sulphate  (15  grms.)  and  the  eq.  proportion  of 
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ammonium  paramolybdate  in  100  c.c.  of  water ; (NH4)20.3Mn0.6Mn03.16H20,  in 
yellowish-wbite,  prismatic  crystals,  from  a soln.  of  manganese  sulphate  and  ammo- 
nium paramolybdate  in  a sealed  tube  at  150°  for  5 hrs.  ; (NH4)20.2Mn0.6Mo03. 
16H20,  in  brownish-red  needles,  from  cold  soln.  of  25  grms.  of  manganese  sulphate 
and  an  eq.  amount  of  ammonium  paramolybdate  in  50  c.c.  of  water ; (NH4)20.2Mn0. 
12Mo03.22H20,  in  hexagonal,  yellow  plates,  from  the  mother-liquor  of  the  preceding 
salt ; and  sodium  manganous  molybdate,  2Na20.Mn0.6Mo03.19H20,  in  yellowish- 
white  needles  by  the  action  of  cold  soln.  of  sodium  dimolybdate  and  manganese 
sulphate.  Our  knowledge  of  the  complex  manganous  molybdates  is  thus  in  an 
unsatisfactory  state. 

By  boiling  ammonium  manganic  molybdate  with  manganic  hydroxide,  treating 
the  product  with  water,  and  evaporating  the  brown  soln.,  H.  Struve  obtained 
brown,  amorphous,  manganic  molybdate,  2Mn203.Mo03.4H20.  H.  Struve 
attempted  to  prepare  molybdic  alums,  of  the  general  formula  2R2'0.R2'"03.12Mo03. 
wH20,  where  R'  represents  K or  NH4,  and  R"',  Fe,  AL,  or  Cr.  He  obtained  instead, 
compounds  of  the  general  type  5R'20.Mn203.16Mo03.12H20.  Thus,  by  boiling  a 
soln.  of  ammonium  molybdate  with  manganic  hydroxide,  he  obtained  ammonium 
manganic  molybdate,  5(NH4)2O.Mn203.16Mo03.12H20 ; and  E.  Pechard  treated 
a hot  soln.  of  ammonium  molybdate  and  a manganous  salt  with  a dil.  soln.  of 
potassium  permanganate,  and  obtained  red  crystals  of  the  salt  3(NH4)20.Mn02. 
12Mo02.5H20.  C.  Friedheim  and  M.  Samelson  did  not  agree  with  the  analyses  of 
either  E.  Pechard,  or  of  H.  Struve,  and  A.  Rosenheim  and  H.  Itzig  represented 
E.  Pochard  s compound  by  the  formula  2(NH4)2O.K2O.Mn2O3.10MoO3.5H2O,  and 
by  the  action  of  potassium  chloride  this  was  converted  into  3K20,Mn02.8Mo03. 
5H20.  A.  Rosenheim  added  2 mols  of  a soln.  of  manganous  chloride  to 
a cold,  sat.  soln.  of  ammonium  paramolybdate,  and  obtained  the  complex  salt 
(NH3)3H7[Mn"(Mo04)6].3H20,  which  lost  3 mols.  of  water  when  kept  for  3 days  at 
60°.  The  compound  4(NH4)2O.Mn203.13Mo03.9H20  was  prepared  by  F.  Zambonini 
and  V.  Cagliotti.  It  is  said  to  be  the  compound  prepared  by  H.  Struve,  C.  Friedheim 
and  M.  Samelson,  and  C.  Friedheim  and  O.  Allemann.  The  manganese  is  said 
to  be  really  present  in  the  bi-  and  quadrivalent  states  so  that,  in  harmony  with 
H.  Struve's  opinion,  the  Mn203  in  the  formula  represents  MnO  and  Mn02.  The 
formula  can  therefore  be  written  (NH4)8[Mn”"(Mo207)6].Mn''Mo04.9H20,  in 
harmony  with  E.  Pechard’s  suggestion  that  the  ratio  Mn02  : Mo03  is  1 : 12  and 
that  the  compound  is  analogous  to  the  silicomolybdates.  H.  Struve  also  obtained 
red  crystals  of  potassium  manganic  molybdate,  2K2O.MnO.Mn02.9Mo03.8H20, 
by  boiling  a soln.  of  potassium  trimolybdate  with  manganic  hydroxide,  or  by  the 
action  of  chlorine  on  a soln.  of  potassium  trimolybdate  and  manganous  sulphate. 
C.  Friedheim  and  M.  Samelson  represented  the  composition  of  this  salt  by  the 
formula  2K2O.Mn203.16Mo03.12H20. 

E.  Pechard  reported  permanganous  molybdate,  Mn02.12Mo03.10H20,  to  be 
formed  by  treating  the  barium  salt,  suspended  in  water,  with  the  theoretical  quantity 
of  sulphuric  acid,  and  evaporating  the  clear  liquor  in  vacuo.  A.  Rosenheim  and 
H.  Itzig  denied  the  existence  of  this  compound.  C.  Friedheim  and  M.  Samelson, 
and  C.  Friedheim  and  O.  Allemann  prepared  what  they  regarded  as  permanganito- 
molybdates  ; these  are  indicated  below.  As  emphasized  by  A.  Rosenheim,  the 
test  employed  to  determine  the  active  oxygen  of  the  manganese  dioxide — distilla- 
tion with  potassium  bromide  and  hydrochloric  acid — is  by  no  means  satisfactory  ; 
and  the  question  whether  these  compounds  contain  quadrivalent  or  tervalent 
manganese  has  not  been  satisfactorily  answered.  A.  Rosenheim  thinks  that  these 
salts  may  be  more  or  less  impure  forms  of  R„H10_)l[Mn,"(MoO4)e] ; although 
complexes  with  quadrivalent  cerium,  thorium,  and  zirconium  are  known. 

A mixture  of  a soln.  of  ammonium  paramolybdate  and  manganous  chloride 
with  18-5  per  cent,  of  hydrogen  dioxide  yields  ammonium  permanganitomolybdate, 
2(NH4)20.MnO2.7Mo03.5Hi!O  ; a mixed  soln.  of  potassium  paramolybdate, _ manganous 
chloride  and  2-5  per  cent,  of  hydrogen  dioxide  yields  potassium  permanganitomolybdate, 
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3K20.Mn02.8Mo03.3  or  5H20.  E.  Pochard  also  prepared  this  salt';  a mixed  soln.  of 
ammonium  permolybdate,  and  manganous  and  potassium  chlorides  yields  potassium 
ammonium  permanganitomolybdate,  3{K2,(NH4)2}O.Mn02.8Mo03.4H20 ; sodium 
manganous  permanganitomolybdate  and  potassium  chloride  yield  sodium  potassium 
manganous  permanganitomolybdate,  3(K2,Na2,Mn)O.Mn02,8Mo03.4H20 ; a soln.  of 
ammonium  paramolybdate,  manganous  chloride,  and  2-5  per  cent,  hydrogen  dioxide  yields 
ammonium  permanganitomolybdate,  3(NH4)20.Mn02.9Mo03.6,  7,  or  8H20 ; when  this 
salt  or  the  ammonium  manganous  salt  is  treated  with  potassium  chloride,  it  forms  potassium 
permanganitomolybdate,  3K20.MnO2.9Mo03.5  or  6H20.  R.  D.  Hall  also  prepared  this 
salt ; a soln.  of  sodium  paramolybdate,  manganous  chloride  and  3-5  per  cent,  hydrogen 
dioxide  furnishes  sodium  manganous  permanganitomolybdate,  3(Na2,Mn)O.Mn02.9Mo03. 
15H20  ; a soln.  of  ammonium  paramolybdate,  manganous  chloride,  and  potassium  per- 
sulphate yields  ammonium  manganous  permanganitomolybdate,  3{(NH4)2,Mn}O.Mn02. 
9Mo03.6  or  7H20  ; if  more  potassium  persulphate  is  used,  ammonium  potassium  manganous 
permanganitomolybdate,  3{(NH4)2,K2,Mn}O.Mn02.9Mo03.7H20  ; and  similarly,  potassium 
manganous  permanganitomolybdate,  3(K2,Mn)O.Mn02.9Mo03.6  or  7H20,  is  formed. 
R.  D.  Hall  also  prepared  this  salt ; and  by  treating  it  with  barium  chloride  obtained  barium 
permanganitomolybdate,  3Ba0.Mn02.9Mo03.12H20  ; a soln.  of  ammonium  manganous 
molybdate  and  potassium  permanganate,  or  a soln.  of  ammonium  paramolybdate  with 
potassium  permanganate  and  alcohol  yields  ammonium  manganous  permanganito- 
molybdate, 3{(NH4)2,Mn}O.MnO2.10MoO3.8  or  10H2O  ; a soln.  of  ammonium  para- 
molybdate, manganous  sulphate,  and  potassium  permanganate  yields  ammonium  potassium 
manganous  permanganitomolybdate,  3{(NH4)2,K,Mn}O.MnO2.10MoO3.6  or  10H2O  ; a soln. 
of  ammonium  permolybdate,  and  manganous  chloride  yields  ammonium  manganous 
permanganitomolybdate,  4{(NH4)2,Mn}O.MnO2.10MoO3.6H2O ; a boiling  soln.  of 
ammonium  paramolybdate,  potassium  permanganate,  and  alcohol  yields  ammonium 
potassium  permanganitomolybdate,  4{(NH4)2,K2,Mn}O.MnO2.10MoO3.5H2O ; leaving  a 
soln.  of  ammonium  paramolybdate,  and  molybdic  acid  in  contact  with  hydrated  man- 
ganese dioxide  for  4 months  furnishes  ammonium  manganous  permanganitomolybdate, 
4{(NH4)2,Mn}O.Mn02.llMo03.7H20  ; by  using  more  hydrogen  dioxide  than  was  em- 
ployed in  preparing  the  3:1:9:  6 — salt  ammonium  manganous  permanganitomolybdate, 
4{(NH4)2,Mn}0.Mn02.llMo03.8H20,  is  obtained ; and  an  analogous  process  yields  potassium 
manganous  permanganitomolybdate,  4(K2,Mn)O.Mn02.llMo03.llH20.  E.  Pochard’s 
3K2O.Mn02.12Mo03.4H20  could  not  be  prepared  by  A.  Rosenheim  and  H.  Itzig,  or  by 
C.  Friedheim  and  M.  Samelson.  Nor  could  A.  Rosenheim  and  H.  Itzig  prepare  E.  Pochard’s 
3Na  20  .MnO  2. 1 2Mo03 . 1 3H  20. 

H.  Struve,22  and  E.  Steinacker  found  that  a soln.  of  a molybdate  or  molybdic 
acid  is  reduced  when  treated  with  a ferrous  salt ; but  H.  Schultze  obtained  normal 
ferrous  molybdate,  FeMo04,  by  fusing  a mixture  of  sodium  chloride,  ferrous  chloride, 
and  sodium  molybdate.  G.  Tammann  said  that  the  reaction  between  ferrous 
oxide  and  molybdenum  trioxide  begins  at  about  320°  ; and  that  the  heat  of  forma- 
tion of  FeMo04  is  13*5  Cals.  C.  W.  Scheele  obtained  a brown  precipitate  by  treating 
a soln.  of  ferric  chloride  with  potassium  molybdate ; and  E.  Marckwald  obtained 
normal  ferric  molybdate,  Fe2(Mo04)3.42H20,  in  this  manner  by  treating  3 mols  of 
sodium  molybdate  with  2 mols  of  ferric  chloride.  G.  Tammann  said  that  no 
reaction  between  ferric  oxide  and  molybdenum  trioxide  occurs  below  600° ; and 
he  added  that  the  heat  of  formation  of  Fe2(Mo04)3.nH20  is  — 29-3  Cals.  S.  Prakash 
and  N.  R.  Dhar  found  that  a soln.  of  8 c.c.  of  M-FeCl3,  4 c.c.  of  water,  and  8 c.c. 
of  a 10  per  cent.  soln.  of  potassium  molybdate  sets  to  a jelly  in  10  hrs.  The  viscosities 
at  30°  were  : 

Age  .0  15  32  68  128  158  188  300  min. 

Viscosity  0 009966  0-01009  0-01029  0-01094  0-01442  0-01916  0-03526  0-10620 

Some  forms  of  molybdic  ochre — vide  supra,  molybdenum  trioxide — are  mixtures 
of  ferric  molybdate  and  molybdic  acid.  P.  P.  Pihpenko  obtained  a mineral  from 
the  Alexyewsky  Copper  Mines  of  Jenissejsker,  Siberia,  which  corresponds  with 
2Fe203.7Mo03.19H20,  and  W.  T.  Schaller,  one  from  Hortense,  Colorado,  which 
corresponded  with  Fe2(Mo04)3.7|E20,  and  other  samples  from  Renfrew,  Ontario, 
etc.,  approximating  Fe2(Mo04)3.w(3H20),  and  previously  regarded  as  molybdic 
ochre,  or  molybdite  ( q.v .).  E.  S.  Simpson  gave  (Fe203.4Mo03.5H20)5H20. 
P.  P.  Pilipenko  named  these  minerals  ferrimolybdite.  G.  Carobbi  obtained  a 
ferrimolybdate,  4Fe203.13Mo03.44H20,  from  Bivongi. 

F.  de  Carli  23  observed  that  the  reaction  between  cobaltous  oxide  and  molyb- 
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denum  trioxide  begins  at  410°.  J.  J.  Berzelius  obtained  cobaltous  molybdate, 
CoMo04.wH20,  as  a dirty  yellow  precipitate  by  adding  a soln.  of  alkali  molybdate 
to  one  of  a cobaltous  salt.  The  precipitate  forms  a red  powder  when  dried,  and  it 
is  decomposed  by  acids  and  alkali-lye.  E.  F.  Smith  and  R.  H.  Bradbury  found 
that  cobalt  molybdate  is  not  formed  either  in  cold  dil.  or  cone.  soln.  By  heating  a 
cone.  soln.  of  sodium  molybdate  with  cobalt  nitrate,  a small  quantity  of  a bluish- 
white  precipitate  is  formed  which  dissolves  again  on  cooling.  H.  Schultze  obtained 
crystals  of  the  anhydrous  salt  by  melting  together  a mixture  of  normal  sodium 
molybdate,  cobaltous  chloride,  and  sodium  chloride  (1:2:  2).  An  impure  cobaltous 
molybdate  occurs  as  the  mineral,  named  by  W.  Haidinger,  pateraite — after 
A.  Patera — in  the  Elias  Mine,  Joachimsthal.  It  was  described  by  C.  von  Hauer, 
and  J.  von  Jokely.  An  impure  sample  was  analyzed  by  G.  C.  Laube. 

A.  Coloriano  obtained  the  monohydrate,  CoMo04.H20,  or  H0.Mo02.0.Co.0H, 
in  an  amorphous  state  by  the  action  of  ammonium  paramolybdate  on  a soln.  of  a 
cobaltous  salt.  When  digested  with  water  for  a long  time,  it  becomes  crystalline. 
E.  Marckwald  said  that  the  product  is  impure,  and  he  prepared  it  by  mixing  a 6-5  per 
cent.  soln.  of  cobaltous  chloride  with  a 3-5  per  cent.  soln.  of  sodium  molybdate  in 
the  cold,  and  in  eq.  proportions ; the  pale  rose-coloured  liquid  was  evaporated, 
at  ordinary  temp.,  over  sulphuric  acid,  when  the  crystalline  salt  is  formed.  If  the 
mixed  soln.  be  heated  on  a water-bath  with  stirring  a precipitate  of  the  salt  is  ob- 
tained. E.  Marckwald  observed  that  the  proportion  of  water  in  the  salt  may  vary 
with  the  mode  of  preparation.  The  violet  crystals  lose  part  of  their  water  at  150°, 
and  all  is  expelled  at  445°.  The  salt  is  almost  insoluble  in  boiling  water  ; it  is 
decomposed  by  cone,  acids  with  the  separation  of  molybdenum  trioxide,  which,  with 
more  acid,  may  pass  into  soln.  The  salt  is  soluble  in  dil.  acids.  F.  L.  Sonnenschein 
digested  freshly-precipitated  cobaltous  hydroxide  with  a small  excess  of  aq. 
ammonia,  and  on  evaporating  the  liquid  obtained  red,  prismatic  crystals  of 
cobaltous  diamminomolybdate,  CoMo04.2NH3.H20.  If  a large  excess  of  aq. 
ammonia  is  employed  a precipitate  is  produced.  E.  Marckwald  also  said  that  aq. 
ammonia  dissolves  cobaltous  molybdate  and  the  soln.  on  standing  for  some  time 
deposits  the  diammine.  S.  H.  C.  Briggs  prepared  ammonium  cobaltous  diammino- 
molybdate,  (NH4)2Co(Mo04)2.2NH3,  from  a soln.  of  20  grms.  cobaltous  sulphate, 
50  grms.  ammonium  molybdate,  50  c.c.  cone.  aq.  ammonia,  and  90  c.c.  of  water. 
The  liquid  readily  oxidizes,  and  it  is  evaporated  over  sulphuric  acid,  under  reduced 
press.  The  salt  is  deposited  in  violet  crystals  which  can  be  washed  with  dil.  aq. 
ammonia,  and  dried  with  alcohol  and  ether. 

N.  S.  KurnakofE  prepared  cobaltic  molybdates,  by  the  action  of  bromine  on  a 
soln.  of  potassium  or  sodium  molybdate.  These  salts  differ  from  the  cobaltous 
molybdates  in  giving  off  chlorine  when  they  are  boiled  with  hydrochloric  acid. 
C.  Friedheim  and  F.  Keller  found  that  ammonium  cobaltic  dodecamolybdate, 
3(NH4)20.Co203.12Mo03.20H20,  or  . (NH4)3H6[Co(Mo04)6].7H20,  is  obtained  by 
adding  a 30  per  cent,  of  ammonium  persulphate  to  a mixture  of  cobaltous  acetate 
and  ammonium  paramolybdate,  acidifying  with  dil.  acetic  acid,  and  then  slowly  heat- 
ing. It  may  also  be  prepared  by  the  action  of  cobaltous  acetate  on  the  ammonium 
permolybdate.  It  forms  green,  rhombic  plates  and  dissolves  in  water  to  give  a 
green  soln.  With  cone,  sulphuric  acid,  oxygen  is  evolved ; ammonia  is  evolved  by 
the  action  of  potassium  or  sodium  hydroxide.  It  is  reduced  by  sulphurous  acid. 
Hydrogen  peroxide  causes  the  evolution  of  oxygen  whilst  permolybdates  are  formed. 
By  adding  potassium  chloride  to  an  aq.  soln.  of  ammonium  cobaltic  decamolybdate, 
olive-green  crystals  of  potassium  cobaltic  dodecamolybdate,  3K20.Co203.12Mo03. 
15H20,  or  K3H6[Co(Mo04)6].7H20,  are  'produced.  By  mixing  cobaltous 
acetate,  ammonium  paramolybdate,  and  hydrogen  dioxide  dark  green  crystals 
of  ammonium  cobalt  decamolybdate,  2(NH4)2O.Co2O3.10MoO3.12H2O,  or 
(NH4)2H0[Co(OH(MoO4)5].7H2O,  are  formed;  and  potassium  cobaltic  deca- 
molybdate, 3K20.Co203.1()Mo03.11H20,  is  obtained  either  from  cobaltous  acetate, 
potassium  persulphate,  and  potassium  paramolybdate  or  from  cobaltous  acetate 
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and  ammonium  permolybdate  and  potassium  chloride,  or  by  the  addition  of 
potassium  chloride  to  a cold  sat.  aq.  soln.  of  ammonium  cobaltic  dodecamolybdate. 
By  treating  an  aq.  soln.  of  ammonium  cobaltic  decamolybdate  with  barium 
chloride,  bright  green  barium  cobaltic  enneamolybdate,  3Ba0.Co203.9Mo03.25H20, 
or  Ba3H5[Co(OH)(Mo04)5].3H20,  is  formed ; and  if  ammonium  cobaltic  dodeca- 
molybdate is  similarly  treated,  bright  green  ammonium  barium  cobaltic  deca- 
molybdate, 2(NH4)2O.l|BaO.Co2O3.10MoO3.18|IT2O,  is  produced. 

P.  R.  Ray  and  S.  N.  Maulik  treated  a mixture  of  a cobalt  salt  and  normal  sodium 
molybdate  or  molybdic  acid  in  the  presence  of  the  calculated  quantity  of  ammonium 
salt  and  ammonia,  with  a vigorous  current  of  air,  and  crystallized  the  product  from 
an  ammoniacal  soln.  They  thus  obtained  cobaltic  chioropentamminomolybdate, 
[CoC1(NH3)5]Mo04  ; cobaltic  hydroxypentamminomolybdate,  [Co(OH)(NH3)5]- 
Mo04.H20  (or  2-5H20) ; cobaltic  aquopentamminomolybdate,  [Co(H20)(NH3)5]2- 
(Mo04)3  ; cobaltic  thiocyanatopentamminomolybdate,  [Co(SCy)(NH3)5]Mo04 ; 
and  cobaltic  nitratopentamminomolybdate,  [Co(N03)(NH3)5]Mo04 ; also  cobaltic 
molybdatopentamminomolybdate,  [Co(Mo04)(NH3)5]2Mo04 ; cobaltic  aquonitri- 
totetramminomolybdate,  [Co(H20)(N02)(NH3)4]MoO4 ; and  cobaltic  molybdato- 
nitritotetramminomolybdate,  [Co(Mo04)(N02)(NH3)4]. 

B.  K.  Paul  and  P.  V.  Sarkar  prepared  cobaltic  dimolybdatotetramminotrimolyb- 
date,  [Co(NH3)4(Mo207)]Mo3010.6H20  ; cobaltic  molybdatotetramminomolyb- 
date,  [Co(NH3)4(Mo04)]Mo04.3H20  ; cobaltic  molybdatotetramminotrimolybdate, 
[Co(NH4)4(Mo04)]2Mo3O10.4H2O  ; and  cobaltic  mtratotetramminomolybdate, 

[Co(NH3)4(N03)0]<^0^2.  There  are  also  complex  salts  of  cobaltic  diaquote- 

tramminomolybdatodimolybdate,  [Co(NH3)4(H20)2]4(Mo03)3(Mo207)3.3H20  ; and 
of  [Co(NH3)4(H20)2]i2(Mo04)16(Mo207)3.  They  also  prepared  cobaltic  hexa- 
hydroxydodecamminomolybdate, 


f (NH3)4Co(2o  Co  oh/Co(NH3)4 

OH  OH 

\/ 

Co(NH3)4 


(Mo04)3. 


S.  H.  C.  Briggs  prepared  ammonium  cobaltic  aquopentamminomolybdate, 

[Co(NH3)5(H20)]2(Mo04)3.(NH4)2Mo04.2H20,  by  allowing  a soln.  of  ammonium 
cobaltous  molybdate  to  oxidize  in  air  when  crimson  needles  are  deposited.  The 
salt  dissolves  in  dil:  aq.  ammonia,  but  is  slightly  decomposed  by  water;  and 
when  boiled  the  soln.  in  potash-lye  gives  ofE  ammonia  and  deposits  cobaltic 
hydroxide. 

F.  de  Carli  24  observed  that  the  reaction  between  molybdenum  trioxide  and 
nickelous  oxide  begins  about  495°.  J.  B.  Richter,  and  C.  Hatchett  obtained  a 
light  green  or  white  precipitate  by  adding  potassium  molybdate  to  a soln.  of  nickelous 
chloride.  The  precipitate  was  said  to  be  slightly  soluble  in  boiling  water. 
E.  Marckwald  obtained  nickelous  molybdate,  NiMo04.fH20,  as  a yellow  mass  by 
heating  a soln.  of  nickelous  chloride  and  normal  sodium  molybdate  ; with  sodium 
dimolybdate,  the  precipitate  was  said  to  have  |H20.  This  means  that  the  pre- 
cipitate from  boiling  soln.  is  probably  anhydrous  ; if  precipitated  from  cold  soln., 
the  salt  was  said  to  be  a pentahydrate.  The  green  pentahydrate  forms  a pale  blue 
soln.  with  aq.  ammonia.  H.  Schultze  prepared  monoclinic  prisms  of  the  anhydrous 
salt  by  fusing  a mixture  of  sodium  molybdate,  nickelous  chloride  and  sodium  chloride, 
W.  Jander  discussed  the  lattice-structure  ; and  the  diffusion  of  the  molybdate 
and  tungstate.  F.  L.  Sonnenschein  obtained  nickelous  diamminomolybdate, 
NiMo04.2NH3.H20,  from  a soln.  of  freshly-precipitated  nickelous  hydroxide  or 
molybdate  in  aq.  ammonia.  It  is  decomposed  by  water.  G.  L.  Clark  found  that 
nickelous  hexamminomolybdate,  Ni(NH3)6Mo04,  has  a vap.  press,  of  760  mm.  at 
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389°.  S.  H.  C.  Briggs  prepared  ammonium  nickelous  diamminomolybdate, 

( NH4) 2N i( Mo04) 2 .2 N H:1 , in  green  crystals,  by  allowing  to  stand  in  an  open  dish 
a soln.  of  20  grms.  of  hexahydrated  nickelous  chloride  in  15  c.c.  of  water,  mixed 
with  50  grms.  of  ammonium  molybdate  in  70  c.c.  of  cone.  aq.  ammonia  and  50  c.c. 
of  water. 

The  platinum  molybdates  have  not  been  prepared,  but  0.  W.  Gibbs  25  reported 
that  complex  platinic  molybdates  can  be  prepared  by  the  action  of  platinic  acid, 
platinates,  or  chloroplatinic  acid  on  acid  molybdates.  The  evidence  for  the 
individuality  of  these  products,  R20  : Pt02  : Mo03  : H20,  is  inadequate.  Two 
ammonium  platinic  molybdates  were  reported.  The  one  3 : 2 : 8 : 12  was  obtained 
by  boiling  freshly-precipitated  sodium  platinate  with  a soln.  of  ammonium  molyb- 
date. The  lemon-yellow  crystals  decompose  when  heated.  The  salt  is  sparingly 
soluble  in  water.  It  forms  pale  yellow  mercurous  and  mercuric  salts  when  treated 
respectively  with  mercurous  and  mercuric  nitrates ; pale  yellow  silver  suit,  by  the 
action  of  silver  nitrate  ; pale  yellow  thallous  salt,  by  thallous  nitrate  ; and  it  gives 
a pale  yellow  precipitate  with  cobaltic  dimtritotetramminonitrate.  The  mother- 
liquid  employed  in  the  preparation  of  the  3:3:8: 12-salt  furnishes  the  1:1:2:  91- 
salt  on  evaporation.  The  brown  oily  liquid  gradually  dries  to  a dark  brown  mass 
which  is  decomposed  by  water.  If  hydrochloroplatinic  acid  be  added  to  a boiling 
soln.  of  potassium  molybdate  in  an  excess  of  potash-lye,  and  the  soln.  acidified  with 
acetic  acid,  it  deposits  a yellow,  crystalline  mass  of  potassium  platinic  molybdate — 
10  : 1 : 60  : 40- — which  is  possibly  a mixture  of  potassium  hexamolybdate  and  the 
2 : 1 : 12  : 4-salt.  It  decomposes  when  heated  ; it  is  easily  soluble  in  hot  water  ; 
a pale  bluish-green  copper  salt  is  precipitated  by  cupric  sulphate,  and  it  is  soluble 
in  excess  ; silver  nitrate  gives  a pale  yellow  crystalline  silver  salt.  A soln.  of  platinic 
hydroxide  forms  an  olive-green  soln.  with  sodium  molybdate.  The  soln.  furnishes 
sodium  platinic  molybdate — 4 : 1 : 10  : 29.  The  amber-yellow  plates  are  very 
soluble  in  water,  and  it  forms  cryptocrystalline  precipitates  with  metallic  salt 
soln.  When  the  barium  salt  is  treated  with  dil.  sulphuric  acid,  or  the  silver  salt 
with  dil.  sulphuric  acid,  a soln.  of  the  corresponding  acid  is  obtained — e.g. 
Pt02.10Mo03.4H20,  which  can  be  regarded  as  a platinic  molybdate.  A.  Rosenheim 
could  not  confirm  these  observations. 
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§ 12.  The  Di-,  Para-,  and  Tri-Molybdates 

L.  F.  Svanberg  and  H.  Struve  1 found  that  the  mother-liquor  obtained  in  the 
preparation  of  ammonium  molybdate,  furnishes  on  evaporation  crystals  of 
ammonium  dimolybdate,  (NH4)20.2Mo03,  or  (NH4)2Mo207,  or  NH4O.Mo02. 
O.MoG2.ONH4.  A.  Rosenheim  gave  0-530  to  0-539  for  the  transport  number. 
F.  Mauro  prepared  the  monohydrate  by  evaporating  a soln.  of  ammonium  dioxy- 
tetratluoride  in  ammonia.  The  colourless  crystals  appear  to  be  monoclinic  prisms, 


MOLYBDENUM 


581 


and,  according  to  A.  Scacchi,  have  the  axial  ratios  a : b : c=0-9663  : 1 : 0-9450, 
£=107°  12'.  There  are  also  triclinic  plates.  F.  Mauro  found  that  the  crystals 
become  turbid  in  air  ; and  at  100°,  begin  to  lose  weight,  ultimately  forming,  at 
higher  temp.,  molybdenum  trioxide.  A.  Classen  prepared  white,  deliquescent 
crystals  of  tetraethylammonium  dimolybdate,  {N(C2H5)4}Mo207.3H20. 

F.  Ephraim  and  M.  Brand  treated  a soln.  of  30  grms.  of  lithium  molybdate  with 
42-3  c.c.  of  hydrochloric  acid  of  sp.  gr.  1-07,  and  obtained  aggregates  of  needle-like 
crystals  of  lithium  dimolybdate,  Li2Mo207.5H20,  which  at  120°  lost  one-third  of 
their  water  of  crystallization,  and  dissolved  in  water  more  readily  than  the  tri- 
molybdate. F.  Hoermann  found  the  dimolybdate  has  an  incongruous  m.p.  at  532°, 
Fig.  13.  L.  F.  Svanberg  and  H.  Struve,  and  F.  Ullik  obtained  what  they  re- 
garded as  sodium  dimolybdate,  Na20.2Mo03,  by  fusing  the  required  proportions 
of  sodium  carbonate  or  nitrate  and  molybdenum  trioxide.  The  white  mass  dis- 
solves in  water,  and  the  soln.  yields  small  needles  of  what  L.  F.  Svanberg  and 
H.  Struve  regarded  as  the  monohydrate,  and  F.  Ullik,  the  anhydrous  salt.  E.Groschuff 
obtained  the  salt  by  melting  equimolar  parts  of  normal  sodium  molybdate  and 
molybdenum  trioxide.  The  salt  melts  at  a dull  red-heat  to  an  oily  liquid  which 
crystallizes  on  cooling.  F.  Hoermann  gave  612°  for  the  m.p.,  Fig.  14.  The  salt 
is  sparingly  soluble  in  cold  water  but  more  soluble  in  hot  water.  J.  J.  Berzelius, 
F.  Ullik,  and  L.  F.  Svanberg  and  H.  Struve  prepared  what  has  been  called 
potassium  dimolybdate  in  an  analogous  way.  M.  Amadori’s  thermal  analysis 
shows  that  potassium  dimolybdate  can  exist.  G.  Canneri  found  that  the  alkali 
molybdates  are  reduced  by  hydrogen  in  accord  with  R2Mo207+H2=Mo02 
R2Mo04-|-H20  ; reduction  by  tin  furnishes  a molybdenum  blue  ; and  electrolytic 
reduction  gives  compounds  analogous  with  the  tungsten  bronzes.  F.  Ephraim  and 
H.  Herschfinkel  obtained  rubidium  dimolybdate,  Rb2M207.2H20,  by  boiling  a soln. 
of  a mol  of  rubidium  carbonate  and  2 mob  of  molybdenum  trioxide,  and  adding 
nitric  acid  of  sp.  gr.  1-20,  drop  by  drop,  to  the  filtered  liquid  until  the  precipitate 
first  formed  dissolves.  The  liquid  furnishes  crystals  which  are  freely  soluble  in 
water.  G.  Wempe  obtained  this  salt,  Rb2Mo207.2|H20,  by  evaporating  the 
trimolybdate  on  a glass  plate  at  30°  to  35° — he  gave  for  it  the  formula 
Rb2MoO4.Rb2Mo3O10.5H2O. 

A.  Pechard  reported  that  silver  dimolybdate,  Ag2Mo207,  is  formed  when  silver 
permolybdate  is  melted.  A.  Junius  obtained  it  by  the  action  of  a hot  soln.  of  silver 
sulphate  on  a hot  soln.  of  potassium  pentamolybdate  ; and  by  the  action  of  sodium 
paramolybdate  on  a soln.  of  silver  nitrate.  The  powder  consists  of  acicular  crystals 
w-hich  are  sparingly  soluble  in  water,  soluble  in  a soln.  of  potassium  cyanide,  and 
are  decomposed  by  potash-lye  with  the  precipitation  of  silver  oxide.  A.  Atterberg 
obtained  beryllium  dimolybdate,  Be0.2Mo03.3H20,  by  fusing  an  eq.  mixture  of 
beryllic  and  molybdenum  trioxide,  extracting  the  mass  with  water,  and  evaporating 
the  soln.  over  sulphuric  acid.  E.  Marckwald  reported  eobaltous  dimolybdate, 
Co0.2Mo03.6|H20,  to  be  formed  by  evaporating  in  the  cold  the  soln.  remaining 
after  the  precipitation  of  cobalt  molybdate  from  a mixed  soln.  of  sodium  di- 
molybdate and  eobaltous  chloride.  The  brown  needles  form  the  dihydrale, 
Co0.2Mo03.2H20,  when  heated  to  100°. 

By  analogy  with  A.  Laurent’s  2 term  paratungstates,  a group  of  polymolybdates 
were  designated  paramolybdates.  Owing  to  the  difficulties  involved  in  the  pre- 
paration of  the  pure  salts,  and  to  the  early  difficulties  attending  the  analysis  of 
these  salts,  the  formula}  assigned  to  them  exhibit  considerable  deviations  in  the 
ratios  R20  : Mo03  : H20 — they  include  L.  F.  Svanberg  and  H.  Struve's  4:9:6 
for  the  potassium  salt ; F.  E.  Zenker’s  4:9:  28,  and  J.  G.  Gentele's  1:2:7  for 
the  sodium  salt ; and  L.  F.  Svanberg  and  H.  Struve’s  and  N.  J.  Berlin's  2:5:3, 
W.  Delffs’  and  J.  0.  G.  de  Marignae’s  1:2:1,  and  R.  J.  Maly’s  1:4:2.  W.  Lotz 
showed  that  the  best  representative  analysis  is  3R20.7Mo03.wH20,  and  this 
formula,  for  example,  very  well  represents  the  analyses  of  the  ammonium  salt 
by  L.  F.  Svanberg  and  H.  Struve,  M.  Delafontaine,  F.  Ullik,  and  A.  Werncke. 
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A.  Junius  observed  that  with  bases  of  higher  mol.  wt.,  e.q.  the  barium  salt,  the 
analyses  agree  better  with  the  formula  5R20.12Mo03.«H20,  and  this  is  in  harmony 
with  the  analysis  of  P.  Klason  and  the  observations  of  ~J.  Sand  and  F.  Eisenlohr 
on  the  H'-ion  concentration  when  soln.  of  ammonium  paramolybdate  are  titrated 
with  alkali  hydroxide.  This  is  in  agreement  with  the  observations  of  A.  Rosenheim 
and  co-workers . Attempts  have  been  made  to  find  what  proportion  of  the  water 
is  constitutional,  and  what  proportion  is  water  of  crystallization,  by  measuring 
the  loss  of  weight  while  the  salt  is  gently  heated  at  a given  temp,  in  a current  of 
carbon  dioxide.  The  isothermal  dehydration  curves  show  breaks  where  there  is 
a change  in  the  properties  of  the  salt.  In  harmony  with  the  heteropoly  salts 
like  the  silicododecatungstates,  R8[Si(W207)6],  the  phosphododecatungstates, 
R7[P(W207)6],  the  phosphododecamolybdates,  R7[P(Mo207)6],  the  metatungstates, 
R6H4[H2(W207)6],  and  the  view  that  the  so-called  tetramolybdates  are 
R6H4[H2(Mo207)6],  and  the  octomolybdates,  R3H7[H2(Mo207)6],  A.  Rosenheim 
represented  the  paramolybdates  by  the  formula  R5H5[H2(Mo207)6].  So  that  the 
tetra-,  octo-,  and  para-molybdates  are  salts  of  the  hypothetical  acid  H10[H2(Mo2O7)6). 
The  dimolybdates  are  considered  to  be  salts  of  the  hypothetical  acid  H10[H2(MoO4)6], 
namely  R6H4[H2(Mo04)6] ; whilst  the  paramolybdates  have  five  of  the  ten  hydrogen 
atoms  replaced  to  form  R5H5[H2(Mo04)6] ; and  the  trimolybdates  have  four  atoms 
of  hydrogen  displaced  to  form  R4H6[H2(Mo04)6].  To  summarize, 


Hexa- 

molybdates 

Dodeca- 

molybdates. 


Dimolybdates,  or  Tetrahydrohexamolybdates 
Paramolybdates,  or  Pentahydrohexamolybdates 
Trimolybdates,  or  Hexahydrohexamolybdates  . 
Tetramolybdates,  or  Tetrahydrododecamolybdates 
Hexamolybdates,  or  Hexahydrododecamolybdates 
Octomolybdates,  or  Heptahydrododecamolybdates 


R„H4[H2(Mq04)6] 

^bH6[H2(Mo04)6] 

It4H#[H2(Mo04)6J 

R,H4[H2(Mo20,)g] 

R4H,[H2(Mo207),] 

R3H,[H2(Mo207),] 


The  two  hydrogen  atoms  in  the  nucleus  can  be  replaced  by  a bivalent  metal — 
copper,  calcium,  magnesium,  manganese,  nickel,  or  cobalt— -to  form  salts  of  the 
hypothetical  acid  : 

H10[M"(MoO4)6].»H1O. 


There  is  also  an  isomorphous  series  of  salts  with  a tervalent  metal — -aluminium, 
chromium,  iron,  cobalt,  or  rhodium — in  the  nucleus : 

R3H6[M"'(Mo04)6].7H20. 

There  is  a salt  with  a quadrivalent  metal  in  the  nucleus — viz.  tin — represented  by 

(NH4)  8[Sn""  (Mo207)  9].20HsO. 

Other  hypotheses  can  be  devised.  H.  Copaux  suggested  that  the  poly- 
molybdates are  derived  from  a hypothetical  orthomolybdic  acid,  H6Mo06,  by 
substituting  the  oxygen  atoms  one  by  one  with  the  eq.  Mo207-radicle.  This 
makes  the  3R20.7Mo03.«H20  formula  for  the  paramolybdates  assume  the  form 
R6[Mo(Mo207)303].  S.  Posternak  obtained  what  he  regarded  as  an  anhydrous 
paramolybdate  which  he  supposed  to  be  (NH40)3Mo0(0.Mo02)50.Mo0(0NH4)3, 
and  he  also  obtained  what  he  regarded  as  (NH40)3Mo0(0.Mo02)50.Mo02(0H), 
and  NH40(0H)2Mo0(0  : Mo02)50.Mo02(0H).H20.  He  also  obtained  ammonium 
salts  of  the  complex  (RO)3MoO(O.Mo02)mO.Mo(OR)3.«H20.  These  condensation 
products  reach  their  limit  with  the  tridecamolybdate.  He  added  that  the  classi- 
fication of  the  molybdates  into  ortho-,  meta-,  and  para-molybdates  is  unsatisfactory  ; 
and  that  there  are  only  two  groups  of  molybdates  (i)  the  R6-polymolybdates  in 
which  the  ortho-  and  para-salts  are  only  particular  cases ; and  (ii),  the  R4-poly- 
molybdates  formed  by  the  hydrolytic  rupture  of  the  Re-salts.  L.  Forsen  regarded 
the  molybdates  as  derivatives  of  the  two  acids : molybdic  acid,  H6Mo2012  ; and 
metamolybdic  acid,  H12Mo2012.  The  former  is  represented  by 


n ^,Mo0(0H)2.0 
0<Mo0(0H)*.0 


;>MoO(OH)2. 
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Anhydrides  like  H4Mo3On,  and  H2Mo3O10,  can  be  formed.  He  regarded  meta- 
molybdic  acid  as  a condensation  product  of  four  molecules  of  molybdic  acid  so 
as  to  form  the  complex  H6[Mo12042H6]  ; and  obtained  it  by  warming  molybdic 
acid  with  hydrochloric  acid  and  a little  nitric  acid. 

A.  Travers  and  L.  Malaprade  considered  that  the  acid  molybdates  are  derivatives 
of  tetramolybdic  and  normal  molybdic  acids  H2[4Mo03.0]  and  H2[Mo04].  The 
trimolybdates  and  paramolybdates  are  derived  from  the  ions  [3Mo03,0]  and 
[7Mo03,30],  respectively.  These  ions  are  considered  to  exist  in  equilibrium  with 
the  normal  and  tetramolybdic  ions.  Ammonium  paramolybdate  appears  to  have 
the  composition  12Mo03.4(NH4)20,  but  is  probably  composed  of  mixed  crystals 
of  tri-  and  para-molybdate  in  equilibrium  with  a mother-liquor  of  the  same 
composition.  The  correct  formula  for  sodium  paramolybdate  is  taken  to  be 
3Na20.7Mo03.22H20,  and  the  ammonium  salt,  5(NH4)20.12Mo03.7H20,  consists 
of  an  isomorphous  mixture  of  true  paramolybdate,  3(NH4)20.7Mo03,  with  the 
trimolvbdate,  3(NH4)20.6Mo03,  and  the  composition  remains  constant  on 
recrystallization  because  the  crystals  are  deposited  from  a mother-liquor  of  the 
same  composition. 

L.  F.  Svanberg  and  H.  Struve  prepared  crystals  of  ammonium  paramolybdate, 
or  ordinary  commercial  ammonium  molybdate,  by  the  evaporation  of  a soln. 
of  molybdic  acid  in  aq.  ammonia.  Analyses  by  L.  F.  Svanberg  and*H.  Struve, 
W.  Delffs,  J.  C.  G.  de  Marignac,  H.  Rose,  C.  F.  Rammelsberg,  W.  Lotz,  J.  Terwelp, 
F.  Westphal,  M.  Delafontaine,  F.  Ullik,  and  A.  Werncke  are  in  accord  with  the 
tetrahydrate,  3(NH4)20.7Mo03.4H20,  although,  for  reasons  indicated  above, 
other  formula;  have  been  given  which  represent  the  analyses  nearly  as  well. 
Actually  J.  J.  Berzelius  called  it  a diacid  salt ; L.  F.  Svanberg  and  H.  Struve 
represented  it  by  2(NH4)20.5Mo03.3H20  ; J.  C.  G.  de  Marignac,  and  W.  Delffs, 
by  (NH4)HMo04  ; and  P.  Klason  regarded  it  as  5NH3.6Mo03.6H20,  a complex 
of  (NH4)3H3Mo3012  and  (NH4)2H4Mo3012.  The  competing  formula  are  5(NH4)20. 
12Mo03.7H20,  favoured  by  A.  Junius,  and  J.  Sand  and  F.  Eisenlohr ; and 
(NH4)5H5[H2(Mo04)e],  favoured  by  A.  Rosenheim  and  co-workers.  According 
to  C.  F.  Rammelsberg,  the  spontaneous  evaporation  of  the  mother-liquor  from  the 
tetrahydrate  yields  the  dodecahydrate,  in  small  monoclinic  crystals  with  the  axial 
ratios  a : b : c= 0-4977  : 1 : 0-7461,  and  /?=106°  35'.  It  is  more  soluble  than  the 
tetrahydrate  ; the  cooling  of  the  aq.  soln.  yields  the  tetrahydrate.  The  colourless 
crystals  of  the  tetrahydrate  obtained  by  L.  F.  Svanberg  and  H.  Struve  were 
six-sided  prisms  ; and  G.  vom  Rath  said  that  the  monoclinic  prisms  have  the 
axial  ratios  a : b : c=0-6297  : 1 : 1-2936,  and  /3=91°  21' ; and  the  (OlO)-cleavage 
is  complete.  H.  Steinmetz  discussed  the  crystals  of  this  salt.  M.  Delafontaine 
said  that  the  crystals  of  the  tetrahydrate  have  a bluish  tinge,  due,  according  to 
N.  J.  Berlin,  to  the  presence  of  a trace  of  blue  molybdenum  oxide.  Observations 
on  the  crystals  were  also  made  by  W.  Haidinger.  J.  C.  G.  de  Marignac,  and 
C.  F.  Rammelsberg.  N.  J.  Berlin  said  that  when  the  salt  is  heated  to  redness, 
it  loses  water,  nitrogen,  and  ammonia,  and  leaves  behind  a brown  oxide  or  else, 
if  air  be  present,  molybdenum  trioxide.  F.  Westphal  said  that  half  the  water  is 
lost  after  the  salt  has  stood  two  months  over  cone,  sulphuric  acid  or  phosphorus 
pentoxide.  P.  Klason  found  that  no  water  is  lost  under  these  conditions.  F.  West- 
phal observed  that  at  90°,  all  the  water  is  given  off ; at  temp,  up  to  150°,  ammonia 
is  gradually  given  off  ; over  1 90°,  the  evolution  of  ammonia  is  accompanied  by  a 
darkening  of  the  mass ; and  at  230°,  molybdenum  trioxide  remains.  N.  J.  Berlin 
thought  that  in  aq.  soln.  the  trimolybdate  is  formed.  If  the  freshly-prepared, 
cold,  sat.  aq.  soln.  is  dialyzed,  dimolybdate  escapes,  and  an  acidic  liquor 
remains  ; if  allowed  to  stand  a long  time,  di-  and  tri-molybdates  are  formed  : 
3{(NH4)20.7Mo03}=(NH4)20.3Mo03-f-2(NH4)2Mo207.  Tf  the  aq.  soln.  is  heated, 
some  ammonia  escapes ; and  if  the  soln.  is  heated  in  a sealed  tube,  it  is 
supposed  the  reaction  is  that  symbolized  by  3{(NH4)20.7Mo03}=(NH4)20.4Mo30 
-f  2(NH4)20.3Mo03.  On  mixing  the  soln.  with  other  'chlorides — e.y.  those  of 
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potassium,  calcium,  strontium,  barium,  or  magnesium— an  isomorphous  mixture 
m{3(NH4)20.7Mo03}.r!{3R20.7Mo03}  is  formed.  J.  N.  Rakshit  studied  the 
contraction  which  occurs  when  the  salt  is  dissolved  in  water.  P.  Klason  observed 
that  a mixture  of  23-22  grms.  of  water  and  3-5846  grms.  of  salt  has  a f.p.  — 0-625°, 
and  one  of  23-91  grms.  of  water  and  4-1041  grms.  of  salt,  a f.p.  of  — 0-565°.  This 
corresponds  with  the  mol.  wt.  452  and  472  respectively.  A soln.  of  18-9  grms.  of 
water  and  4-4281  grms.  of  salt  has  a b.p.  100-35°,  and  a soln.  of  16-9  grms.  of  water 
and  5-4519  grms.  of  salt,  a b.p.  of  100-42°.  The  corresponding  mol.  wts.  are  348  and 
399.  E.  Darmois  and  J.  Perin  found  that  the  mol.  wt.  of  the  salt  is  normal  when 
calculated  from  the  f.p.  of  its  soln.  in  decahydrat'ed  sodium  sulphate.  A.  Rosen- 
heim’s formula  for  the  salt  requires  a mol.  wt.  of  1057.  J.  Terwelp  gave  for  the  eq. 
conductivity,  A mhos,  of  an  eq.  of  the  salt,  J{(NH4)6Mo7024.4H20},  in  v litres  of 
water  at  25°  : 

v . .32  64  128  256  512  1024 

A . . 105-5  119-7  131-5  142-2  154-4  170-9 

The  aq.  soln.  has  an  acidic  reaction.  J.  Sand  and  F.  Eisenlohr  said  that  the  salt 
— represented  by  A.  Junius’  formula  (NH4)10Mo1204 — is  slightly  hydrolyzed  so 
that,  at  25°,  the  H'-ion  cone,  of  a 0-0]J/-soln.  is  1-17  xl0~4  corresponding  with 
a 0-19  per  cent,  hydrolysis : Mo12041x+3H20^2Mo602<>VIU+6H'.  In  the  pro- 
gressive hydrolysis  of  the  salt  the  complex  salt  (NH4)8Mo6022  is  formed 
before  the  simple  molybdate  (NH4)2Mo04.  There  are  also  indications  that  a 
second  polymolybdate  ion  is  formed.  They  said  that  the  original  salt  ionizes 
normally:  (NH4)10Mo12O41^10NH4‘-f  Mo)?041x ; and  on  progressive  neutral- 
ization, there  are  two  possibilities : (i)  there  is  hydrolytic  equilibrium, 

Mo12041x+7H2ChFH2Mo04,/+14H‘,  so  that  the  addition  of  sodium  hydroxide 
will  remove  the  H'-ions  and  in  all  stages  of  the  process  there  will  be  equilibrium 
between  the  Mo12041x,Mo04,/,  and  the  H‘-ions  ; or  (ii)  one  or  more  polymolybdates 
may  be  formed.  The  position  of  the  break  in  the  curve  representing  the  H'-ion 
cone,  arid  the  amount  of  sodium  hydroxide  added  to  the  soln.  corresponds  better 
with  the  assumption  that  the  reaction  is : Mo12041x-|-60H'=4Mo3011IV-f-3HoO. 
S.  Dushman  found  that  the  rate  at  which  iodine  is  liberated  from  a mixture  of 
potassium  iodide  and  iodate  in  acidic  soln.  is  proportional  to  the  cone,  of  the 
iodate  ion,  and  to  the  square  of  the  cone,  of  the  iodine  and  hydrogen  ions,  and 
J.  Sand  and  F.  Eisenlohr  utilized  the  reaction  to  measure  the  H'-ion  cone,  in  the 
liberation  of  iodine  from  mixtures  of  potassium  iodide,  iodate,  and  ammonium 
molybdate.  Constant  values  are  not  obtained  for  K =[Mo6022Vni]2[H']6/[Mo12041x  I 
on  the  assumption  that  Mo301]lv-ions  are  present,  but  constant  values  are  obtained 
on  the  assumption  that  the  ions  are  Mo6022Vln,  and  at  25°,  A=3-80  X 10-31. 
B.  Glasmann  represented  the  end-products  of  the  hydrolysis  : 3(NH4)6Mo7024 
-t-12H20=9(NH4)2Mo04-|-12H2Mo04,  and  the  molybdic  acid  so  produced  reacts 
with  the  mixture  of  potassium  iodide  and  iodate:  20Kl4-4KIO3-|-12H2MoO4 
=12K2Mo04+12l2+12H20.  S.  E.  Moody  represented  the  reaction  : 
3(NH4f6Mo7024.4H20=18NH3-f-21H2Mo04 ; followed  by  21H2Mo04-(-35KI 
-t-7K105=2lk2Mo04-f 21I2-f 21H20.  A.  Junius  observed  that  when  an  aq. 
soln.  of  ammonium  paramolybdate  is  electrolyzed,  ammonium  tetramolybdate 
collects  at  the  anode.  A.  Rosenheim  prepared  the  paramolybdates  of  ethylamine, 
aniline,  pyridine,  and  guanidine,  of  the  type  5(CN3H6)20.12Mo03.4H20.  For 
hydroxylamine  paramolybdates,  vide  supra. 

A.  Rosenheim  prepared  needle-like  crystals  of  lithium  paramolybdate, 
3Li20.7Mo03.12H20,  by  evaporating  a soln.  of  a mol  of  lithium  carbonate  and  2 
mols  of  molybdic  acid,  and  allowing  it  to  crystallize  over  phosphorus  pentoxide. 
In  addition  to  this  dodecahydrale,  F.  Ephraim  and  M.  Brand  reported  that  the 
oelocosihydrale  is  obtained  by  evaporating  in  the  cold  a soln.  of  7 mols  of  lithium 
molybdate  and  8 mols  of  nitric  acid.  The  needle-like  crystals  are  easily  soluble 
in  cold  or  hot  water.  M.  Delafontaine,  F.  E.  Zenker,  and  J.  G.  Gentele  prepared 
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sodium  paramolybdate,  3Na20.7Mo03.22H20,  by  treating  with  nitric  acid  a soln. 
of  molybdic  acid  in  one  of  sodium  hydroxide  or  carbonate  until  the  first  precipitate 
dissolves,  and  the  soln.  has  an  acid  reaction.  The  liquid  deposits  the  salt  in  crystals. 
F.  Ullik,  and  A.  Rosenheim  obtained  it  from  a soln.  of  the  calculated  quantity 
of  molybdic  acid  or  an  acid  molybdate  and  the  calculated  proportion  of  sodium 
carbonate  ; and  F.  Mauro  obtained  it  from  a soln.  of  molybdic  acid  in  one  of  borax 
• — perborate  and  trimolvbdate  are  also  formed.  A.  Junius  obtained  the  paramolyb- 
date by  electrolyzing  a soln.  of  50  to  60  grms.  of  the  normal  salt  in  350  c.c.  of  water, 
in  a compartment  cell,  using  a current  of  4 amps,  and  8 to  10  volts  for  60  to  75 
minutes.  The  anode  liquor  is  allowed  to  crystallize.  A.  Lottermoser  made  a 
cell  with  a soln.  of  sodium  molybdate  in  the  inner  anode  compartment,  0-liV-NaOH 
in  the  outer  cathode  compartment,  a platinum  cylinder  formed  the  anode.  On 
electrolysis,  sodium  paramolybdate  was  found  in  the  interior  cell.  The  salt  was 
analyzed  by  M.  Delafontaine,  F.  Ullik,  J.  G.  Gentele,  and  F.  E.  Zenker,  and  the 
formula  approximates  to  3Na20.7Mo03.22H20,  or  5Na20.12Mo03.36H20,  or, 
according  to  A.  Rosenheim,  Na5H5[H2(Mo04)6].15|H20.  F.  Westphal  regarded 
it  as  an  icosihydrate,  3Na20.7Mo03.20H20.  G.  Wempe  obtained  what  he  regarded 
as  5Na20.12Mo03.wH20,  with  n= 8,  20,  36,  and  44.  The  colourless,  mono- 
clinic prisms  were  found  by  F.  E.  Zenker  to  have  the  axial  ratios  a:b : c 
—2-0923  : 1 : 2-0237,  and  /3=103c  25'.  The  (100) -cleavage  is  incomplete.  Accord- 
ing to  F.  E.  Zenker,  J.  G.  Gentele,  M.  Delafontaine,  and  F.  Ullik,  the  crystals 
are  stable  in  air  only  at  a low  temp.  ; at  room  temp.,  it  effloresces  giving  off 
8 mols.  of  water;  over  sulphuric  acid,  11  mols.,  and  at  100°,  21  mols.  F.  Ullik 
said  that  the  last  mol.  is  expelled  at  120°-130°  ; M.  Delafontaine  said  at  200°. 
H.  Copaux  found  that  one  mol.  remains  at  100°  ; 0-5  mol.  at  150°  ; and  all  is 
expelled  at  200° ; and  A.  Rosenheim,  that  15-5  mols.  are  expelled  at  60°,  and  18 
mols.  at  100°.  The  salt  readily  fuses  in  its  water  of  crystallization.  The  dehydrated 
salt  readily  fuses — L.  Ott  gave  700°  for  the  m.p. — and  it  is  no  longer  completely 
soluble  in  water.  When  the  salt  which  has  been  fused  is  treated  with  water  it 
leaves  needle-like  crystals,  which,  according  to  E.  Groschuff,  are  those  of  the 
dimolybdate.  The  f.p.  curve  of  E.  Groschuff,  Fig.  14,  shows  that  the  fused  para- 
molybdate is  a mixture  of  molybdenum  trioxide  and  sodium  dimolybdate  ; it  is  also 
doubtful  if  the  dehydrated  paramolybdate  is  a chemical  individual.  According  to 
A.  Rosenheim,  100  grms.  of  water  at  30°  dissolve  117-7  grms.  of  salt  calculated  as 
5Na20.12Mo03,  or  100  grms.  of  soln.  contain  56-06  grms.  The  solubility  is  greater 
in  hot  soln.,  and  hydrated  paramolybdate  is  deposited  as  the  soln.  cools,  but  warm 
cone.  soln.  of  the  paramolybdate  when  boiled  deposit  trimolybdate.  The  addition 
of  sodium  carbonate  to  a soln.  of  paramolybdate  forms  the  monomolybdate. 
A.  Rosenheim  gave  for  the  electrical  conductivity,  A mhos,  of  a soln.  of  one-tenth  of 
a mol  of  5Na20.12Mo03.36H20  in  v litres  at  25°, 

v . . 16  32  64  128  256  512  1024 

A . . 89-0  99-8  108-7  116-9  124-8  135-1  146-1 

L.  Ott  said  that  the  molten  salt  dissolves  iron,  and  when  the  cold  mass  is  treated 
with  water,  ferric  oxide  remains  undissolved.  F.  E.  Brown  and  J.  E.  Snyder 
observed  no  action  with  anhydrous  ammonium  molybdate  and  boiling  vanadium 
oxytrichloride. 

L.  F.  Svanberg  and  H.  Struve  obtained  potassium  paramolybdate, 
3K20.7Mo03.4H20,  or  may  be  5K20.12Mo03.7  or  8H20,  by  mixing  a soln.  of 
molybdic  acid  in  potassium  carbonate,  drop  by  drop,  with  hydrochloric  or  nitric 
acid  until  a permanent  turbidity  is  produced ; the  soln.  soon  deposits  crystals  of 
the  salt.  M.  Delafontaine  obtained  the  salt  by  evaporating  to  dryness  a soln. 
of  molybdic  acid  in  an  excess  of  potassium  carbonate,  digesting  the  mass  with 
water,  and  allowing  the  soln.  to  crystallize.  A.  Rosenheim  fused  a mixture  of 
equimolar  parts  of  molybdenum  trioxide  and  potassium  carbonate,  added  nitric 
acid  to  the  aq.  soln.  until  the  liquid  was  neutral  to  litmus,  and  allowed  the  soln. 
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to  crystallize.  A.  Junius  electrolyzed  in  a diaphragm  cell  a soln.  of  45  grms.  of 
potassium  molybdate  in  350  c.c.  of  water  for  half  an  hour  using  a current  of  1 to 
2 amp.  and  8 volts,  and  allowing  the  anode  liquor  to  crystallize.  If  the  electrolysis 
be  continued  too  long,  or  if  the  current  strength  be  too  high,  potassium  trimolybdate 
is  formed.  According  to  J.  C.  G.  de  Marignac,  the  six-sided  prisms  are  mono- 
clinic with  the  axial  ratios  a :b  : c=0-621  : 1 : 0291,  and  ^8=90°  25',  and  they  are 
isomorphous  with  the  corresponding  ammonium  salt.  According  to  L.  F.  Svanberg 
and  H.  Struve,  and  M.  Delafontaine,  the  salt  is  sparingly  soluble  in  cold  water 
and  is  thereby  decomposed  into  the  normal  and  trimolybdate  ; it  loses  .its  combined 
water  when  heated,  and  melts  at  a red-heat  forming  a yellow  glass.  The  salt  is 
stable  only  when  quite  dry,  or  when  confined  under  its  mother-liquor. 

M.  Delafontaine  reported  rubidium  paramolybdate,  3Rb20.7Mo03.4H20 
— of,  according  to  G.  Wempe,  5Rb20.12Mo03.wH20 — to  be  formed  by  melting 
rubidium  carbonate  with  an  excess  of  molybdenum  trioxide,  dissolving  the  cold 
mass  in  hot  water,  and  cooling  the  soln.  F.  Ephraim  and  H.  Herschfinkel  used 
a similar  process.  W.  Muthmann  and  W.  Nagel  obtained  the  paramolybdate 
by  fusing  a mol  of  rubidium  carbonate  with  3 mols  of  molybdenum  trioxide  ; 
dissolving  the  cold  mass  in  water  ; and  crystallizing.  F.  Ephraim  and  H.  Hersch- 
finkel added  that  the  crystals  lose  2 mols.  of  water  at  120°,  and  all  the  water  is 
expelled  at  180°.  The  six-sided  prisms  are  said  to  be  isomorphous  with 
the  ammonium  salt  and  to  be  sparingly  soluble  in  cold,  but  more  soluble  in  hot 
water.  It  can  be  crystallized  unchanged  from  its  aq.  soln.  G.  Wempe  said  that 
100  c.c.  of  the  aq.  soln.  at  24°  contain  L941  grms.  of  the  salt.  M.  Delafontaine 
gave  the  formula  Rb20.3Mo03.2H20,  using  a wrong  value  for  the  at.  wt.  of  rubidium. 
F.  Ephraim  and  H.  Herschfinkel  added  that  the  mother-liquor  furnishes  acicular 
crystals  of  4Rb20.5Mo03.12H20,  or  5Rb20.7Mo03.14H20,  but  the  individuality  of 
the  product  was  not  established.  G.  Wemple  obtained  rubidium  hydropara- 
molybdate,  2Rb20.H20.7Mo03.5H20,  from  a soln.  of  molybdic  acid  saturated 
with  rubidium  carbonate.  A.  Rosenheim  prepared  caesium  paramolybdate, 
3Cs20.7Mo03,rcH20,  or  5Cs20.12Mo03.11H20,  by  evaporating  the  soln.  obtained 
by  boiling  a soln.  of  2 mols  of  molybdic  acid  with  a mol  of  caesium  carbonate. 
F.  Ephraim  and  H.  Herschfinkel  using  analogous  proportions  of  molybdic  acid  and 
caesium  hydroxide  obtained  the  1:5:  5-molybdate,  not  the  paramolybdate. 

F.  Westphal  prepared  white  needles  of  ammonium  calcium  paramolybdate, 
according  to  A.  Rosenheim,  (NH4)3CaH5[H2(Mo03)6].9H20,  by  the  action  of 
ammonium  paramolybdate  on  a soln.  of  calcium  chloride.  F.  Westphal  obtained 
a substance  of  the  composition  2Sr0.3Mo03,  but  it  was  probably  a mixture  of 
strontium  paramolybdate  (3  : 7)  and  monomolybdate  1 : 5.  It  was  obtained  as 
a white  amorphous  mass  by  mixing  soln.  of  sodium  dimolybdate  and  strontium 
chloride.  L.  F.  Svanberg  and  H.  Struve  prepared  barium  paramolybdate, 
3Ba0.7Mo03.9H20,  or  5Ba0.12Mo03.rcH20,  by  double  decomposition  between 
barium  chloride  and  an  alkali  or  ammonium  paramolybdate.  F.  Westphal  said 
that  the  air-dried  precipitate  is  the  decosihydrate.  A.  Junius,  working  with  cold 
soln.,  said  that  the  precipitate  is  the  dodecahydrate,  3Ba0.7Mo03.12H20,  or 
5BaO.12MoO3.20H2O,  and  when  boiled  it  forms  the  hexahydrale,  3Ba0.7Mo03.6IJ20, 
or  5BaO.12MoO3.10H2O.  F.  Westphal  obtained  ammonium  barium  paramolyb- 
date, 3(NH4)20.3Ba0.14Mo03.12H20,  by  crystallization  from  a clear  soln.  of  a 
mol  of  barium  chloride  and  10  mols  of  ammonium  paramolybdate. 

F.  Ullik  prepared  magnesium  paramolybdate,  3MgO.7MoO3.20H2O,  by 
spontaneously  evaporating  a soln.  of  the  normal  molybdate  in  nitric  acid.  The 
plates  and  prisms  are  stable  in  air  ; they  lose’water  at  a red-heat ; and  are  soluble 
in  cold  water  and  still  more  soluble  in  hot  water.  E.  Manassewitsch  could  not 
prepare  zinc  paramolybdate  ; by  treating  a zinc  salt  soln.  with  sodium  para- 
molybdate, a mixed  precipitate  was  obtained,  and  with  ammonium  paramolybdate, 
ammonium  zinc  paramolybdate,  2(NH4)20.Zn0.7Mo03.15H20,  was  obtained  as 
a white,  insoluble  precipitate.  A.  Junius  could  not  prepare  cadmium  paramolyb- 
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date  by  double  decomposition  ; but  E.  Mannassewitsch  obtained  ammonium 
cadmium  paramolybdate,  2(NH4)20.Cd0.12Mo03.9H20. 

A.  Junius  prepared  thallous  paramolybdate,  3Tl20.7Mo03,  or  5Tl20.12Mo03, 
as  a yellow,  microcrystalline  precipitate,  by  adding  to  an  excess  of  a hot  soln. 
of  thallous  sulphate  a hot  soln.  of  sodium  paramolybdate.  The  salt  is  sparingly 
soluble  in  water  ; but  freely  soluble  in  a soln.  of  alkali  hydroxide  or  carbonate, 
or  in  mineral  acids.  The  salt  melts  to  a deep  brown  liquid  at  dull  redness. 
H.  Flemming  reported  two  acid  salts  to  be  formed  by  double  decomposition. 
The  one,  8T120.11Mo03,  is  supposed  to  be  a mixture  of  the  normal  and  the  para- 
molybdate ; and  the  other,  3T120.8Mo03,  nearly  all  paramolybdate.  A.  Cleve 
prepared  crystals  of  ytterbium  paramolybdate,  Yb203.7Mo03.6H20,  by  adding 
a soln.  of  ytterbium  nitrate  to  a soln.  of  ammonium  paramolybdate,  and 
allowing  the  soln.  to  stand  for  some  time,  and  drying  the  colourless  crystals 
at  130°. 

G.  A.  Barbieri  prepared  a series  of  rare-earth  molybdates  of  the  general  formula 
(NH4)6R2'"Mo14048.24H20,  or  (NH4)3R'"Mo7024.12H20.  The  salts  can  be 
regarded  as  complex  paramolybdates.  They  all  furnish  triclinic  crystals  and  are 
isomorphous.  The  crystallographic  data  are  by-E.  Billows.  The  red,  triclinic 
prisms  of  ammonium  cerous  molybdate,  (NH4)6Ce2Mo14048.24H90,  have  the  axial 
ratios  a : b : c=0-3533  : 1 : 0-3409,  and  a=102°  22'  ; £=54°  30' :,  and  y=103°  4', 
are  soluble  in  water ; the  white  crystals  of  ammonium  lanthanous  molybdate, 
(NH4)6La2Mo14048.24H20,  have  a yellow  tinge,  and  the  axial  ratios  a :b : c 
=0-3502  : 1 : 0-3416,  and  a=102°  29',  £=54°  18',  and  y=103°  10'.  These  two 
compounds  readily  form  isomorphous  mixtures.  G.  A.  Barbieri,  and  E.  Billows 
also  described  ammonium  neodymium  molybdate,  (NH4)6Nd2Mo14048.24H20,  with 
the  axial  ratios  a : b : c=0-3492  : 1 : 0-3385,  and  a=102°  15',  j8=54°  8',  andy=103° 
39' ; ammonium  praseodymium  molybdate,  (NH4)6Pr2Mo14048.24H«,0,  with 
0-3514  : 1 : 0-3461,  and  a=102°  11',  0=54°  15',  and  y=103°  44'  30"  ; and  am- 
monium samarium  molybdate,  (NH4)6Sa9Mo14048.24H20,  with  0-3611 : 1 : 0-3330, 
and  a=54°  45',  £=54°  45',  andy=102°  36'  30". 

A.  Lancien  found  that  when  uranium  nitrate  is  added  to  an  excess  of  ammonium 
paramolybdate,  and  the  resulting  precipitate  is  boiled  with  molybdic  acid,  uranyl 
paramolybdate,  3(U02).7Mo03,  is  obtained  as  an  amorphous,  yellow  powder. 
It  is  soluble  in  all  mineral  acids,  giving  a greenish-yellow,  fluorescent  liquid  ; it 
is  decomposed  by  excess  of  water,  and  reduced  to  green  uranium  molybdate, 
U(Mo04)2,  by  alcohol  and  by  acetic  acid.  The  effect  of  sunlight  on  the  heptamolyb- 
date  is  to  darken  its  colour,  and  to  render  it  no  longer  reducible  by  alcohol 
or  completely  soluble  in  nitric  acid,  owing  to  the  formation  of  insoluble 
anhydrous  uranium  octomolybdate,  8Mo03,U03  and  the  hydrated  compound, 
8Mo03,U03,13H20,.was  also  prepared. 

For  manganese  paramolybdates,  vide  supra,  the  molybdates.  E.  Marckwald 
could  not  prepare  cobaltous  paramolybdate,  but  A.  Carnot  obtained  what  appeared 
to  be  cobaltic  pentamminoparamolybdate,  Co203.7Mo03.5NH3.3H20,  by  oxidizing 
an  ammoniacal  soln.  of  a cobaltous  salt  with  hydrogen  dioxide,  adding  ammonium 
paramolybdate,  and  then  acidifying  the  liquor  with  acetic  acid  to  precipitate  the 
salt.  This  compound  loses  ammonia  and  water  when  heated.  The  reaction  can 
be  used  as  a test  for  cobalt  salts.  E.  Marckwald  obtained  ammonium  cobaltous 
paramolybdate,  3(NH4)20.3Co0.7Mo03,nH20,  or  5(NH4)20.5CSfc0.24Mo03.nH20, 
from  soln.  of  cobaltous  chloride  and  ammonium  paramolybdate  evaporated  over 
sulphuric  acid.  Dark  red  prisms  are  obtained.  He  also  reported  a hydrated 
series  of,  probablv,  mixtures  of  ammonium  paramolybdate,  and  cobaltous  para- 
molybdate (3(NH4)20.7Mo03) : (3Co0.7Mo03)=5  : 7 ; 2:3;  3:5;  and  1:5. 

Sodium  cobaltous  paramolybdate,  Na2O.CoO-7MoO3.20H2O,  was  obtained  by 
E.  Marckwald  from  a mixture  of  eq.  proportions  of  soln.  of  sodium  dimolybdate 
and  cobaltous  chloride,  and  after  filtering  off  the  precipitated  normal  cobaltous 
molybdate,  concentrating  by  heat.  The  dark  red  crystals  are  slowly  soluble  in 
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cold  water,  and  without  decomposition ; and  dissolve  without  decomposition 
in  hot  water,  but  the  hot  soln.  soon  decomposes.  E.  Marckwald  concentrated  a 
soln.  of  a mol  of  sodium  paramolybdate  and  cobaltous  chloride  in  the  cold  over 
cone,  sulphuric  acid  and  obtained  dark  red,  prismatic  needles  of  the  composition 
3Na20.3Co0.14Mo03.50H20.  The  soln.  in  cold  water  is  clear  and  does  not  become 
turbid  when  heated. 

According  to  an  observation  of  N.  J.  Berlin,3  ammonium  trimolybdate, 
(NH4)20.3Mo03.wH20,  is  formed  during  the  spontaneous  evaporation  of  a soln. 
of  ammonium  paramolybdate.  F.  Westphal,  and  L.  Kammerer  obtained  it  by 
keeping  a cone.  soln.  of  that  salt  for  a long  time  at  ordinary  temp.  ; and  P.  Klason, 
and  G.  Wempe,  by  treating  a soln.  of  the  paramolybdate  with  the  calculated 
quantity  of  hydrochloric  acid.  N.  J.  Berlin  considered  the  product-  to  be  a tri- 
hydrate  ; and  L.  Kammerer,  a monohydrate.  The  radiating  masses  of  acicular 
crystals,  or  crystalline  crusts,  according  to  P.  Klason,  lose  half  their  water  when 
confined  over  phosphorus  pentoxide.  The  salt  dissolves  sparingly  in  cold  water, 
and  freely  in  hot  water,  and  it  crystallizes  slowly  from  the  aq.  soln.  yielding  an 
impure  product. 

M.  Delafontaine  reported  lithium  trimolybdate,  Li20.3Mo03.8H20,  to  be 
formed  by  boiling  a soln.  of  the  acid  molybdate  with  lithium  carbonate.  The 
octohydrate  furnishes  tetrahedral  crystals — monoclinic  or  triclinic.  The  salt  is 
not  decomposed  by  fused  sodium  carbonate.  F.  Ephraim  and  M.  Brand  obtained 
the  heptahydrate  by  evaporating  a sat.  soln.  of  the  tetramolybdate  ; the  molybdic 
acid  which  first  separates  is  filtered  off,  and  on  evaporation  the  liquid  furnishes 
acicular  crystals  which  lose  4 mols.  of  water  at  100°,  and  6 mols.  at  145°.  The  salt 
is  sparingly  soluble  in  cold  water  but  more  soluble  in  hot  water.  G.  Wempe 
obtained  the  monohydrate  by  evaporating  a soln.  of  4 mols  of  lithium  molybdate 
and  6 mols  of  hydrochloric  acid.  He  also  reported  a tetrahydrate,  and  one  with 
rather  more  water.  F.  Hoermann  found  that  lithium  trimolybdate  has  an  incon- 
gruent  m.p.  at  549° — Fig.  13. 

L.  F.  Svanberg  and  H.  Struve  obtained  sodium  trimolybdate,  Na20.3Mo03.7H20, 
by  treating  a cone.  soln.  of  molybdic  acid  and  sodium  carbonate  with  cone,  nitric 
acid,  drop  by  drop,  and  the  strongly  acid  soln.  gradually  deposited  acicular  crystals 
of  the  heptahydrate  when  allowed  to  evaporate  spontaneously.  F.  Ullik  obtained 
the  same  salt  by  spontaneously  evaporating  a soln.  of  a mol  of  sodium  carbonate, 
and  3 mols  of  molybdenum  trioxide — H.  Struve  used  sodium  hydroxide  instead 
of  the  carbonate.  A.  Rosenheim  said  that  a soln.  of  the  paramolybdate  furnishes 
the  trimolybdate  when  heated  a long  time  ; and  A.  Junius  found  that  if  the  electro- 
lysis, in  the  preparation  of  the  paramolybdate,  is  continued  a long  time, 
the  trimolybdate  is  formed.  F.  Ullik  found  that  the  salt  melts  at  a red-heat,  and 
solidifies  to  a crystalline  mass.  F.  Hoermann,  Fig.  14,  found  that  the  salt  has 
an  incongruent  m.p.  at  528°.  E.  Groschuff  observed  no  sign  of  the  formation  of 
a trimolybdate  on  the  f.p.  curve,  Fig.  14.  This  is  in  harmony  with  L.  F.  Svanberg 
and  H.  Struve’s,  and  F.  Ullik’s  observations  that  the  salt  is  reduced  to  brown 
dioxide  by  hydrogen,  or  by  zinc.  F.  Ullik  observed  that  the  acicular  crystals 
of  the  heptahydrate  lose  about  6 mols.  of  water  at  100°,  or  at  120°.  F.  Ullik  found 
that  100  grms.  of  a soln.  sat.  at  20°  contain  2-96  grms.  of  the  anhydrous  salt,  and 
at  100°,  45-86  grms.  A.  Rosenheim  found  that  at  30°,  100  grms.  of  a sat.  soln. 
contain  13-68  grms.  of  Na2Mo308.  According  to  F.  Ullik,  a hot  cone.  soln.  of 
the  heptahydrate  on  a glass  plate  in  dry  air  at  room  temp,  forms  amorphous  tetra- 
hydrate. It  is  easily  and  completely  soluble  in  water.  A.  Junius  reported  the 
henahydrate  to  be  precipitated  when  the  anode  liquor  indicated  above  is  treated 
with  alcohol ; he  also  obtained  the  enneahydrate  in  a similar  way;  and  G.  Wempe 
obtained  the  enneahydrate  from  the  mother-liquor  in  the  preparation  of  the 
tetramolybdate,  and  he  also  obtained  hemidodecatrihydrate  as  a crystalline  crust 
when  preparing  the  tetramolybdate.  G.  Wempe  gave  for  the  cq.  conductivity, 
A,  of  an  eq.  of  the  salt  in  v litres  of  water  at  20°, 
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10 

20 

40 

80 

160 

tetrahydrate 

64-7 

72-5 

80-0 

80-0 

96-6 

hemidodecahydrate  . 

63-7 

75-2 

85-6 

95-2 

105-9 

enneahydrate  . 

76-0 

90-0 

104-0 

112-0 

131-2 

L.  F.  Svanberg  and  H.  Struve,  and  G.  Wempe  prepared  potassium  trimolybdate, 
K20.3Mo03.3H20,  by  stirring  the  paramolybdate  for  some  days  with  cold  water, 
and  by  treating  a soln.  of  molybdic  acid  and  potassium  carbonate  with  nitric  acid 
— H.  Struve  used  potassium  hydroxide.  F.  Ullik  melted  2 mols  of  potassium 
carbonate  with  a mol  of  molybdenum  trioxide  ; boiled  the  cold  cake  with  water, 
and  allowed  the  soln.  to  crystallize.  As  in  the  case  of  the  sodium  salt,  A.  Junius 
obtained  it  by  the  prolonged  electrolysis  of  a soln.  of  potassium  molybdate  ; and 
precipitating  the  anode  liquid  with  alcohol.  M.  Amadori’s  thermal  analysis 
shows  that  the  trimolybdate  can  exist.  G.  Jander  and  A.  Winkel  found  the  salt 
to  be  stable  in  the  range  [H‘]=10-6-2  to  10-4'6,  and  gave  0-35  for  the  diffusion  coeff. 
of  the  anion.  G.  Jander  described  the  conditions  of  stability  of  the  acid.  F.  Hoer- 
mann,  Fig.  14,  found  that  the  salt  melts  at  571°.  L.  F.  Svanberg  and  H.  Struve, 
M.  Delafontaine,  F.  Ullik,  and  G.  Wempe  found  that  the  acicular  crystals  are  stable 
in  air  ; they  lose  water  completely  at  100°  ; they  melt  at  a red-heat,  and  form  a 
crystalline  mass  on  cooling  ; when  heated  in  hydrogen,  molybdenum  dioxide  is 
formed  ; the  dehydrated  salt  expels  16-82  per  cent,  of  carbon  dioxide  from  molten 
alkali  carbonate  ; the  salt  is  sparingly  soluble  in  cold  water,  and  more  easily  soluble 
in  hot  water — but  less  so  than  is  the  case  with  the  sodium  salt.  G.  Wempe  gave 
for  the  conductivity,  A,  of  an  eq.  of  the  salt  in  v litres  of  water  at  20°  : 

v . . 20  40  80  160  320 

A , . 91-8  104-4  124-0  136-6  153-6 

W.  Muthmann  and  W.  Nagel  melted  a mol  of  rubidium  carbonate  with  3 mols 
of  molybdenum  trioxide,  dissolved  the  white  crystalline  mass  in  water,  and 
evaporated  the  soln.  over  sulphuric  acid.  White  needles  of  the  monohydrate  of 
rubidium  trimolybdate,  Rb20.3Mo03.H20,  were  formed.  According  to  F.  Ephraim 
and  H.  Herschfinkel,  an  aq.  soln.  of  rubidium  paramolybdate  furnishes  on 
evaporation  a crop  of  crystals  of  3 : 8 : 6-molybdate  followed  by  the  hemitridecahydrale 
of  the  trimolybdate.  G.  Wempe  obtained  the  trihydrate  by  evaporating  the  aq.  soln. 
on  a glass  plate  ; and  if  the  soln.  be  evaporated  on  a glass  plate  at  30°  to  35°, 
the  dimolybdate  is  formed.  W.  Muthmann  and  W.  Nagel  could  not  prepare 
caesium  trimolybdate,  Cs20.3Mo03.H20,  by  the  process  used  for  the  rubidium 
salt,  but  F.  Ephraim  and  H.  Herschfinkel  obtained  it  as  a white,  amorphous  mass, 
by  evaporating  the  mother-liquor  of  the  most  acid  csesium  salt.  It  is  possible 
that  what  is  here  called  the  trimolybdate  may  be  the  3 : 10  : 3-molybdate. 

F.  Ullik  obtained  copper  trimolybdate,  Cu0.3Mo03.9H20,  from  a boiling  soln. 
of  a mol.  of  copper  carbonate  and  4 mols  of  molybdic  acid,  and  allowing  the  filtrate 
to  evaporate  spontaneously.  The  pale  blue  masses  of  needles  are  sparingly  soluble 
in  cold  water  and  freely  soluble  in  hot  water.  If  an  aq.  soln.  be  evaporated  on  a 
glass  plate,  a greenish-blue  gummy  mass,  Cu0.3Mo03.6iH20,  is  formed.  F.  Ullik 
reported  calcium  trimolybdate,  Ca0.3Mo03.6H20,  to  be  formed  by  boiling  an 
excess  of  molybdic  acid  with  water  having  calcium  carbonate  in  suspension,  and 
spontaneously  evaporating  the  clear  liquid.  The  interlaced  needles  are  sparingly 
soluble  in  cold  water,  and  easily  soluble  in  hot  water.  G.  Wempe  reported  what 
he  regarded  as  hemihydrated  normal  strontium  molybdate,  but  his  analytical 
data  agree  better  with  strontium  trimolybdate,  Sr0.3Mo03.  JH20.  It  was  obtained 
by  evaporating  a soln.  of  the  octomolybdate  to  dryness,  and  washing  the  product 
with  cold  water.  The  white  amorphous  mass  is  sparingly  soluble  in  cold  water, 
but  easily  soluble  in  hot  water.  L.'  F.  Svanberg  and  H.  Struve  prepared  barium 
trimolybdate,  Ba0.3Mo03.3H20,  as  a flocculent  precipitate  by  adding  barium 
chloride  to  a soln.  of  potassium  trimolybdate.  The  more  soluble  sodium  salt 
can  be  used.  The  salt  loses  its  water  when  heated  ; it  melts  at  a red-heat.  The 
hydrate  is  slightly  soluble  in  water. 
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F.  Ullik  obtained  magnesiujn  trimolybdate,  MgO.3MoO3.10H2O,  by 
spontaneously  evaporating  a soln.  of  the  normal  molybdate  in  an  excess  of  acetic 
acid.  The  acicular  crystals  are  sparingly  soluble  in  cold  water,'  but  freely  soluble 
in  hot  water.  F.  Ullik  obtained  a mass  of  acicular  crystals  of  zinc  trimolybdate, 
Zn0.3Mo03.10H20,  by  spontaneously  evaporating  the  filtrate  from  a soln.  obtained 
by  boiling  a mol  of  zinc  carbonate  with  4 mols  of  molybdenum  trioxide.  The 
salt  is  sparingly  soluble  in  cold  water,  and  freely  soluble  in  hot  water. 
E.  Manassewitsch  obtained  the  trimolybdate  by  double  decomposition  of  hot  or 
cold  soln.  of  sodium  tetramolybdate  and  a zinc  salt.  At  120°,  the  salt  loses  4 mols. 
of  water,  and  the  rest  at  140°. 

F.  Ullik  prepared  cobaltous  trimolybdate,  CoO.3MoO3.10H2O,  by  boiling  a 
soln.  of  an  excess  of  molybdic  acid  with  cobalt  carbonate  and  spontaneously 
evaporating  the  filtered  liquid.  The  rose-coloured  needles  are  sparingly  soluble 
in  cold  water,  and  freely  soluble  in  hot  water.  E.  Marckwald  obtained  sodium 
cobaltous  trimolybdate,  Na20.2Co0.6Mo03.18H20,  by  evaporating  the  mother- 
liquor  obtained  in  the  preparation  of  the  3 : 3 : 14  : 50-paramolybdate,  over 
sulphuric  acid.  This  salt  may  be  a mixture  Na20.2Mo03+2(Co0.2Mo03). 

E.  Marckwald  prepared  nickelous  trimolybdate,  Ni0.3Mo03.18H20,  by 
evaporating  a soln.  of  eq.  proportions  of  nickelous  chloride  and  sodium  para- 
molybdate.  The  green  crystals  are  sparingly  soluble  in  cold  water,  and  easily 
soluble  in  hot  water. 
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§ 13.  The  Tetra-,  .Penta-,  Hexa-  and  Hepta-Molybdates 

According  to  A.  Rosenheim  and  J.  Felix,1  the  salt  represented  by  N.  J.  Berlin 
as  ammonium  tetramolybdate,  (NH4)20.4Mo03.2H20j  is  probably  the  trimolybdate. 
There  is  also  some  uncertainty  about  the  tetramolybdate  reported  by  F.  Westphal, 
A.  Rosenheim,  and  D.  Asch  to  be  formed  by  heating  the  paramolybdate  for  some 
days  at  140°  to  150°  ; and  that  obtained  by  F.  Westphal  by  boiling  a soln.  of 
paramolybdate,  or  by  heating  the  paramolybdate  in  a sealed  tube  at  150°  to 
200°.  This  product  was  anhydrous,  and  water  is  an  essential  constituent  of  the 
tetramolybdate  which  A.  Rosenhgim  and  J.  Felix  represent  by  the  formula 
(NH4)6H4[H2(Mo207)6].3H20.  P.  Klason  gave  3NH3.6Mo03.5H20  for  the  formula 
of  the  salt,  but  his  analysis  agrees  better  with  (NH4)2Mo4013.2£H20.  P.  Klason 
prepared  this  salt  by  treating  a cold  soln.  of  ammonium  paramolybdate  with  the 
calculated  quantity  of  hydrochloric  acid,  crystallization  begins  in  about  12  hrs. 
G.  Wempe,  and  F.  Westphal  used  a similar  process  with  warm  soln.  ; and  A.  Junius 
electrolyzed  a soln.  of  60  grms.  of  ammonium  paramolybdate  in  350  c.c.  of  water, 
by  a current  of  4 amp.  for  40  min.  in  a compartment  cell.  In  all  these  cases,  the 
soln.  furnish  crystals  of  (NH4)2Mo4013.2|H20.  A.  Travers  and  L.  Malaprade 
showed  that  the  tetramolybdates  are  obtained  by  neutralizing  the  acid  under  con- 
ditions which  limit  the  reversal  of  the  reaction  by  hydrolysis — vide  supra,  molybdic 
acid.  G.  Wempe  supposed  that  the  crystals  are  triclinic  ; and  100  grms.  of  a sat. 
soln.,  at  15°,  18°,  and  32°,  contained,  respectively,  3-5200,  3-6711,  and  4-5961  grms.  of 
the  hydrated  salt ; and  had  the  sp.  gr.  1-03, 1-04,  and  1-05,  respectively.  P.  Klason 
said  that  the  soln.  in  water  over  35°  is  partially  decomposed  into  trimolybdate. 
G.  Wempe  gave  for  the  conductivity,  A,  of  an  eq.  of  the  salt  in  10,  20,  and  40  litres 
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of  water  respectively,  A=73-2,  98-8,  and  120-4.  The  aq.  soln.  reddens  methyl-orange, 
and  litmus ; acids  give  no  precipitate  ; barium  chloride,  a white  precipitate ; 
magnesia  mixture,  a white  precipitate  ; stannous  chloride,  a green  precipitate  ; 
ferrous  sulphate,  a bluish-white  precipitate  ; potassium  ferrocyanide,  a reddish- 
brown  coloration  ; and  silver  nitrate,  a white,  curdy  precipitate.  G.  Canneri 
obtained  a series  of  complex  salts  typified  by  ammonium  tetrahydroxylamino- 
tetramolybdate,  (NH4)20.4NH2OH.4Mo03 ; sodium  tetrahydroxylaminotetra- 
molybdate,  Na20.4NH20H.4Mo03 ; potassium  tetrahydroxylaminotetra- 
molybdate,  K20.4NH20H.4Mo03 ; and  methylamine  tetrahydroxylaminotetra- 
molybdate,  (CH6N3)20.4NH2OH.4Mo03 — vide  supra. 

F.  Ephraim  and  M.  Brand  obtained  amorphous  lithium  tetramolybdate, 
Li2Mo4013.7H20,  by  F.  Ullik’s  method  for  the  sodium  salt ; but  G.  Wempe 
could  not  prepare  this  salt.  F.  Hoermann,  Fig.  13,  found  that  the  salt 
has  an  incongruent  m.p.  at  568°.  F.  Ullik  prepared  sodium  tetramolybdate, 
Na20.4Mo03.52H20,  by  putting  drops  of  a hot,  cone.  soln.  of  the  trimolybdate  on 
a glass  plate,  and  allowing  it  to  evaporate  spontaneously.  The  hemihenahydrate 
appears  as  a transparent  gum-like  mass  which  can  be  kept  unchanged  in  a closed 
vessel ; but  in  air,  it  becomes  opaque  and  passes  into  the  trimolybdate.  It  retains 
2 mols.  of  water  at  100°,  and  melts  to  a yellow  liquid  at  a red-heat ; the  liquid  forms 
a crystalline  mass  when  cold.  At  a higher  temp,  molybdenum  trioxide  volatilizes. 
The  salt  is  freely  soluble  in  cold  water,  and  when  the  aq.  soln.  is  spontaneously 
evaporated,  it  deposits  the  trimolybdate.  It  is  open  to  question  whether  this 
product  is  really  a chemical  individual.  F.  Hoermann  found  that  the  salt  has  an 
incongruent  m.p.  at  515° — Fig.  14.  S.  J.  Diatschkovsky  and  A.  V.  Dumansky 
obtained  a complex  Na20(Mo03)4  and  found  its  conductivity  and  f.p.  depressions 
corresponded  with  those  obtained  by  the  gradual  addition  of  hydrochloric  acid 
to  soln.  of  sodium  molybdate — vide  supra,  colloidal  molybdic  acid.  F.  Ullik, 
however,  obtained  a crystalline  hexahydrate  which  A.  Rosenheim  and  J.  Felix 
represented  by  Na2Mo40J3.6H20,  or  Na6H4[H2(Mo207)6.].21H20.  F.  Ullik,  and 
G.  Wempe  obtained  it  by  treating  a cone.  soln.  of  normal  sodium  molybdate  with 
the  theoretical  quantity  of  hydrochloric  acid  ; the  precipitate  first  formed  redis- 
solves, and  the  liquid  soon  begins  to  deposit  crystals  of  the  tetramolybdate. 

F.  Ullik  obtained  this  salt  by  adding  one  or  two  mols  of  sodium  carbonate  to  a 
mol  of  the  octomolybdate- — A.  Rosenheim  and  J.  Felix  used  2 mols  of  sodium 
hydroxide.  G.  Wempe  obtained  the  salt  by  double  decomposition  with  sodium 
sulphate  and  ammonium  tetramolybdate.  A.  Rosenheim  and  J.  Felix  said  that 
the  salt  is  an  octomolybdate.  F.  Ullik  found  that  the  hexahydrate  consists  of 
microscopic  crystals,  which  dissolve  slowly  in  cold  water  and  quickly  in  hot  water 
forming  a pale  yellow  soln.  G.  Wempe  said  that  the  salt  consists  of  masses  of 
needle-like  crystals,  and  that,  when  saturated,  100  c.c.  of  soln.  at  21°  contain  28-39 
grins,  of  the  hexahydrate,  of  sp.  gr.  1-47.  A.  Rosenheim  and  J.  Felix  gave  for  the 
conductivity,  A,  of  an  eq.  of  Na2Mo4013.aq.  in  v litres  of  water  at  25°, 

v . . 32  64  128  256  512  1024 

A . . 98-8  108-3  120-3  130-4  145-0  162-8  mhos. 

L.  F.  Svanberg  and  H.  Struve  obtained  potassium  tetramolybdate,  K20. 
4Mo03.mH20,  from  the  liquid  obtained  by  adding  nitric  acid  to  a soln.  of  molybdic 
acid  in  potassium  carbonate.  A.  Rosenheim  showed  that  it  is  a heptahydrate, 
K20.4Mo03.7H20,  or,  as  he  represented  it,  K6H4[H2(Mo207)e].18H2U  ; and  he 
found  that  a cold  soln.  of  a mol  of  potassium  carbonate  and  4 mols  of  molybdic 
acid  passes  quickly  into  one  of  the  trimolybdate,  particularly  when  warm  ; and 

G.  Wempe  always  obtained  trimolybdate  from  a soln.  of  molybdic  acid  and  sodium 
carbonate  treated  with  the  quantity  of  hydrochloric  acid  theoretically  required  to 
form  the  tetramolybdate.  M.  Amadori’s  thermal  analysis  shows  that  the  tetra- 
molybdate can  exist.  A.  Rosenheim  and  J.  Felix  obtained  crystals  of  the  salt 
by  warming  for  a few  minutes  a soln.  of  sodium  octomolybdate  and  potassium 
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chloride.  The  microcrystalline  powder  of  the  heptahydrate  retains  a mol.  of  water 
at  100°.  It  is  sparingly  soluble  in  cold  water,  and  is  decomposed  by  boiling  water 
with  the  separation  of  trimolybdate. 

G.  Wempe  prepared  rubidium  tetramolybdate,  Rb20.4Mo03.4H20,  by  filter- 
ing a hot  soln.  of  rubidium  carbonate  and  an  excess  of  molybdic  acid,  and  rapidly 
evaporating  the  liquid.  The  letrahydrate  is  an  amorphous,  white  powder  which 
is  readily  soluble  in  cold  water.  G.  Wempe  also  obtained  crystals  of  the 
anhydrous  salt  by  evaporating  on  the  water-bath  a soln.  of  rubidium  paramolybdate 
treated  with  the  calculated  amount  of  hydrochloric  acid.  If  the  crystalline  scales 
are  really  anhydrous,  the  formula  does  not  fit  A.  Rosenheim’s  theory  of  the  con- 
stitution of  these  salts.  F.  Ephraim  and  H.  Herschfinkel,  however,  found  that  the 
salt  is  a hemihydrate,  Rb2Mo4013.|H20,  if  obtained  from  boiling  soln. ; and  the 
mother-liquor  deposits  crystals  of  the  paramolybdate,  but  if  it  be  treated  with 
nitric  acid  of  sp.  gr.  1-20,  added  drop  by  drop,  the  hemipentahydrate  is  formed. 
W.  Muthmann  and  W.  Nagel  obtained  caesium  tetramolybdate,  Cs20.4Mo04,  by 
melting  a mol  of  caesium  carbonate  with  3 mols  of  molybdenum  trioxide,  and 
boiling  the  cold  mass  repeatedly  with  water  ; evaporation  over  sulphuric  acid 
of  the  hot  extract  furnishes  quadratic  plates  of  the  dihydrate,  Cs20.4Mo03.2H20. 
G.  Wempe  obtained  a trihydrate,  Cs20.4Mo03.3H20,  by  evaporating  rapidly  on  a 
glass  plate  drops  of  a hot  filtered  soln.  of  caesium  carbonate  and  an  excess  of  molybdic 
acid. 

G.  Wempe  prepared  silver  tetramolybdate,  Ag20.4Mo03.6H20,  by  treating  a 
hot  soln.  of  ammonium  tetramolybdate  with  an  excess  of  a hot  soln.  of  silver  sul- 
phate. The  white,  flocculent  precipitate  is  coloured  green  when  heated,  and  it 
melts  to  a liquid  which,  on  cooling,  forms  a yellow  crystalline  mass.  It  is  decom- 
posed by  hot  water,  with  the  separation  of  molybdenum  trioxide. 

F.  Ullik  prepared  calcium  tetramolybdate,  CaMo4013.9H20,  by  the  action  of 
molybdic  acid  on  calcium  carbonate  suspended  in  water.  The  crystalline  salt 
has  not  been  obtained,  otherwise  the  calcium  and  sodium  salts  have  analogous 
properties.  F.  Ullik  obtained  barium  tetramolybdate,  BaMo4013.5H20,  by  the 
action  of  hot  water  on  the  octohydrate  ; and  A.  Rosenheim  and  J.  Felix,  by  the 
action  of  barium  chloride  on  a soln.  of  sodium  octomolybdate,  and  warming  the 
clear  soln.  The  microcrystalline  precipitate  loses  four-fifths  of  its  water  at  120° 
in  agreement  with  the  formula  Ba3H4[H2(Mo207)6].12H20.  G.  Wempe  obtained 
BaMo4013.3-5H20,  as  an  amorphous  precipitate  by  the  action  of  barium  chloride 
on  a soln.  of  sodium  tetramolybdate.  A.  Travers  and  L.  Malaprade  obtained 
Ba0.4Mo03.9H20,  from  soln.  of  barium  metatungstate  and  tetramolybdic  acid 
at  70°.  G.  Wempe  could  not  prepare  magnesium  tetramolybdate  by  the  action  of 
magnesium  carbonate  on  an  excess  of  a boiling  soln.  of  molybdic  acid — the  product 
appeared  to  be  the  normal  molybdate.  F.  Ullik  reported  that  zinc  tetramolybdate, 
ZnMo40i3.8H20,  is  formed  as  in  the  case  of  the  calcium  salt. 

G.  Canneri  obtained  ammonium  dimolybditotetramolybdate,  2(NH4)20.Mo205. 
4Mo03.8H20  ; as  well  as  sodium  dimolybditotetramolybdate,  Na20.Mo205.4Mo03. 
10H26;  and  potassium  dimolybditomolybdate,  2K20.Mo205.4Mo03.5H20.  By 
reducing  alkali  dimolybdates  (q.v.),  he  also  prepared  lithium  hypomolybditotetra- 
molybdate,  Li20.4Mo03.Mo02 ; sodium  hypomolyDditotetramolybdate,  Na20. 
4Mo03.Mo02  ; sodium  hypomolybditopentamolybdate,  Na20.5Mo03.Mo02  ; and 
potassium  hypomolybditopentamolybdate,  K20.5Mo03.Mo02.  By  the  action  of 
hydrogen  chloride  near  600°,  compounds  of  the  type  O : Mo[0.Mo02.0.Mo02. 
O.R.Jo,  where  R denotes  Na  or  Li ; and  O : Mo(0R)[0.(Mo02.0)5.R],  where  R 
denotes  Na  or  K,  were  obtained. 

F.  Jean  2 reported  ammonium  pentamolybdate,  2(NH4)20.5Mo()3.H20,  to  separate  as 
an  amorphous  precipitate  when  a boiling  soln.  of  ammonium  molybdate  is  treated  with 
ammonium  chloride.  This  result  has  not  been  confirmed,  and  a similar  remark  applies 
to  L.  F.  Svanberg  and  H.  Struve's  report  of  the  formation  of  potassium  pentamolybdate 
by  the  action  of  nitric  acid  on  a soln.  of  molybdic  acid  in  one  of  potassium  carbonate. 
VOL.  XI.  2 Q 
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L.  F.  Svanberg  and  H.  Struve  reported  silver  pentamolybdate,  2Ag20.5Mo03,  to  be  formed 
by  treating  a soln. .of  . potassium  trimolybdate  with  silver  nitrate.  The  mass  had  a variable 
composition,  and  was  somewhat- soluble  in  water.  A.  Junius  could  not  prepare  it;  and 
it  is  doubtful  if  it  is  a chemical  individual.  E.  Dittler  obtained  lead  pentamolybdate, 
2Pb0.5Mo03,  by  adding  a hot,  cone.  soln.  of  lead  chloride  to  a hot,  6 per  cent.  soln.  of 
ammonium  5 : 12-molybdate  so  long  as  an  additional  drop  produced  no  turbidity.  The 
yellowish-green,  amorphous  product  forms  bluish-green,  hexagonal  or  trigonal  prisms  at 
115°.  They  are  optically  negative,  insoluble  in  water;  soluble  in  nitric  acid;  soluble  in 
hydrochloric  acid  (1  : 80)  ; and  soluble  in  a soln.  of  sodium  catbonate,  and  the  soln.  on 
standing  deposits  basic  lead  carbonate,  Pb3(0H)2(C03)2. 

E.  Marckwald  obtained  ammonium  cobaltous  pentamolybdate,  9{2(NH4)20.5MoOs}- 
5{2Co0.5Mo03}.118H20,  as  a red  crystalline  mass,  by  evaporating  the  filtrate  after 
boiling  a mixed  soln.  of  eq.  proportions  of  cobaltous  chloride  and  ammonium  paramolyb- 
date  ; he  also  obtained  red  crystals  of  4(NH4)2O.2CoO3.15MoO3.20H2O. 

For  some  hexamolybdates,  vide  infra,  dodecamolybdates.  The  ammonium 
hexamolybdate,  3NH3.6MoO3.5H2O,  of  P.  Klason  3 was  shown  previously  to  be 
more  probably  a tetramolybdatft.  P.  Klason  also  reported  that  a sample  of  com- 
mercial molybdic  acid  was  best  fepresented  by  NH3.3Mo03.|H20,  and  it  is  obtained 
by  evaporating  a mixture  of  ammonium  paramolybdate  with  an  excess  of  nitric 
acid.  This  product — if  the  statements  are  correct — can  be  regarded  as  anhydrous 
ammonium  hexamolybdate,  (NH4)20.6Mo03.  P.  Klason  also  reported  what  he 
regarded  as  ammonium  pentahydrotrimolybdate,  (NH4)H5Mo3012,  or  NH3.3Mo03. 
3H20,  but  may  be  also  regarded  as  a pentahydrate , (NH4)20.bMo03.5H20.  It  was 
obtained  by  adding  the  calculated  quantity  of  iV-HCl  to  a cold  soln.  of  ammonium 
paramolybdate,  and  crystallizing.  The  needle-like  crystals  lose  2 mols.  of  water 
over  phosphorus  pentoxide  at  ordinary  temp.  They  are  sparingly  soluble  in 
cold  water,  and  more  soluble  in  hot  water — but  with  partial  decomposition. 
A.  Rosenheim  regarded  the  hexamolybdates  as  hexahydrododecamolybdates, 
e.g.  (NH4)4H6[H2(Mo207)6].mH20.  G.  Jander  and  A.  Winkel  found  the  alkali 
hexamolybdate,  R5[HMo6021],  to  be  stable  in  the  range  [H']=10-4'5  to  10-1'6 ; 
and  gave  for  the  diffusion  coeff.  of  the  anion,  0-28.  G.  Jander  described  the  con- 
ditions of  stability  of  the  acid.  According  to  E.  Marckwald,  a soln.  of  sodium 
di-  or  para-molybdate  and  nickelous  chloride  gives  prismatic  crystals  of  sodium 
nickelous  hexamolybdate,  Na20.2Ni0.6Mo03,  in  prismatic  crystals  which  dissolve 
without  decomposition  in  cold  water,  but  are  decomposed  by  hot  water. 

S.  Posternak  prepared  ammonium  hydroheptamolybdate,  (NH40)3Mo0- 
(0.Mo02)50.Mo02(0H),  from  a boiling  soln.  of  ammonium  molybdate  with  molybdic 
oxide ; and  ammonium  trihydroheptamolybdate,  (NH40)(H0)2Mo0(0.Mo02)50. 
Mo02.0H.H20,  as  a crystalline  crust  by  warming  a soln.  of  ordinary  ammonium 
molybdate  on  a water-bath.  He  supposed  the  anhydrous  paramolybdate  (q.v.)  to 
be  (NH40)3Mo(0.Mo02)5O.Mo0(0NH4)3.  A.  Travers  and  L.  Malaprade  discussed 
the  constitution  of  the  salts  of  H0[7MoO3.3O]. 
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§ 14.  The  Octo-,  Ennea-,  and  Deca-Molybdates 

F.  Mylius  1 added  the  theoretical  quantity  of  hydrochloric,  sulphuric,  or  nitric 
acid  to  a soln.  of  ammonium  paramolybdate,  and  obtained  colourless  needles  which 
he  represented  by  the  formula  NH3.4MoO3.6H2O,  or  (NH4)20.8Mo03.11H20,  but 
which  A.  Rosenheim  regarded  as  ammonium  octomolybdate,  (NH4)20.8Mo03. 
13H20,  and  A.  Rosenheim  and  J.  Felix,  as  ammonium  heplahydrododecamolybdate, 
(NH4)3H7[H2(MoO7)6].20H2O.  A.  Rosenheim  obtained  his  salt  by  the  action  of 
sulphur  dioxide  on  ammonium  tetramolybdate  suspended  in  water,  and  crystal- 
lizing the  soln.  over  sulphuric  acid.  As  indicated  by  the  formulae  there  are 
differences  of  opinion  as  to  the  water-content.  F.  Mylius  said  that  when  the  salt 
is  warmed  the  expulsion  of  the  water  is  attended  by  the  loss  of  some  ammonia,  and 
when  all  the  ammonia  is  driven  off,  the  product  is  green  owing  to  some  reduction. 
The  salt  is  sparingly  soluble  in  cold  water,  and  rather  more  soluble  in  hot  water, 
and  at  about  60°,  a salt  containing  less  water  slowly  separates.  A.  Rosenheim 
suggested  that  this  is  the  heptahydrate  reported  by  P.  Klason  to  be  formed  by 
treating  a warm  soln.  of  the  decamolybdate  with  ammonium  chloride,  and  which 
P.  Klason  regarded  as  3NH3.12Mo03.12H20.  F.  Mylius  added  that  the  aq.  soln. 
of  ammonium  octomolybdate  has  an  acidic  reaction  ; it  liberates  carbon  dioxide 
from  carbonates ; it  coagulates  albumen  ; and,  unlike  normal  molybdates,  it 
gives  no  precipitate  with  nitric  acid — the  soln.,  however,  gradually  deposits  a salt 
with  less  ammonia,  or  a hydrated  molybdenum  trioxide. 

G.  Wempe  obtained  lithium  octomolybdate,  Li20.8Mo03.llH20,  from  a cone, 
soln.  of  ammonium  tetramolybdate  and  an  excess  of  lithium  sulphate.  The  trans- 
parent needles  are  soluble  in  water,  and  when  strongly  heated,  lose  some  molybdenum 
oxide.  F.  Ephraim  and  M.  Brand  could  not  make  this  salt.  F.  Ullik  prepared 
sodium  octomolybdate,  Na20.8Mo03.17H20,  by  mixing  a soln.  of  normal  sodium 
molybdate  with  the  calculated  quantity  of  hydrochloric  acid,  and  spontaneously 
evaporating  the  clear  liquid.  A.  Rosenheim  and  J.  Felix,  and  G.  Wempe  employed 
a similar  mode  of  preparation.  A.  Rosenheim  and  J.  Felix  also  obtained  it  from 
a soln.  of  the  normal  molybdate  sat.  with  molybdic  acid  ; and  they  represented 
it  by  the  formula  Na3H7[H2(Mo207)6].21H20.  S.  J.  Diatschkovsky  and 
A.  Y.  Dumansky  prepared  the  complex  Na20(Mo03)8  and  found  that  its  conduc- 
tivity and  f.p.  depression  corresponded  with  those  obtained  by  adding  hydrochloric 
acid  gradually  to  a soln.  of  sodium  molybdate  when  colloidal  particles  appear — 
vide  supra,  colloidal  molybdic  acid.  ' According  to  V.  von  Zepharovich,  the  hepta- 
decahydrate  crystallizes  in  monoclinic  crystals  with  the  axial  ratios  a:  b : c 
=1-975  : 1 : — , and  /S=96°  U.  The  crystals  are  stable  at  0°,  but  at  room  temp., 
in  air,  they  lose  water  and  decompose.  The  loss  of  water  is  completed  at  160°-180°. 
The  heptadecahydrate  is  readily  soluble  in  cold  or  hot  water,  and  crystallizes 
unchanged  when  the  aq.  soln.  is  evaporated  spontaneously  ; but  if  the  crystals 
have  lost  water  by  efflorescence,  the  salt  becomes  sparingly  soluble,  and  if  washed 
with  water,  sodium  decamolybdate  remains.  A.  Rosenheim  and  J.  Felix  found 
the  conductivity,  A mhos,  of  an  eq.  of  the  salt  in  v litres  of  water  at  25°  to  be  : 

v . 16  32  04  128  256  512  1024 

A . 144-8  196-9  303-6  349-3  377-9  406-4  410-6 

The  large  increase  in  the  conductivity  indicates  that  an  acid  salt  rapidly  forms 
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hydrogen  ions  with  increasing  dilution.  The  change  in  the  sp.  conductivity,  K, 
of  25  c.c.  of  ~Ar-Na2Mo2025  at  25°,  when  y-iV-NaOH  is  gradually  added  to  25  c.c. 
of  ~A^-Na2Mo8025,  is  as  follows,  where  NaOH  represents  the  number  of  mols  of 
sodium  hydroxide  added  per  mol  of  Na2Mo8025  : 

NaOH  . 0 0-378  1-260  1-764  2-015  2-267  3-023  3-625 

K . . 0-04708  0-04418  0-03411  0-02967  0-03018  0-03030  0-03332  0-03550 

This  means  that  with  the  addition  of  alkali,  the  acid  is  neutralized  and  the  con- 
ductivity decreases,  and  when  about  2 mols  of  alkali  per  mol  of  salt  have  been 
added,  sodium  tetramolybdate  is  formed,  and  the  conductivity  increases,  owing 
to  the  increasing  alkalinity  of  the  soln.  Aq.  soln.  of  the  octomolybdate  are  as 
unstable  as  the  solid  salt,  and  at  their  b.p.  the  liquid  becomes  turbid  owing  to  the 
separation  of  decamolybdate.  Vide  infra,  the  hexadecamolybdates,  for  a 
j)olymerized  form. 

F.  Ullik  prepared  potassium  octomolybdate,  K20.8Mo03.13H20,  by  dissolving 
potassium  trimolybdate  in  a soln.  of  molybdic  acid  ; the  precipitate  dissolves  when 
the  liquid  is  warmed,  and  when  the  filtered  soln.  is  cooled,  the  salt  separates  out 
in  crystals.  A.  Rosenheim,  A.  Rosenheim  and  J.  Felix,  and  D.  Asch  obtained  it 
by  passing  sulphur  dioxide  into  an  aq.  soln.  of  the  tetramolybdate,  and  crystallizing 
the  liquid  over  sulphuric  acid  ; and  G.  Wempe,  by  the  action  of  potassium  sulphate 
on  a hot  soln.  of  ammonium  tetramolybdate.  It  is  not  formed  when  potassium 
molybdate  is  treated  with  the  calculated  quantity  of  hydrochloric  acid,  because 
the  trimolybdate  is  formed  instead.  According  to  F.  Ullik,  the  prismatic  crystals 
are  decomposed  by  water  forming  a sparingly-soluble  powder  ; when  the  salt  is 
heated,  water  is  given  off,  and  at  a red-heat,  the  product  fuses.  G.  Wempe  said 
that  the  salt  forms  monoclinic  needles,  which  easily  dissolve  in  warm  water.  These 
properties  as  well  as  the  mode  of  preparation  made  A.  Rosenheim  doubt  if 
G.  Wempe’s  salt  is  really  the  octomolybdate.  A.  Rosenheim  and  J.  Felix  regarded 
it  as  'potassium,  heptahydrododecamolybdate,  K3H7[H2(Mo207)6].15H20.  G.  Wempe 
reported  rubidium  octomolybdate,  Rb20.8Mo03.4H20,  to  be  formed  as  in  the  case 
of  the  potassium  salt ; and  the  needle-like  crystals  are  said  to  be  probably  mono- 
clinic. They  effloresce  in  air  ; and  are  sparingly  soluble  in  cold  water,  and  readily 
soluble  in  hot  water.  The  corresponding  caesium  octomolybdate  has  not  been 
prepared. 

According  to  F.  Ullik,  calcium  octomolybdate,  CaMo8025.18H20— A.  Rosenheim 
and  J.  Felix  gave  (|Ca)3H7[H2(Mo207)6].22H20 — is  formed  by  the  action  of  the 
calculated  quantity  of  hydrochloric  acid  on  normal  calcium  molybdate,  and  allowing 
the  liquid  to  evaporate  spontaneously.  A.  Rosenheim  and  J.  Felix'  obtained  it  in 
a similar  manner.  The  small,  prismatic  crystals  are  very  similar  to  those  of  the 
other  octomolybdates.  The  salt  gives  off  water  when  heated,  and  the  residue  begins 
to  fuse  at  a red-heat.  The  salt  is  almost  insoluble  in  cold  water,  but  in  hot  water 
it  is  soluble.  G.  Wempe  represented  the  amorphous  salt  obtained  by  mixing 
soln.  of  eq.  quantities  of  sodium  tetramolybdate  and  calcium  chloride,  by  the 
formula  CaMo8025.17H20.  He  also  obtained  what  he  regarded  as  strontium 
octomolybdate,  SrMo8025.7H20 — although  his  data  agree  better  with  SrMo10031. 
12H20 — by  the  action  of  strontium  chloride  soln.  on  one  of  ammonium  tetra- 
molybdate. The  acicular  crystals  are  monoclinic  or  triclinic.  F.  Ullik  prepared 
barium  octomolybdate,  BaMo8025.18H20 — A.  Rosenheim  and  J.  Felix  gave  the 
formula  (|Ba)3H7[H2(Mo207)6].22H20 — by  the  action  of  a warm  soln.  of  molybdic 
acid  on  barium  carbonate  ; by  the  action  of  a mol  of  barium  chloride  on  a soln.  of 
a mol  of  sodium  octomolybdate  ; and  by  pouring  a soln.  of  barium  chloride  into  an 
aq.  soln.  of  molybdic  acid.  The  filtered  soln.  is  evaporated  for  crystallization. 
A.  Rosenheim  and  J.  Felix  obtained  it  by  the  action  of  1-75  mols  of  hydrochloric  acid 
on  a mol  of  normal  barium  molybdate  suspended  in  water  ; the  soln.  crystallized  at 
ordinary  temp.  The  prismatic  crystals  decompose  with  the  loss  of  water  when 
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heated,  and  the  residue  melts  at  a dull  red-heat.  The  salt  is  sparingly  soluble  in 
cold  water,  and  is  decomposed  into  the  tetramolybdate  by  hot  water.  G.  Wempe 
obtained  an  amorphous  powder  as  a precipitate  on  treating  ammonium  tetra- 
molybdate with  barium  chloride ; he  represented  it  by  the  formula  BaMo8025.15H20, 
and  said  that  it  is  soluble  in  cold  or  hot  water.  G.  Wempe’s  idea  of  this  compound 
does  not  agree  with  the  observations  of  F.  Ullik. 

F.  Ullik  prepared  magnesium  octomolybdate,  MgMo8025.20H20,  as  in  the  case 
of  the  sodium  salt,  by  mixing  a mol  of  normal  magnesium  molybdate  with  1-75  mols 
of  hydrochloric  acid.  G.  Wempe  obtained  it  by  the  action  of  magnesium  sulphate 
on  a soln.  of  a molybdate,  and  represented  it  by  the  formula  MgMo8025.21H20. 
V.  von  Zepharovich  said  that  the  prismatic  crystals  are  probably  triclinic.  The 
salt  effloresces  in  air  ; it  is  dehydrated  by  heat ; it  melts  at  a red-heat ; dissolves 
in  cold  water,  and  resembles  the  other  octomolybdates  in  general  properties. 
G.  Wempe  also  reported  zinc  octomolybdate,  ZnMo8025.15H20,  to  be  formed  as  in 
the  analogous  case  of  magnesium  octomolybdate  ; and  similarly  also  with  cadmium 
octomolybdate,  CdMo8025.7H20. 

A.  Lancien  obtained  anhydrous  uranyl  octomolybdate,  UO3.8M0O3,  by 
the  action  of  sunlight  on  the  paramolybdate  (q.v.) ;■  and  the  tridecahydrale, 
U03.8Mo03.13H20,  is  obtained  as  prismatic  needles  when  ammonium  para- 
molybdate is  precipitated  by  uranium  nitrate  and  the  product  treated  with  excess 
of  acetic  acid  ; the  substance  obtained  is  extremely  sensitive  to  light.  He  measured 
the  rate  of  change  of  this  substance  when  exposed  to  light  of  various  wave-lengths. 

A.  Meinhard  obtained  well-defined  salts  of  quadrivalent  manganese  by  the 
action  of  potassium  fluopermanganite  on  a paramolybdate.  Thus,  there  were 
produced  potassium  permanganous  octomolybdate,  3K20.Mn02.8Mo03.7H20, 
and  ammonium  permanganous  octomolybdate,  3(NH4)20.Mn02.8Mo03.7|H20. 


L.  F.  Svanberg  and  H.  Struve  2 treated  barium  molybdate  with  dil.  nitric  acid  and 
obtained  from  the  liquid  six-sided  prisms  of  barium  enneamolybdate,  Ba0.9Mo03.4H20. 
The  salt  is  insoluble  in  cold  or  hot  water,  or  in  water  acidulated  with  nitric  acid  ; and  it  is 
incompletely  decomposed  by  sulphuric  acid,  or  by  a mixture  of  sulphuric  acid  with  nitric 
or  hydrochloric  acid.  R.  D.  Hall  reported  potassium  percobaltic  enneamolybdate, 
3K2O.Co02.9MoOa.6£H20,  to  be  obtained  by  boiling  a soln.  of  cobaltous  sulphate  and 
potassium  paramolybdate  with  potassium  persulphate.  E.  Marckwald  prepared  ammonium 
nickelous  enneamolybdate,  (NH4)20.3Ni0.9Mo03.25H20,  from  the  mother-liquor  of  the 
6 : 3 : 16  : 29  salt.  R.  D.  Hall  reported  potassium  pernickelic  enneamolybdate,  3K20.Ni02. 
9Mo03.6£H20,  to  be  formed  by  boiling  a mixed  soln.  of  potassium  paramolybdate  and 
nickelous  sulphate  with  potassium  persulphate.  A boiling  soln.  of  ammonium  molybdate, 
nickelous  sulphate  and  potassium  persulphate  furnishes  dark  purple  crystals  of  ammonium 
pernickelic  enneamolybdate  ; and  by  adding  barium  chloride  to  a soln.  of  this  salt,  barium 
pernickelic  enneamolybdate,  3BaO.Ni02.9Mo03.12H20,  is  formed. 


P.  Klason  3 prepared  ammonium  decamolybdate,  which  he  represented  by  the 
formula  3NH3.12Mo03.12H20-j-Mo03.8H20,  but  which  can  be  better  represented 
by  (NH4)20.10Mo03.13H20.  He  obtained  this  salt  from  a soln.  of  ammonium 
paramolybdate  mixed  with  the  calculated  quantity  of  1V-HC1.  A.  Rosenheim  and 
J.  Felix  with  the  same  mode  of  preparation  obtained  the  enneadecahydrate.  The 
white  powder  consists  of  microscopic  prisms  which  dissolve  freely  in  hot  water.  The 
salt  can  be  crystallized  unchanged  from  its  aq.  soln.  evaporated  at  ordinary  temp.  1 f 
a large  porportion  of  the  salt  is  warmed  with  a little  water,  it  gradually  forms  the 
trihydrate.  The  trihydrate  is  also  produced  when  a soln.  of  the  normal  salt  is 
heated  with  the  necessary  amount  of  hydrochloric  acid  in  a closed  vessel  at  40°, 
and  likewise  by  dehydration  of  the  enneadecahydrate  over  phosphorus  pentoxide. 
The  six-sided  prisms  of  the  trihydrate  are  sparingly  soluble  in  water.  The  solid 
phase  of  the  enneadecahydrate  in  contact  with  water  for  20  hrs.  is  all  trihydrate. 
The  solubility  of  the  trihydrate  at  25°  is  0-33  per  cent.,  and  at  100°  is  0-447  per 
cent,  of  (NH4)2Mo10O31.  The  low  proportion  of  water  of  crystallization  found  by 
P.  Klason  shows  that  his  salt  had  been  partially  transformed  into  the  trihydrate. 
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The  transformation  of  the  enneadecahydrate  is  shown  by  its  decreasing  solubility, 
S,  per  cent.  (NH4)2Mo10O31)  when  the  aq.  soln.  is  kept  at  25°. 

Time  . 6 16  20  30  40  hrs. 

S . . 6 01  2-30  0-33  0-33  ' 0-38  per  cent. 

F.  Ullik  obtained  sodium  decamolybdate,  Na2O.K)Mo03.21(or  22)H20,  from  a 
soln.  of  sodium  trimolybdate  or  carbonate  in  the  calculated  quantity  of  molybdic 
acid  ; and  A.  Rosenheim  and  J.  Felix,  by  treating  an  ice-cold,  cone.  soln.  of  normal 
sodium  molybdate  with  more  than  the  calculated  quantity  of  hydrochloric  acid, 
and  evaporating  over  sulphuric  acid.  F.  Ullik  found  that  the  henicosihydrate 
furnishes  prismatic  crystals  which  V.  von  Zepharovich  regarded  as  monoclinic 
with  the  axial  ratios  a : b : c=l-840  : 1 : — , and  /3=93°  32-5',  When  kept  for 
some  time,  the  crystals  become  turbid  and  wax-like.  The  crystals  dissolve  slowly 
but  copiously  in  water,  and  they  can  be  recovered  from  the  soln.  unchanged. 
F.  Ullik  obtained  the  dodecahydrate  by  evaporating  on  a water-bath  the  clear  liquid 
from  a soln.  of  normal  sodium  molybdate  mixed  with  the  theoretical  quantity  of 
hydrochloric  acid.  The  white  crystalline  powder  is  dried  between  bibulous  paper  ; 
it  is  sparingly  soluble  in  water.  A.  Rosenheim  and  I.  Davidsohn  prepared  the 
heptahydrate,  but  A.  Rosenheim  and  J.  Felix  showed  that  it  is  probably  the 
liexahydrate,  Na2Mo10O31.6H2O.  It  was  obtained  by  the  prolonged  heating  in  a 
closed  vessel  at  40°  of  a soln.  of  a mol  of  sodium  molybdate  and  2 mols  of  hydrochloric 
or  nitric  acid  ; A.  Rosenheim  and  J.  Felix  also  obtained  it  by  boiling  a soln.  of  the 
henacosihydrate.  The  salt  separates  in  microscopic,  six-sided  prisms,  which  are 
only  sparingly  soluble  in  cold  or  hot  water  ; a sat.  soln.  at  100°  contains  0-842  per 
cent.  Na2Mo10O31.  The  dodecahydrate  of  F.  Ullik  may  be  the  partially  dehydrated 
henacosihydrate. 

According  to  A.  Rosenheim  and  I.  Davidsohn,  and  A.  Rosenheim  and  J.  Felix, 
when  a soln.  of  a mol  of  normal  potassium  molybdate  and  2 mols  of  hydrochloric 
acid  is  heated  for  a long  time  in  a closed  vessel  at  40°,  a microcrystalline  powder 
of  potassium  decamolybdate,  K20.10Mo03.9H20,  separates  out.  The  enneahydrale 
is  sparingly  soluble  in  water ; at  100°,  the  soln.  contains  0-682  per  cent,  of 
K2Moi0031.  If  a cold,  cone.  aq.  soln.  of  normal  potassium  molybdate  be  mixed 
with  an  eq.  amount  of  hydrochloric  acid,  it  deposits  microscopic  six-sided  prisms 
of  the  penladecahydrale,  which  is  fairly  soluble  in  cold  water.  If  the  soln.  be  warm, 
the  less  soluble  enneahydrate  is  formed.  The  facts  do  not  justify  the  assumption 
suggested  by  A.  Rosenheim  and  J.  Felix  that  the  easily-  and  the  sparingly-soluble 
forms  are  polymeric  ; they  are  explained  by  the  existence  of  hydrates  of  different 
solubilities. 

The  individuality  of  F.  Ephraim  and  H.  Herschfinkel’s  rubidium  henamolybdate, 
Rb20.11Mo03.5-5H20,  obtained  from  mixtures  of  rubidium  tetramolybdate  and  nitric 
acid,  has  not  been  established  ; similar  remarks  apply  to  their  rubidium  tridecamolybdate, 
Rb20.13Mo03.4H20. 

F.  Parmentier  reported  crystals  of  potassium  aluminium  decamolybdate, 

2K2O.A12O3.10MoO3.15H2O,  to  be  formed  by  heating  aluminium  hydroxide  with 
potassium  dimolybdate  in  a sealed  tube  at  150°.  A.  Meinhard  prepared  sodium 
ceridecamolybdate,  4Na2O.CeO2.10MoO3.5H2O ; guanidmium  thoridecamolybdate, 
4(CN3H0)2O.ThO2.10MoO3 ; and  ammonium  manganous  decamolybdate, 

3(NH4)2O.2MnO.10MoO3.14H2O,  by  the  action  of  a manganous  salt  on 
ammonium  paramolybdate. 

D.  N.  Artemeeff,  and  M.  K.  Eliaschevitsch  described  the  rhombic,  prismatic 
crystals  of  ammonium  cobaltic  decamolybdate,  3(NH4)2O.Co2O3.10MoO3.10H2O  ; 
and  of  those  of  potassium  cobaltic  decamolybdate,  3K2O.Co203.10Mo03.10H20. 
E.  Marckwald  obtained  ammonium  nickelous  decamolybdate,  3(NH4)20.2Ni0. 
10Mo03.14H20,  by  mixing  a hot  soln.  of  ammonium  paramolybdate  and  nickelous 
chloride,  and,  after  the  nickelous  molybdate  has  separated,  evaporating  over 
sulphuric  acid. 
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§ 15.  The  Dodeca-,  and  Higher  Molybdates 

G.  Jander  and  A.  Winkel 1 found  the  range  of  stability  of  sodium  dodecamolyb- 
date, Na3(H7Mo12041).aq.,  to  correspond  with  [H']=10~15  to  10-0'9  ; and  they 
gave  0-20  for  the  diffusion  coeff.  of  the  anion.  G.  Wempe  treated  a soln.  of 
ammonium  tetramolybdate  with  calcium  chloride  in  eq.  proportions,  and  evaporated 
the  liquid  on  a water-bath.  The  resulting  monoclinic  or  triclinic  prisms  were 
regarded  as  calcium  dodecamolybdate,  CaMo12037.23H20.  The  crystals  effloresce 
in  air  ; they  are  almost  insoluble  in  cold  water,  but  readily  soluble  in  hot  water. 

R.  D.  Hall  prepared  crystals  of  ammonium  aluminium  dodecamolybdate, 
3(NH4)20.A1203.12Mo03.19H20,  or  (NH4)3Al(Mo207)3.9|H20,  by  boiling  100  grms. 
of  ammonium  paramolybdate  with  33  grms.  of  aluminium  sulphate  in  1-5  litres  of 
water,  and  cooling  the  hot  liquid.  H.  Struve' regarded  it  as  a decahydrate.  The 
salt  was  also  prepared  by  E.  Marckwald.  Attempts  by  A.  Rosenheim  and 
H.  Schwer  to  resolve  the  ammonium  strychnine  salt  into  optical  isomerides  failed. 
The  electrical  conductivity,  A,  of  J(NH4)3H6[A1(Mo04)6J.7H20,  in  v litres  of  water, 
at  25°,  is  : 

v . . 32  64  128  256  512  1024 

A . . 100-56  108-5  116-0  122-9  132-8  143-3 

J.  G.  Gentele  prepared  sodium  aluminium  dodecamolybdate,  Na3Al(Mo207)3.llH20, 
by  treating  a soln.  of  potash-alum  with  sodium  molybdate  in  excess.  The  needle- 
like crystals  are  easily  soluble  in  water  ; they  effloresce  in  air  ; and  lose  about 
half  their  water  of  crystallization  over  sulphuric  acid.  The  salt  melts  when  heated, 
and  the  cold  crystalline  mass  dissolves  slowly  in  hydrochloric  acid.  H.  Struve 
boiled  freshly-precipitated  aluminium  hydroxide  for  many  hours  with  a soln.  of 
potassium  trimolybdate,  replacing  water  as  it  evaporates.  The  hot  liquid  is 
filtered  and  cooled  for  the  crystals  of  potassium  aluminium  dodecamolybdate, 
3K20,A1203.12Mo03.20H20,  or  K3Al(Mo2O7)3.10H2O.  The  same  salt  was  obtained 
by  treating  a soln.  of  potash-alum  with  a normal  molybdate — say,  magnesium 
molybdate  ; and  R.  D.  Hall  also  obtained  it  by  the  action  of  aluminium  sulphate 
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or  potash-alum  on  a molybdate.  H.  Struve  said  that  the  hot  soln.  furnishes  four- 
sided plates  on  cooling.  The  crystals  are  stable  in  air  ; 100  parts  of  water  at  17° 
dissolve  0-025  part  of  the  salt.  The  original  salt  can  be  obtained  by  crystallization 
from  the  aq.  soln.  The  salt  melts  at  a red-heat,  and  when  cold,  the  mass  is  sparingly 
soluble  in  water  and  acids.  A.  Rosenheim  and  H.  Schwer  discussed  the  hypotheses 
as  to  their  constitution  (i)  that  they  are  constituted  R3[Al(Mo207)3].nH20,  or 
R3[A1(H20)2(Mo207)3].(»-2)H20  ; or  (ii)  that  they  are  derivatives  of  the  nonavalent 
(AlOg)-radicle.  The  way  the  potassium  salt  loses  water,  when  it  is  heated,  agrees 
with  the  hypotheses  that  the  potassium  salt'  is  constituted  in  accord  with 
K3H6[A1(Mo04)6].7H20.  The  percentage  loss  of  water  is  as  follows  : 

100°  110°  120°  130°  150°  170°  Rp.d-heat. 

Loss  . 9-90  10-22  10-32  10-32  10-54  11-47  14-68 


The  electrical  conductivity,  A,  of  an  eq.,  £-K3H6[Al(Mo04)ti").7H20,  in  v litres  of 
water,  at  25°,  is  : 

v .32  04  128  256  512  1024 

A . . 97-42  105-93  113-34  121-04  130-97  140-02 

R.  D.  Hall  reported  that  if  an  eq.  amount  of  silver  nitrate  be  added  to  an  alkali 
aluminium  dodecamolybdate,  only  part  of  the  alkali  is  replaced,  but  if  an  excess 
of  the  silver  salt  be  employed,  silver  aluminium  oxydodecamolybdate,  Ag20. 
Ag6-^l2(Mo207)6.16H20,  is  formed.  If  a still  larger  excess  of  silver  salt  be  used, 
silver  aluminium  dioxymolybdate,  2Ag2O.Ag6Al2(Mo207)6.«H20,  is  produced ; 
barium  aluminium  oxydodecamolybdate,  B a 0 .B  a 3 A 1 2 ( M o 2 0 7 ) 6 . 1 4 H 2 0 , is  formed 
by  boiling  barium  chloride  with  a soln.  of  the  salt  K3A1(Mo2O7)3.10H2O  ; and  also 
ammonium  barium  aluminium  oxydodecamolybdate,  0-85(NH4)2O.2T5BaO.Al2O3. 
12MoO3.20H2O,  by  the  action  of  barium  chloride  on  the  ammonium  salt.  R.  D.  Hall 
prepared  lead  aluminium  oxydodecamolybdate,  Pb0.Pb3Al2(Mo207)6.21H20,  as 
in  the  case  of  the  corresponding  silver  salt. 

G.  A.  Barbieri  prepared  a series  of  ceriododecamolybdates  of  the  general 
formula  R8[Ce(Mo207)6].nH20,  derived  from  the  ceridodecamolybdic  acid, 
H8[Ce(Mo207)6].  These  salts  are  stable  towards  hydrogen  dioxide,  and  give 
a precipitate  with  oxalic  acid  only  after  prolonged  boiling.  Yellow  crystals  of 
ammonium  ceric  dodecamolybdate,  (NH4)8[Ce(Mo207)6].8H20,  were  obtained  by 
adding  a soln.  of  cone,  ammonium  nitrate  to  a soln.  of  ammonium  paramolybdate, 
and  the  product,  when  treated  with  dil.  sulphuric  acid  furnished  pale  yellow 
crystals  of  ammonium  ceric  dihydrododecamolybdate,  (NH4)6H2[Ce(Mo207)6]. 
10H2O ; A.  Meinhard  obtained  sodium  ceric  dodecamolybdate,  4Na20.Ce02. 
1M2o03.6H20  ; while  G.  A.  Barbieri  obtained  orange-yellow,  crystals  of  silver 
ceric  dodecamolybdate,  Ag8[Ce(Mo207)6] ; and  yellow  crystals  of  aniline  ceric 
dodecamolybdate  were  prepared  by  double  decomposition  with  the  ammonium 
salt  and  silver  nitrate. 

E.  Pechard  prepared  a series  of  complex  titanidodecamolybdates,  of  the 
general  formula  R8[Ti(Mo207)6].wH20.  He  obtained  titanidodecamolybdic  acid, 
H8[Ti(Mo207)6].18H20,  by  adding  hydrochlorous  acid  to  mercurous  titanimolybdate, 
or  by  agitating  with  ether  an  aq.  soln.  of  the  ammonium  salt  acidified  with  hydro- 
chloric acid,  and  allowing  the  heavier  liquid  to  evaporate  spontaneously.  The 
golden-yellow  octahedra  melt  at  60°,  and  are  very  soluble  in  water.  He 
prepared  ammonium  titanidodecamolybdate,  2(NH4)20.Ti02.12Mo03.10H20,  i.e. 
(NH4)4H4[Ti(Mo207)6].8H20,  by  adding  a soln.  of  ammonium  fluotitanate  to  a soln. 
of  ammonium  molybdate  until  the  yellow  colour  no  longer  increases  in  intensity, 
and  then  adding  hydrochloric  acid.  The  salt  is  insoluble  in  soln.  of  ammonium 
salts,  but  dissolves  in  water  and  in  acids.  It  furnishes  yellow  octahedra  which 
act  on  polarized  light.  If  a hot,  cone.  soln.  of  this  salt  be  treated  with  potassium 
chloride  and  allowed  to  cool,  efflorescent  prisms  of  potassium  titanidododeca- 
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molybdate,  K4H4[Ti(Mo207)6].14H20,  are  deposited.  If  a tnercurous  salt  soln. 
be  added  to  an  aq.  soln.  of  one  of  these  two  salts,  mercurous  titanidodecamolybdate 
is  formed.  E.  Pechard  prepared  zirconidodecamolybdates,  R8[Zr(Mo207)6]. 
wH20,  in  an  analogous  manner ; ammonium  zirconidodecamolybdate, 
(NH4)4H4[Zr(Mo207)6].8H20,  yields  brown  octahedra  ; and  potassium  zirco- 
nidodecamolybdate, K4H4[Zr(Mo207)6].16H20,  brown  prisms. 

G.  A.  Barbieri  obtained  a series  of  thoridodecamolybdates,  R8[Th(Mo207)6"|. 
wH20.  They  do  not  give  a precipitate  with  oxalic  acid  in  the  cold,  but,  on  boiling, 
thorium  oxalate  is  slowly  deposited.  When  10  grms.  of  anhydrous  thorium 
sulphate  dissolved  in  200  c.c.  of  water  are  added  to  250  c.c.  of  a 30  per  cent.  soln. 
of  ammonium  heptamolybdate,  a white  precipitate  of  ammonium  thoridodeca- 
molybdate,  (NH4)8[Th(Mo207)6].8H20,  is  deposited.  A.  Meinhard  also  prepared 
this  salt.  G.  A.  Barbieri  showed  that  if  the  nitric  or  hydrochloric  acid  soln.  of  this 
salt  be  treated  with  a cone.  soln.  of  an  ammonium  salt,  ammonium  dihydrothori- 
dodecamolybdate,  (NH4)6H2[Th(Mo207)6].llH20,  is  deposited ; similarly  with 
sodium  thoridodecamolybdate,  Na8[Th(Mo207)6].15H20,  which  forms  needle-like 
crystals,  and  with  sodium  dihydrothoridodecamolybdate,  Na6H2[Th(Mo207)6]. 
17H20 — A.  Meinhard  also  prepared  the  former  salt.  According  to  G.  A.  Barbieri, 
the  addition  of  silver  nitrate  to  a soln.  of  one  of  these  salts  furnishes  silver  thorido- 
decamolybdate,  Ag8[Th(Mo207)6],  as  a white  powder.  Precipitates  of  magnesium 
thoridodecamolybdate,  and  of  zinc  thoridodecamolybdate  are  similarly  produced. 
A.  Rosenheim  obtained  ammonium  stannidodecamolybdate,  (NH4)8[Sn(Mo207)6l. 
20H20,  as  a microcrystalline,  white  powder,  by  the  action  of  a soln.  of  ammonium 
paramolybdate  on  ammonium  chlorostannate.  A.  Meinhard  also  prepared 
ammonium  hydrostannidodecamolybdate,  (NH4)3H5[Sn[Mo207)6].4H20,  which  was 
regarded  as  a salt  of  stannidodecamolybdic  acid,  H8[Sn(Mo207)6]. 

A series  of  complex  chromidodecamolybdates,  3R20.Cr203.12Mo03.wH20,  or 
R3[Cr(Mo207)3].nH20,  was  prepared  by  H.  Struve,  E.  Marckwald,  and  R.  D.  Hall. 
H.  Struve  prepared  rose-red  plates  of  ammonium  chromidodecamolybdate, 
3(NH4)2O.Cr2O3.12MoO3.20H2O,  or  (NH4)3H6[Cr(Mo04)6].7H20,  by  boiling  a soln.  of 
ammonium  trimolybdate  with  hydrated  chromic  oxide  ; and  R.  D.  Hall,  by  boiling 
a soln.  of  ammonium  chrome-alum  and  ammonium  paramolybdate.  E.  Marckwald 
obtained  the  hexacosihydrate.  A.  Rosenheim  and  H.  Schwer  prepared  two 
guanidine  salts  ; and  an  attempt  to  resolve  the  ammonium  strychnine  salt  into 
optical  isomerides  failed.  Similarly  with  the  rose-red  plates  of  potassium  chromi- 
dodecamolybdate, 3K20 . Cr2 03 . 1 2Mo03 . 20H2 O , or  K3H6[Cr(Mo04)6].7H20.  The 
salt  undergoes  no  change  on  dialysis.  At  17°,  100  grms.  of  water  dissolve  2-6  grms. 
of  the  salt.  The  percentage  loss  in  weight  is  : 

100°  110°  120°  130°  150°  170°  Red-heat 

Loss  . 9-66  1004  1008  10-08  10-34  12-71  14-39 

A.  Rosenheim  and  H.  Schwer  found  that  the  electrical  conductivity,  A‘,  of  a soln. 
of  an  eq.  of  the  normal  salt,  -|K3H6[Cr(Mo06)].7H20,  in  v litres  of  water,  at  25°,  is  : 

v .32  64  128  256  512  1024 

A . . 97-91  106-6  114-3  121-8  131-2  140-3 

If  the  potassium  salt  be  crystallized  from  soln.  containing  varying  proportions  of 
potassium  hydroxide  a series  of  potassium  chromioxydodecamolybdates  is  formed, 
viz.  7:2:  24:  32;  4:1:12:15;  and  4 : 1 : 12  : 20.  A.  Rosenheim  and  H.  Schwer 
consider  that  these  products  are  mixtures.  H.  Struve  obtained  sodium  chromido- 
decamolybdate, 3Na20.Cr203.12Mo03.2lH20,  as  in  the  case  of  ammonium  salt.  By 
adding  the  respective  salts  of  the  base  to  a soln.  of  potassium  chromidodecamolyb- 
date, R.  D.  Hall  prepared  silver  chromidodecamolybdate,  5Ag20,Cr203.12Mo03. 
17H2,  by  using  an  excess  of  silver  nitrate,  if  otherwise,  potassium  silver  chromi- 
dodecamolybdate, 2|Ag20.f  K2O.Cr203.12Mo03.18H20,  is  formed  ; barium  chromi- 
oxydodecamolybdate,  4BaO.Cr203.12Mo03.15H20,  as  well  as  the  hexadecahydrate 
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is  formed  by  using  an  excess  of  barium  chloride,  if  otherwise,  potassium  barium 
chromidodecamolybdate,  2-15BaO.O85K20.Cr263.12Mo03.20H20 ; and  with  an 
ammonium  salt,  ammonium  barium  chromidodecamolybdate,  2Ba0.(NH4)20. 
Cr203.12Mo03.20H20 ; by  using  a mixture  of  an  excess  of  barium  chloride  and 
barium  hydroxide,  in  the  cold,  barium  chromidioxydodecamolybdate,  5Ba0.Cr203. 
12Mo03.12H20,  is  formed  ; A.  Rosenheim  and  H.  Schwer  reported  the  formation  of 
Ba2H5[Cr(Mo04)e].5H20 ; and  they  consider  that  the  basic  salts  here  described 
are  impure  normal  salts.  R.  D.  Hall  found  that  an  excess  of  mercurous  nitrate 
furnishes  mercurous  chromipentoxydodecamolybdate,  8Hg20.Cr203.12Mo03. 
16H20  ; with  the  theoretical  amount  of  lead  nitrate,  lead  chromioxydodecamolyb- 
date,  4PbO.Cr203.12Mo03.24H20,  was  formed,  and  with  five  times  this  amount  of 
lead  nitrate,  the  docosihydrate  was  produced.  If  the  mercurous  salt  be  decom- 
posed with  dil.  hydrochloric  acid,  and  the  filtrate  evaporated  to  a small  bulk 
over  a water-bath,  and  then  to  dryness,  over  sulphuric  acid,  chromidodecamolyb- 
dic  acid,  Cr203.12Mo03.28H20,  is  formed  as  a green  powder. 

A.  Rosenheim  and  J.  Pinsker  prepared  ammonium  manganous  dodeca- 
molybdate,  3(NH4)20.2Mn0.12Mo0s.22H20 ; and  by  the  action  of  salts  of  tervalent 
manganese  on  alkali  paramolybdates,  A.  Meinhard  obtained  ammonium  manganic 
dodecamolybdate,  4(NH4)20.Mn203.12Mo03.9H20,  and  also  potassium  manganic 
dodecamolybdate,  4K2O.Mn2O3.12MoO3.30H2O.  These  salts  are  analogous  with 
the  corresponding  4R20.Fe203.12W03.nH20. 

F.  Zambonini  and  Y.  Caglioti  prepared  ammonium  manganic  tridecamolybdate, 
4(NH4)2O.Mn203.13Mo03.9H20,  where  Mn203  may  also  be  regarded  as  MnO.Mn02. 
This  salt  is  considered  to  be  one  member  of  a series  of  isomorphous  complex  salts 
of  the  type  : [Mn""(Mo207)6]R8Mn"Mo04.9H20,  where  R is  the  third  basal  element 
—vide  supra,  permanganitomolybdates.  The  ammonium  salt  is  produced  by  adding 
100  c.c.  of  a cone.  soln.  of  manganous  chloride  (75  grms.  MnCl2  per  1000  c.c.  of  water) 
to  1800  c.c.  of  a hot  soln.  of  ammonium  paramolybdate  (250  grms.  of  salt  per 
litre),  and  then  adding  800  c.c.  of  hydrogen  dioxide.  The  soln.  is  filtered  whilst 
hot,  and  on  cooling  red  crystals  are  deposited.  The  crystals  were  decanted,  washed 
with  water,  and  dried  in  air  on  a porous  tile.  The  triclinic  crystals  have  uniaxial 
birefringence  without  optical  anomalies,  they  are  pleochoric,  and  have  a sp.  gr. 
3-028.  By  adding  potassium  chloride  to  a soln.  of  the  ammonium  salt  at  80°, 
isomorphous  orange-red  crystals  of  potassium  manganic  tridecamolybdate, 
4K2O.Mn203.13Mo03.9H20,  of  sp.  gr.  3-43,  were  produced.  The  crystals  have  a 
positive,  uniaxial  birefringence  without  optical  anomalies,  and  they  are  pleochroic. 
The  corresponding  rubidium  manganic  tridecamolybdate,  4Rb2O.Mn203.13Mo03. 
9H20,  was  obtained  in  a similar  manner  and  furnished  orange-red,  strongly  pleo- 
chroic crystals.  This  salt  was  probably  also  made  by  H.  Struve  in  1854. 
F.  Zambonini  and  Y.  Caglioti  found  that  if  sodium  chloride  is  employed  in  place  of 
potassium  chloride,  the  soln.  after  standing  some  months  deposits  orange-red, 
pleochroic,  monoclinic  crystals  of  sodium  ammonium  manganic  tridecamolyb- 
date, 2Na20.2(NH4)20.Mn203.13Mo03.9H20.  A boiling  soln.  of  the  alkali  salt 
to  which  nickel  sulphate  and  ammonium  persulphate  are  added,  yields 
purple-black  triclinic  crystals  of  ammonium  nickelic  tridecamolybdate, 
[Ni""(Mo207)6](NH4)8NiMo04.9H20,  isomorphous  with  the  corresponding  manganic 
salt.  The  corresponding  magnesium,  cupric,  and  cadmium  salts  appear  as  iso- 
morphous mixtures  with  the  ammonium  salt.  The  corresponding  chromic  and 
cobaltic  salts  were  obtained,  but  no  solid  soln.  with  the  manganic  salt  could  be 
prepared.  If  the  potassium,  or  ammonium,  or  sodium  manganic  salt  is  treated 
with  barium  chloride,  at  80°,  rose-yellow  barium  manganic  dodecamolybdate, 
Ba4[Mn(Mo207)6].»'iH20,  is  formed ; and  with  the  potassium  manganic  salt 
and  silver  nitrate,  flesh-coloured  crystals  of  silver  manganic  dodecamolybdate, 
Ag8[Mn(Mo207)6].wH20,  are  produced. 

According  to  E.  Marckwald,  ammonium  ferric  dodecamolybdate,  3(NH4)20. 
Fe203.12Mo03.20H20,  is  produced  by  treating  ferric  chloride  with  ammonium 
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paramolybdate.  The  salt  Fe2O3.5MoO3.wH2O  is  first  deposited,  and  afterwards 
white  plates  of  the  complex  salt,  which  are  decomposed  by  water.  The  same 
salt  was  prepared  by  H.  Struve,  and  R.  D.  Hall.  The  latter  gave  19H20  for  the 
proportion  of  combined  water ; and  A.  Rosenheim  and  H.  Schwer  represented 
it  by  (NH4)3H6[Fe(Mo04)6].7H20.  R.  D.  Hall  also  obtained  potassium  ferric 
dodecamolybdate,  3K2O.Fe203.12Mo03.20H20.  A.  Rosenheim  and  H.  Schwer 
represented  it  by  K3H6[Fe(Mo04)6].7H20  ; they  found  the  percentage  loss  of 
water  : 

100°  110°  120°  130°  150°  170°  Red-heat 

Loss  . . 9-70  10-01  10-06  10-06  10-40  11-70  14-28 

’ 7H20  10H2O 

They  found  the  conductivity,  A of  K3H0[Fe(MoO4)6].7H2O  in  v litres  of  water,  at  25°, 

v . . 32  64  128  256  512  1024 

A . . 97-88  103-0  115-64  124-11  136-9  153-75 

E.  Marckwald  prepared  sodium  cobaltous  dodecamolybdate,  Na2O.Co0.12Mo03.14H,0, 
by  heating  a soln.  of  a mol  of  sodium  paramolybdate  with  3 mols  of  cobaltic  chloride.  The 
violet  precipitate  does  not  appear  homogeneous  under  the  microscope  and  is  thought  to 
be  a mixture  of  sodium  trimolybdate  and  normal  cobaltous  molybdate.  E.  Marckwald 
also  obtained  3Na20.2Co0.12Mo03.27H20,  or  4Co0.6Na20.25Mo03.54H20,  from  a soln. 
of  eq.  quantities  of  sodium  tetramolybdate  and  cobaltous  chloride.  The  yellowish-red 
crystals  may  be  a mixture  of  2(2Co0.5Mo03)  + 3(2Na20.5MoO3).  He  also  reported  a 
yellowish-red  crystalline  mass  of  4Na20.6Co0.25Mo03.68H20,  by  evaporating  over  sul- 
phuric acid  the  filtrate  from  a soln.  of  a mol  of  sodium  paramolybdate,  and  3 mols  of 
cobaltous  chloride. 

G.  A.  Barbieri  2 prepared  a couple  of  complex  rhodic  molybdates  analogous  to 
to  be  those  obtained  with  tervalent  aluminium,  chromium,  iron,  and  cobalt.  These 
are : ammonium  rhodic  dodecamolybdate,  3(NH4)20.Rh203.12Mo03.20H20,  or 
(NH4)3H6[Rh(Mo04)6].7H20,  in  minute,  yellow  plates ; and  potassium  rhodic 
dodecamolybdate,  3K20.Rh203.12Mo03.20H20,  or  K3H6[Rh(Mo04)6].7H20,  also 
in  small  yellow  plates. 

E.  Marckwald 3 prepared  nickel  tetradecamolybdate,  5Ni0.14Mo03.70H20, 
front  the  mother-liquor  of  the  8:6:  31-molybdate.  The  green  crystals  are  sparingly 
soluble  in  cold  water  and  easily  soluble  in  hot  water.  When  recrystallized  from 
water,  the  57-hydrate  is  produced.  G.  Wempe  prepared  lithium  hexadeca- 
molybdate,  Li2Mo16049.9.5H20,  by  treating  a mol  of  normal  lithium  molybdate 
with  1-5  mols  of  hydrochloric  acid.  The  precipitate  first  formed  redissolves,  and 
the  soln.  deposits,  on  standing,  rhombohedral  crystals  which  are  probably  triclinic. 
They  dissolve  in  warm  water  ; and  melt  when  strongly  heated.  L.  F.  Svanberg 
and  H.  Struve  described  a commercial  sodium  molybdate  which  approximated 
sodium  hexadecamolybdate,  Na20.16Mo03.9H20  ; and  F.  Ullik  prepared  it  by 
boiling  for  a long  time  a rather  cone.  soln.  of  sodium  molybdate  with  nitric  acid 
of  sp.  gr.  1-5.  The  composition  of  the  white  precipitate  seemed  to  be  independent 
of  the  relative  proportions  of  the  constituents.  It  should  be  washed  with  dil. 
nitric  acid  because  it  is  peptized  by  water  alone.  When  the  salt  is  treated  with 
sodium  carbonate,  it  forms  the  octomolybdate.  F.  Ephraim  and  H.  Herschfinkel 
boiled  an  acid  caesium  molybdate  with  nitric  acid  of.  sp.  gr.  1-20  and  obtained  a 
yellow,  amorphous  substance  to  which  the  formula  for  caesium  hexadecamolybdate, 
Cs2O.l6MoO3.8H2O,  was  assigned.  F.  Ullik  regarded  this  product  as  2Na20. 
16Mo03.8H20,  a polymerized  form  of  the  octohydrate.  F.  Ullik  also  prepared 
magnesium  hexadecamolybdate,  MgO.16MoO3.30H2O,  in  an  analogous  manner. 
The  microscopic  crystals  are  sparingly  soluble  in  cold  water,  but  easily  soluble  in 
hot  water.  The  salt  loses  water  when  heated,  and  melts  with  decomposition  at  a 
dull  red-heat.  If  a mixture  of  eq.  proportions  of  soln.  of  ammonium  paramolybdate 
and  nickelous  chloride  be  evaporated  in  the  cold,  ammonium  nickelous  hexadeca- 
molybdate, 6(NH4)20.3Ni0.16Mo03.29H20,  is  formed  in  green  crystals,  which  are 
sparingly  soluble  in  cold  and  readily  soluble  in  hot  water  without  decomposition. 
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E.  Marckwald  also  evaporated  a soln.  with  a great  excess  of  nickelous  chloride 
and  obtained  ammonium  nickelous  henitricontamolybdate,  8(NH4)20.6Ni0. 
31Mo03.63H20  ; and  the  mother-liquor  from  the  decamolybdate  furnishes 
ammonium  nickelous  tetratricontamolybdate,  3(NH4)2O.9NiO.34MoO3.120H2O. 
R.  D.  Hall  prepared  ammonium  nickelous  hexadecamolybdate,  5(NH4)20.3Ni0. 
16Mo03.16H20,  by  heating  a soln.  of  nickelous  sulphate  and  ammonium  molybdate 
with  hydrogen  dioxide ; and  also  potassium  nickelous  hexadecamolybdate, 
5K20.3Ni0.16Mo03.21H20,  from  a soln.  of  potassium  paramolybdate  and  nickelous 
sulphate  alone  or  in  the  presence  of' hydrogen  dioxide,  chlorine,  and  bromine. 

According  to  G.  A.  Barbieri,4  rhodium  forms  complex  molybdates  analogous  to 
the  tervalent  aluminium,  iron,  chromium,  and  cobalt  complexes.  Thus,  ammonium 
rhodic  dodecamolybdate,  3(NH4)2O.Rh2O3.12MoO3.20H2O,  forms  yellow  laminae, 
and  similarly  with  potassium  rhodic  dodecamolybdate,  3(NH4)20.Rh203.12Mo03. 
20H20. 

G.  Canneri  5 obtained  a series  of  hypomolybdatomolybdates  by  heating  for  a 
long  time  a mixture  of  hydroxylamine  chloride  and  a soln.  of  an  alkali  molybdate. 
The  salts  are  constituted  : 

R4[(Mo206)(Mo207)2].rcH20. 

The  red  salt,  ammonium  hypomolybdatomolybdate,  2(NH4)20.Mo205.4Mo03.8H20, 
forms  a red  soln.  with  water;  sodium  hypomolybdatomolybdate,  2Na20.Mo205. 
4MoO3.10H2O,  is  brick-red ; red  potassium  hypomolybdatomolybdate,  2K20. 

Mo205.4Mo03.5H20,  forms  an  orange-red  soln.  with  water. 

C.  G.  Grossup 6 prepared  germanomolybdic  acid,  H8[Ge(Mo207)6].25H20, 
analogous  to  silicomolybdic  acid. 

Five  grrns.  of  germanic  oxide  were  dissolved  in  200  ml.  of  water  containing  7 grins,  of 
sodium  hydroxide,  and  the  soln.  brought  to  boiling,  whereupon  70  grms.  of  molybdic  oxide 
were  slowly  added  with  stirring.  Rapid  dissolution  of  the  molybdic  oxide  took  place  until 
about  half  the  amount  had  been  added.  Almost  complete  precipitation  occurred  at  this 
point,  followed  by  re-solution  with  continued  addition  of  the  molybdic  oxide.  An  intense 
yellow  colour  developed  after  this  mid-point  of  reaction.  Gentle  boiling  was  continued 
for  five  minutes,  the  soln.  filtered  and  allowed  to  cool.  Several  hundred  ml.  of  ether  were 
added,  followed  by  an  excess  of  cold  9A-H2S04.  An  intermediate  turbidity  disappeared 
when  sufficient  acid  had  been  added.  Heavy  yellow  oily  drops  separated  and  settled, 
forming  the  third  layer  common  to  such  extractions.  This  lower  layer — an  ether  soln. 
of  the  complex  acid — was  removed  and  evaporated  at  40°.  After  powdering,  the  residue 
was  dissolved  in  a small  vol.  of  water  and  the  extraction  with  ether  and  sulphuric  acid 
repeated.  The  ether  was  removed  as  before,  the  residue  dissolved  in  water,  the  soln. 
filtered,  and  then  allowed  to  crystallize  at  room  temp.  (18°-28°).  The  major  portion  of 
mother-liquor  was  removed  by  filtration  and  the  crystals  dried  as  rapidly  as  possible  by 
pressing  between  filter  paper,  after  which  they  were  kept  in  tightly  stoppered  weighing 
bottles  or  weighed  out  at  once  for  analysis.  In  spite  of  the  high  solubility,  the  soln. 
crystallized  well. 

A guanidine  salt,  (CN3H5)4H4[Ge(Mo207)6],  was  prepared. 
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§ 16.  Permolybdic  Acid  and  Permolybdates 

R.  Brandes,1  G.  C.  Wit  stein,  and  L.  F.  Svanberg  and  H.  Struve  reported 
hyperacid  molybdates,  but  they  probably  meant  polymolybdates  and  not  permolyb- 
dates as  these  terms  are  understood  to-day.  G.  Werther  observed  that  acid  soln. 
of  the  molybdates,  when  treated  with  hydrogen  dioxide,  give  a yellow  coloration 
which,  according  to  C.  Barwald,  is  not  extracted  by  ether,  and  which,  according  to 
G.  Deniges,  is  not  affected  by  heating  the  liquid.  The  analytical  possibilities  of 
the  reaction  were  discussed  by  L.  Schonn,  A.  Weller,  L..  Crismer,  G.  Deniges, 
A.  C.  Stark,  etc.  T.  Fairley  showed  that  the  colour  is  due  to  the  formation  of  per- 
molybdic acid  or  acids  in  soln.  The  yellow,  or  orange-yellow  acid  soln.  gradually 
deposits  an  insoluble  yellow  compound.  E.  Pechard  said  that  permolybdic  acid, 
HMo04,  or  Moo07.5H20,  is  isolated  by  decomposing  the  barium  salt  with  sulphuric 
acid ; by  heating  dihydrated  molybdenum  tri oxide  with  a soln.  of  hydrogen 
dioxide  ; or,  by  the  action  of  hydrogen  dioxide  on  molybdenum,  or  its  blue  oxide. 
If  the  soln.  obtained  by  one  of  these  methods  is  evaporated  in  vacuo  at  ordinary 
temp.,  it  yields  a yellow,  crystalline  powder,  soluble  in  water.  The  aq.  soln. 
can  be  boiled  without  decomposition  ; with  hydrochloric  acid  there  is  an 
evolution  of  chlorine.  Reducing  agents  like  stannous  chloride  and  ferrous  sulphate 
first  yield  molybdenum  trioxide,  and  then  the  blue  oxide.  At  100°,  the  acid  loses 
4H20,  and,  at  a higher  temp.,  it  simultaneously  loses  both  the  remaining  water 
and  oxygen.  The  composition  of  the  salts  shows  that  the  acid  is  monobasic,  and 
this  is  all  in  agreement  with  the  formula  HMo04.2H20.  The  direct  neutralization 
of  permolybdic  acid  by  sodium  hydroxide  develops  +24-2  Cals.,  and  by  potassium 
hydroxide  +24-0  Cals.  The  action  of  sulphuric  acid  on  sodium  permolybdate 
develops  +6-9  Cals.,  and  the  result  is  the  same  whether  the  sulphuric  acid  is  added 
all  at  once  or  in  successive  portions.  The  whole  of  the  molybdic  acid  is  not  displaced, 
but  a very  acid  molybdate  is  formed,  its  formation  corresponding  with  the  evolution 
of  0-6  Cal.  The  action  of  hydrogen  dioxide  on  a mixture  of  sodium  molybdate  with 
sulphuric  acid  in  mol.  proportion  develops  +5-4  Cals.,  a quantity  which  may  be 
regarded  as  the  sum  of  the  heat  developed  by  the  decomposition  of  the  hydrogen 
dioxide  and  that  absorbed  by  the  formation  of  the  permolybdate.  It  follows  that 
the  heat  of  formation  of  the  permolybdate  is  — 16’2  Cals.  The  direct  neutralization 
of  permolybdic  acid  develops  with  sodium  hydroxide  +11-2  Cals.,  and  with 
potassium  hydroxide  11-1  Cals.  It  follows  that  permolybdic  acid  will  displace 
carbonic  acid,  but  is  itself  displaced  by  the  strong  acids.  The  action  of  alkaline 
hydroxides  on  the  permolybdates,  with  production  of  molybdates,  gives  for  the  heat 
of  formation  of  permolybdic  acid  from  molybdic  acid  —15-9  Cals.,  a number  almost 
identical  with  that  obtained  by  the  action  of  hydrogen  dioxide.  The  energy 
necessary  for  the  formation  of  the  permolybdic  acid  is  derived  from  the  decomposi- 
tion of  the  hydrogen  dioxide.  According  to  J.  Bruhat  and  H.  Dubois,  yellow  salts 
of  the  acid,  Mo207.H20,  or  HM0O4,  are  produced  by  the  action  of  perborates  on 
molybdates  ; and,  according  to  F.  Fichter  and  A.  Goldach,  permolybdic  acid  is 
produced  by  the  action  of  fluorine  on  a hydrofluoric  acid  soln.  of  molybdic  acid. 

According  to  W.  Muthmann  and  W.  Nagel,  the  analytical  methods  employed 
by  E.  Pechard  are  unsatisfactory.  What  they  called  ozotnolybdic  acid, 
H0M0O5.IAH2O,  was  obtained  by  digesting  molybdenum  trioxide  with  a 25  per  cent. 
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soln.  of  hydrogen  dioxide,  on  a water-bath,  filtering,  and  concentrating  the  filtrate 
under  reduced  press.  The  orange-red  product  is  amorphous ; it  reduces  perman- 
ganates, silver  oxide,  and  hypochlorites  ; it  liberates  halogens  from  their  hydrogen 
compounds.  The  salts — ozomolybdates — are  obtained  by  dissolving  molybdates 
in  a 25  per  cent.  soln.  of  hydrogen  dioxide  with  the  aid  of  heat.  They  believe  that 
these  salts  are  not  true  permolybdates,  for  the  heat  of  the  reaction  shows  that  the 
apparent  addition  of  oxygen  to  molybdic  acid  really  consists  in  the  replacement  of 
one  atom  of  oxygen  by  two  linked  atoms  of  oxygen  as  in  hydrogen  dioxide  or  ozone. 
Hence,  the  proposed  term  ozomolybdates,  and  ozomolybdic  acid.  L.  Pissarjewksy, 
also,  repeated  E.  Pechard’s  mode  of  preparing  permolybdic  acid,  and  when  the 
ratio  of  molybdenum  to  active  oxygen  in  the  product  was  determined  by  titration 
with  potassium  permanganate  in  sulphuric  acid  soln.,  it  was  found  to  be  1 : 1 in 
agreement  with  permonomolybdic  acid,  H2Mo05.2H20,  or  Mo03.H202.2H20. 
J.  B.  Cammerer  also  found  that  when  purified  molybdenum  trioxide  is  boiled  with  a 
soln.  of  hydrogen  dioxide,  it  gradually  dissolves  with  the  evolution  of  oxygen. 
When  the  yellow  liquid  is  evaporated  spontaneously,  a thickish  orange-red  mass 
is  obtained,  and  this  can  be  dried  to  a yellow  powder.  The  analysis  corresponds 
with  2Mo03.H20.H202.  The  hydrogen  dioxide  cannot  be  expelled  by  heat  at 
100°.  The  powder  is  sparingly  soluble  in  cold  water,  but  is  freely  soluble  in  hot 
water.  The  compound  is  not  precipitated  when  the  soln.  in  hot  water  is  cooled. 
The  aq.  soln.  reacts  strongly  acid  ; it  combines  with  acids  to  form  nearly  colourless 
products  ; and  decomposes  alkaline  carbonates  forming  colourless  salts. 

J.  Brode  measured  the  distribution  of  hydrogen  dioxide  between  ether  and  an 
acid  soln.  of  molybdate.  The  result  is  independent  of  the  amount  of  hydrogen 
dioxide  and  of  the  cone,  of  the  acid  being  always  in  the  proportion  Mo03  : H202 
=1  : 2.  In  the  presence  of  an  excess  of  hydrogen  dioxide,  the  soln.  contains 
H2Mo06=Mo02(O0H)2  ; the  intensity  of  the  coloration  with  the  gradual  addition 
of  hydrogen  dioxide  reaches  a maximum  when  the  ratio  is  1 : 1.  This  is  taken  to 
mean  that  the  soln.  contains  H2Mo05=Mo02(OH)(OOH).  L.  Pissarjewsky  also 
found  the  thermal  effect,  Q Cals.,  of  dissolving  molybdenum  trioxide  in  aq. 
hydrogen  dioxide,  to  be  : 

Mols  H202  per  mol  Mo03  1 2 3 5 

Heat  developed,  Q . 8-08  12-33  12-33  12-44  Cals. 

The  first  reaction  is  assumed  to  be  H2Mo04+H202=H2Mo05-f-  H20+8084  cals. ; 
and  the  second  H2Mo05+H202=H2Mo06+H20-|-4300  cals.  Additions  of  hydro- 
gen dioxide  to  the  second  acid  have  no  thermal  effect.  Consequently,  the  heats 
of  formation  of  the  two  permolybdic  acids  are  (H2Mo04,0)=13-516  Cals. ; 
(H2Mo04,20)=30,812  Cals. ; and  (H2Mo05,0)=17-295  Gals.  The  heat  of  neutraliza- 
tion of  permolybdic  acid,  H2Mo05,  with  2NaOH  is  13,248  Cals.  A.  Mazzucchelli 
and  G.  Zangrilli  measured  the  f.p.  of  the  permolybdic  acids  produced  by  adding 
successive  quantities  of  hydrogen  dioxide.  The  results  show  that  the  number  of 
dissolved  molecules  increases  only  slightly  until  the  ratio  Mo03  : H202  is  approxi- 
mately 1:1;  and  after  the  formation  of  H2Mo06  is  completed  a further  quantity 
of  hydrogen  dioxide  enters  into  combination.  Owing  to  dissociation,  and  the 
formation  of  colloidal  complexes,  the  results  are  not  very  reliable.  A.  Mazzucchelli 
and  C.  Barbero  found  that  hydrogen  dioxide  in  a soln.  of  a mol  of  Mo03  in  10  litres 
of  N-H2S04,  gives  an  oxidation  potential  of  1-008  to  1-025  volts  with  platinum 
electrodes. 

The  general  results  show  that  there  are  two  permolybdic  acids  : permono- 
molybdic  acid,  H2Mo05,  or  Mo03.H202,  and  perdimolybdic  acid,  H2Mo06,  or 
Mo03.2H202,  whose  constitutions,  according  to  L.  Pissarjewsky,  can  be  written  : 


HO\ 

HO/ 


MoO 


/<? 

\0 


HO\ 

HO/ 


Mo 


or 


HO.O\ 

HO/ 


MoO 


/O 

\0 


Dipermolybdic  acid,  H2MoOe 


Monopermolybdic  acid,  H2MoOs 
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They  can  also  be  formulated  : 


HO.O\ 

HO/ 


Mo 


/O 

\0 


Monopermolybdic  acid,  H2Mo05 


HO.O 

HO.O 


yMo 


/O 

\0 


Dipermolybdic  acid,  H2MoO„ 


According  to  A.  Mazzucchelli  and  G.  Zangrilli,  if  potassium  dihydroarsenato- 
molybdate  be  dissolved  in  water  and  treated  with  hydrogen  dioxide,  and  the  liquid 
allowed  to  stand  for  some  time,  an  orange-yellow  powder  of  potassium  mono- 
permolybdate,  K2Mo05.3H20,  is  formed.  It  is  almost  insoluble  in  cold  water, 
and  the  colloidal  soln.  is  opalescent,  but  it  becomes  clear  when  the  water  is  warmed. 
P.  G.  Melikoff  and  L.  Pissarjewksy  treated  a cold  soln.  of  this  salt  with  a soln.  of 
potassium  hydroxide  and  hydrogen  dioxide,  and  added  alcohol  to  the  red  liquid. 
The  pale  brick-red  precipitate  of  potassium  dipermolybdate,  K2Mo06.H20,  or 
K202.H202.Mo03,  becomes  yellow  when  exposed  to  air,  and  oxygen  is  given  off. 
The  compound  explodes  when  triturated  ; and  gives  off  oxygen  when  treated  with 
water.  W.  Muthmann  and  W.  Nagel  found  the  salt  too  unstable  to  analyze  satis- 
factorily. The  corresponding  sodium  dipermolybdate  could  not  be  obtained 
pure  enough  for  analysis. 

C.  Barwald  suggested  complex  formulae  for  the  permolybdates  which  he  prepared, 
but,  according  to  W.  Muthmann  and  W.  Nagel,  these  formulae  are  very  unlikely. 
A.  Mazzucchelli  and  G.  Zangrilli  studied  complexes  of  the  permolybdates  and 
oxalates ; and  A.  Mazzucchelli  and  C.  Ranucci,  complexes  with  organic  acids. 
A.  Piccini,  and  P.  Kasanezky  obtained  fluoroxypermolybdates  as  indicated  below. 

The  permolybdates  can  be  very  roughly  classed  by  means  of  the  ratio  R20  : Mo 
=1  : 1 ; 1:2;  3:7;  1:3;  3:10;  and  1:4.  J.  Moller  reported  anhydrous 
ammonium  permolybdate,  NH4Mo04,  to  be  formed  by  the  action  of  hydrogen 
dioxide  on  ammonium  paramolybdate,  and  drying  the  product  in  vacuo.  A.  Fock 
gave  for  the  axial  ratios  of  the  monoclinic  prisms  a :b  : c=0-4693  : 1 : 0-2956,  and 
/?=112°  37-5'.  E.  Pechard  said  that  by  evaporating  the  soln.  in  vacuo,  the  dihydrate 
is  formed  in  yellow  monoclinic  prisms  which,  according  to  H.  Dufet,  have  the  axial 
ratios  a : b : c=l-4682  : 1 : 1-0259,  and  /3=105°  45'.  J.  Moller  found  that  the 
f.p.  of  aq.  soln.  of  0-6353,  1-0807,  and  1-1406  grms.  per  100  grms.  of  water  are, 
respectively,  —0-65°,  -0-110°,  and  —0-113°;  whilst  the  electrical  conductivities  of 
aq.  soln.  of  a mol  of  the  salt  in  15-65, 16-6,  and  28-14  litres  of  water  are,  respectively, 
67-88,  88-12,  and  109-01.  The  data  are  taken  to  mean  that  the  mol.  wt.  corresponds 
with  the  doubled  formula  (NH4)2Mo208.  As  indicated  above,  W.  Muthmann  and 
W.  Nagel  consider  that  both  E.  Pechard’s,  and  J.  Moller’s  analyses  are  wrong — vide 
infra.  E.  Pechard  said  that  the  salt  swells  up  and  decomposes  when  heated.  It 
is  sparingly  soluble  in  water,  but  more  soluble  in  alcohol.  Alcohol  extracts  the  salt 
from  its  aq.  soln.  J.  Moller  obtained  anhydrous  potassium  permolybdate,  KMo04, 
by  the  action  of  20  per  cent,  hydrogen  dioxide  on  powdered  potassium  trimolybdate 
which  has  been  fused.  The  orange-coloured  soln.  deposits  crystals  of  the  salt  in  a 
few  days.  J.  Moller  preferred  the  doubled  formula.  E.  Pechard  reported  the 
dihydrate.  W.  Muthmann  and  W.  Nagel  consider  that  the  analyses  of  both 
J.  Moller,  and  E.  Pechard  are  wrong — vide  infra.  E.  Pechalrd  said  that  the  crystals 
of  the  dihydrate  are  monoclinic  prisms.  The  salt  does  not  change  its  vol.  when 
heated  ; and  it  decomposes.  It  is  sparingly  soluble  in  cold  water,  and  more 
soluble  in  hot  water ; the  aq.  soln.  is  stable  at  ordinary  temp.,  but,  when  boiled, 
it  deposits  potassium  dimolybdate.  It  behaves  like  the  ammonium  salt  towards 
alcohol.  P.  Blackman  gave  for  the  conductivity,  /x,  of  £K2Mo04  in  v litres  of 
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E.  Pechard  reported  sodium  permolybdate,  NaMo04.3H20,  to  be  formed  by  dissolv- 
ing the  dimolybdate  in  hydrogen  dioxide  and  evaporating  the  soln.  in  vacuo.  The 
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yellow,  prismatic  crystals  begin  to  melt  in  their  water  of  crystallization,  and  near 
200°,  oxygen  is  given  off.  The  salt  is  sparingly  soluble  in  water,  and  insoluble  in 
alcohol.  E.  Pechard  prepared  copper  permolybdate,  Cu(Mo04)2.H20,  by  double 
decomposition  of  the  ammonium  salt  with  a soln.  of  a cupric  salt.  The  greenish- 
yellow  powder  is  insoluble  in  water ; soluble  in  aq.  ammonia  ; and  freely  soluble 
in  acids.  The  soln.  in  hydrochloric  acid  slowly  evolves  chlorine  in  the  cold.  It 
decomposes  when  heated.  E.  Pechard,  and  C.  Barwald  similarly  prepared  silver 
permolybdate,  AgMo04,  in  yellow,  microscopic  octahedra,  which  give  off  oxygen 
when  heated.  E.  Pechard  reported  barium  permolybdate,  Ba(Mo04)2.2H20,  to 
be  formed  from  a soln.  of  barium  dimolybdate  in  hydrogen  dioxide,  or  by  warming 
at  80°  a soln.  of  ammonium  permolybdate  and  barium  chloride.  The  yellow, 
microscopic  octahedra  are  decomposed  when  heated.  C.  Barwald  reported  mono- 
clinic prisms  of  the  composition  8Ba0.19Mo03.2H202.13H20  to  be  formed  by  the 
action  of  barium  chloride  soln.  on  7(NH4)20.18Mo03.3H202.llH20.  The  analysis 
is  thus  a close  approximation  to  that  of  E.  Pechard’s  salt.  E.  Pechard  obtained 
magnesium  permolybdate,  Mg(MoO4)2.10H2O,  by  a process  like  that  used  for  the 
barium  salt.  The  needle-like  crystals  melt  at  70°,  and  decompose  at  about  200°. 
The  salt  is  sparingly  soluble  in  water,  and  less  so  in  alcohol.  E.  Pechard  prepared 
by  double  decomposition  mercurous  permolybdate,  HgMo04,  as  an  orange-yellow 
powder  insoluble  in  a soln.  of  ammonium  nitrate  ; and  similarly  also  with  thallous 
permolybdate,  which  is  a yellow  powder,  insoluble  in  water,  and  which  melts 
with  the  evolution  of  oxygen. 

W.  Muthmann  and  W.  Nagel  prepared  ammonium  perparamolybdate, 
3(NH4)20.7Mo04.12H20,  by  saturating  a 20  per  cent.  soln.  of  hydrogen  dioxide 
with  ammonium  paramolybdate,  and  evaporating  the  yellowish-red  liquid.  The 
orange-red,  monoclinic  crystals  can  be  recrystallized  from  a soln.  in  a small  propor- 
tion of  water,  but  they  are  completely  decomposed  at  105°.  The  graphic  formula 
for  the  orange-red  salt  is  : 

0.0  0.0  0.0  0.0  0.0  0.0  0.0 

\/  \/  \/  \/  \/  \/  \/ 

Mo-O-Mo-O-Mo-O-Mo-O-Mo-O-Mo-O-Mo 

(onh4)3  6 6 6 6 6 (Onh4)3 

Another  salt,  3(NH4)20.5Mo03.2Mo04.6H20,  was  prepared  by  W.  Muthmann  and 
W.  Nagel  by  evaporating  the  mother-liquor.  The  salt  decomposes  at  170°.  The 
formula  for  the  lemon-yellow  salt  is  : 

0.0  0.0 

/ 0 O 0 0 .0  \/ 

Mo-O-Mo-O-Mo-O-Mo-O-Mo-Mo-O-Mo-O-Mo 

(onh4)3  6 6 6 6 6 (onh4)3 

It  is  probable  that  the  salt  prepared  by  C.  Barwald  by  the  action  of  a dil.  soln.  of 
hydrogen  dioxide  on  ammonium  paramolybdate  which  he  represented  by 
14NH3.18Mo03.3H202.18H20,  as  well  as  that  prepared  by  E.  Pechard,  as  in- 
dicated above,  and  represented  by  the  formula  NH4Mo04.2H20,  are  impure  forms 
of  the  perparamolybdate.  In  addition  to  the  properties  just  indicated,  C.  Barwald 
said  that  the  sp.  gr.  of  the  crystals  is  2-975,  and  that  of  the  soln.  sat.  at  17-4°  is 
1-486.  A.  Mazzucchelli  and  C.  Barbero  found  that  the  oxidation  potential  with  a 
2A-soln.  and  platinum  electrodes  is  0-827  to  0-841  volt.  W.  Muthmann  and 
W.  Nagel  obtained  yellow,  monoclinic  crystals  of  rubidium  perparamolybdate, 
3Rb<>0.5Mo03.2Mo04.6H20,  from  a soln.  of  rubidium  paramolybdate  in  5 per 
cent,  hydrogen  dioxide. 

W.  Muthmann  and  W.  Nagel  reported  potassium  pertrimolybdate, 
K20.2Mo03.Mo04.3H20,  to  be  formed  by  evaporation  over  phosphorus  pentoxide  of 
a soln.  of  potassium  trimolybdate  in  20  per  cent,  hydrogen  dioxide.  A salt  prepared 
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in  a similar  manner  by  the  action  of  dil.  or  cone.,  cold  or  hot  hydrogen  dioxide  on 
potassium  paramolybdate  was  represented  by  C.  Barwald  by  6K20.16Mo03. 
4H202.13H20 ; and  the  salt,  indicated  above,  prepared  by  E.  Pechard,  and 
represented  by  KMo04.2H20,  was  probably  this  compound.  The  yellow  crystals 
have  the  properties  indicated  above.  J.  Moller  found  that  soln.  of  1-0144,  1-0892, 
and  1-6058  grms.  of  the  salt  in  100  grms.  of  water  have  the  respective  f.p.  —0-086°, 
+0-101°,  and  -0-138°;  and  the  electrical  conductivities  of  soln.  with  12-49, 
18-32,  and  19-67  mols  KMo04  per  litre  are,  respectively,  85'4,  90'5,  and  92-1. 
W.  Muthmann  and  W.  Nagel  prepared  rubidium  pertrimolybdate,  Rb20.2Mo03. 
Mo04.3H20,  from  the  mother-liquor  of  the  3 : 10-salt.  The  lemon-yellow,  mono- 
clinic crystals  effloresce  in  air. 

W.  Muthmann  and  W.  Nagel  prepared  rubidium  pertetramolybdate, 

Rb20.3Mo03.Mo04.4H20,  by  allowing  a dil.  soln.  of  rubidium  trimolybdate  in 
5 per  cent,  hydrogen  dioxide  to  stand  for  some  time.  Pale,  lemon-yellow  crystals 
are  formed.  A hot  soln.  of  caesium  tetramolybdate  in  25  per  cent,  hydrogen 
dioxide  gives  orange-red,  amorphous  caesium  pertetramolybdate,  Cs20.4Mo04.6H20. 
When  the  soln.  in  hot  water  is  rapidly  cooled,  it  deposits  the  salt  unchanged. 

W.  Muthmann  and  W.  Nagel  digested  10  grms.  of  anhydrous  rubidium  tri- 
molybdate  with  30  c.c.  of  warm,  25  per  cent,  hydrogen  dioxide,  and  allowed  the  liquid 
to  stand  over  sulphuric  acid  for  24  hrs.  The  resulting  yellowish-red,  amorphous 
mass  of  rubidium  perdecamolybdate,  3Rb20.10Mo04.14H20,  was  washed  with 
alcohol  and  ether.  The  evaporation  of  the  mother-liquor  obtained  in  the  prepara- 
tion of  caesium  pertetramolybdate  furnished  yellow  crystals  of  caesium  perdeca- 
molybdate, 3Cs20 . 7Mo03. 3Mo04.4H20  . 
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§ 17.  Molybdenum  Fluorides 

J.  J.  Berzelius1  obtained  an  aq.  soln.  of  molybdenum  trifluoride  by  dissolving 
hydrated  molybdic  oxide  in  hydrofluoric  acid  ; the  liquid  forms  a sticky,  soluble, 
purple-red  mass  when  evaporated,  and  when  heated'  becomes  brown  and  is  then  no 
longer  soluble  in  water.  Neither  the  anhydrous  salt  nor  a hydrate  has  been  obtained 
solid.  A.  Rosenheim  and  H.  J.  Braun  added  ammonium  fluoride  to  a soln.  of 
potassium  molybdenum  fluoride  in  hydrochloric  acid,  and  obtained  ammonium 
molybdenum  tetrafluoride,  (NH4)MoF4.H2(),  as  a violet  precipitate,  which  is  more 
soluble  than  the  potassium  salt,  and  is  hydrolyzed  by  water.  If  the  violet  soln. 
of  this  salt  is  allowed  to  stand  over  sulphuric  acid,  bluish-violet  crystal  plates  of 
VOL.  xx.  2 R 
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ammonium  molybdenum  enneafluoride,  2MoF3.3NH4F,  or  (NH4)3Mo2F9,  are 
formed.  This  salt  is  readily  hydrolyzed  by  water.  J.  J.  Berzelius  observed  that 
a rose-red  precipitate  is  formed  when  potassium  fluoride  is  added  to  a soln.  of 
molybdenum  trifluoride.  By  electrolyzing  soln.  of  molybdenum  trioxide  in  cone, 
hydrofluoric  acid,  using  a mercury  cathode  and  adding  the  alkali  fluorides  to  the 
soln.,  A.  Rosenheim  and  T.  H.  Li  prepared  ammonium  molybdenum  enneafluoride, 
(NH4)3Mo2F9.2H20,  as  well  as  potassium  molybdenum  enneafluoride,  K3Mo2F9.2H20. 
A.  Rosenheim  and  H.  J.  Braun  obtained  potassium  molybdenum  tetrafluoride, 
KMoF4.H20,  by  the  electro-reduction  of  a soln.  of  molybdenum  trioxide  in  hydro- 
chloric acid,  and  adding  potassium  fluoride  to  the  liquor.  The  violet  crystalline 
precipitate  is  gradually  decomposed  by  water.  It  was  not  possible  to  prepare 
sodium  molybdenum  tetrafluoride  pure  enough  to  justify  analysis. 

J.  J.  Berzelius  obtained  a red  soln.  of  molybdenum  tetrafluoride,  MoF4,  by  the 
action  of  hydrofluoric  acid  on  hydrated  molybdenum  dioxide.  When  slowly 
evaporated,  the  liquid  becomes  blue  if  the  acid  is  not  in  excess,  and  it  leaves  a 
black  crystalline  residue  which  forms  a red  soln.  with  water.  It  is  decomposed  if 
more  strongly  heated.  The  blue  molybdenum  oxide  gives  a blue  soln.  with  hydro- 
fluoric acid,  which  does  not  crystallize.  Complex  salts  have  not  been  reported  ; 
although  J.  J.  Berzelius  observed  that  a precipitate  is  formed  when  potassium 
fluoride  is  added  to  the  soln. 

According  to  0.  Ruff  and  F.  Eisner,2  they  could  not  prepare  molybdenum  penla- 
fluoride,  MoF5 ; but  molybdenum  hexafluoride,  MoF6,  can  be  obtained  by  the 
action  of  hydrogen  fluoride  on  molybdenum  pentachloride,  as  well  as  from  molyb- 
denum pentachloride  and  antimony  pentafluoride.  It  is  best  obtained  by  the 
action  of  fluorine  on  finely-divided  molybdenum  at  60°  to  70°,  and  collecting  the 
product  in  a glass  receiver  at  —70°.  It  can  be  purified  by  redistillation.  The 
white  crystalline  mass  has  a m.p.  of  17°,  and  a b.p.  of  35°  at  760  mm.  It  is  not 
affected  by  air.  It  is  easily  reduced  to  a blue  fluoride  ; the  presence  of  dust  from 
the  air  is  sufficient  for  this  purpose.  It  forms  a colourless  soln.  with  an  excess  of 
water ; moist  air,  or  a little  water,  forms  a blue  molybdenum  oxide.  The  salt  does 
not  react  with  chlorine  ; but  with  iodine  it  forms  a brown  product ; it  forms  an 
orange  product  with  sulphur  ; and  it  is  indifferent  towards  sulphur  dioxide.  It 
reacts  vigorously  with  gaseous  ammonia,  forming  a brown  powder.  It  is  absorbed 
by  aq.  ammonia ; with  phosphorus  it  forms  a pale  blue  substance,  and  it  reacts 
with  phosphorus  trichloride  and  with  phosphoryl  chloride  ; it  forms  yellowish- 
brown  crystals  with  arsenic  trichloride  ; and  it  also  reacts  with  antimony  penta- 
chloride. It  is  reduced  by  organic  substances — like  paraffin,  blotting  paper,  animal 
skin,  etc. — and  becomes  indigo-blue.  Metals — copper,  lead,  iron,  etc. — react  forming 
coloured  substances  ; but  gold,  and  platinum  have  no  action.  It  is  absorbed  by 
alkali-lye,  and  forms  complex  salts  with  alkali  fluorides,  but  they  have  not  been 
described.  N.  V.  Sidgwick  discussed  the  electronic  structure  of  this  salt. 
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§ 18.  Molybdenum  Oxyfluorides 

W.  Wardlaw  and  R.  L.  Wormell 1 prepared  a salt  of  tervalent  molybdenum, 
namely,  molybdenyl  fluoride,  Mo0F.31H20,  or  Mo0F.4H20,  by  double  decomposi- 
tion of  the  oxychloride  with  ammonium  fluoride  in  an  air-free,  aq.  soln.  The 
insoluble,  buff-coloured  precipitate  has  similar  properties  to  the  corresponding 
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chloride  and  bromide,  [MoOR.4H20].  The  solubility,  and  ease  of  hydrolysis  increase 
with  increasing  at.  wt.  of  the  halogen  atom.  The  univalent  molybdenyl  radical, 
MoO,  appears  to  persist  in  aq.  soln.  The  oxygen  atom  seems  to  be  firmly  attached 
to  the  molybdenum  nucleus  and  the  whole  behaves  like  a univalent  metal.  This 
conception  is  supported  by  the  existence  of  other  insoluble  molybdenyl  salts,  such 
as  the  benzoate,  phosphate,  salicylate. 

The  salt  of  quinquevalent  molybdenum,  molybdenum  oxytrifluoride,  MoOF3, 
has  not  been  prepared.  There  is  some  doubt  whether  the  molybdenum  trioxytetra- 
fluoride,  Mo203F4,  of  E.  F.  Smith  and  Y.  Oberholtzer  contains  quinquevalent  or 
sexivalent  molybdenum.  It  was  obtained  in  red,  needle-like  crystals,  by  the  action 
of  hydrogen  fluoride  on  molybdenum  trioxide  at  300°  to  400°.  It  attacks  glass  ; 
and  gradually  decomposes,  forming  blue  oxide.  It  is  deliquescent,  and  easily 
soluble  in  hydrofluoric  acid,  but  not  in  water.  Indications  of  other  products  were 
obtained.' 

Although  molybdenum  oxytrifluoride  is  unknown,  a number  of  complex  salts 
has  been  prepared.  These  are  of  two  types : 5RF.3MoOF3,  and  2RF.MoOF3. 
F.  Mauro  found  that  a soln.  of  ammonium  molybdenum  oxypentafluoride  in  hot 
hydrofluoric  acid,  when  concentrated  and  cooled,  furnishes  sky-blue  needles  of 

ammonium  molybdenum  trioxytetradecafluoride,  5NH4F.3Mo0F3.H20,  which, 
under  the  microscope,  appear  as  hexagonal  crystals.  The  salt  is  decomposed  by 
water,  and  acts  as  a reducing  agent.  The  crystals  are  isomorphous  with  the 
corresponding  sexivalent  salt,  5NH4F.3Mo02F2.H20.  The  analogous  potassium 
molybdenum  trioxytetradecafluoride,  5KF.3Mo0F3.H20,  was  prepared  in  a 
similar  manner. 

F.  Mauro  and  R.  R.  Panebianco  dissolved  molybdenum  dioxide  in  hydrofluoric 
acid  and  added  ammonia  until  the  soln.  became  brownish-red  ; hydrofluoric  acid 
was  then  added  until  the  soln.  became  green.  The  liquid  was  then  evaporated 
when  sky-blue  plates  of  ammonium  oxypentafluomolybdate,  2NH4F.MoOF3,  or 
(NH4)2[MoOF5],  were  formed.  A soln.  of  this  salt  was  also  obtained  by  the  electro- 
lysis of  2NH4F.Mo02F2.  E.  Scacchi  gave  for  the  axial  ratios  of  the  rhombic 
bipyramids  a : b : c=0-4214  : 1 : 1-0260.  The  crystals  are  isomorphous  with  those 
of  2NH4F.Mo02F2.  L.  P.  Liechti  and  B.  Kempe  observed  that  the  addition  of 
molybdenum  pentachloride  to  a soln.  of  potassium  fluoride  gives  a precipitate 
presumably  potassium  oxypentafluomolybdate,  2KF.MoOF3.H20,  a salt  obtained 
by  F.  Mauro  by  adding'  potassium  fluoride  to  a soln.  of  hydrated  molybdenum 
dioxide  in  hydrofluoric  acid  ; and  also  by  the  electrolysis  of  a soln.  of  2KC1.Mo02F2. 
E.  Scacchi  gave  for  the  axial  ratios  of  the  monoclinic  prisms,  a : b : c 
=0-9997  : 1 : 1-0320,  and  /3=99°  4'.  The  (OlO)-cleavage  is  indistinct.  F.  Mauro 
added  that  the  salt  changes  very  little  on  exposure  to  air,  and  when  heated,  it 
gives  off  water,  etc.,  forming  normal  potassium  molybdate.  The  salt  is  decomposed 
by  water  or  dil.  hydrochloric  acid,  but  not  by  dil.  hydrofluoric  acid.  It  reduces 
soln.  of  salts  of  copper,  silver,  and  gold.  F.  Mauro  also  prepared  copper  molyb- 
denum pentafluomolybdate,  CuF2.MoOF3.4H20,  in  blue,  six-sided  monoclinic 
plates  which,  according  to  E.  Scacchi,  have  the  axial  ratios  a : b : c 
= 1-4745 : 1 : 1-0929,  and /3=85°  43',  and  are  isomorphous  with  CuF2.Mo02F2.4H20. 
The  salt  can  be  crystallized  unchanged  from  hydrofluoric  acid  ; but  it  is  decom- 
posed by  water.  Likewise  also  with  zinc  molybdenum  oxypentafluomolybdate, 
ZnF2.MoOF3.6H20,  which  furnishes  blue,  deliquescent  trigonal  crystals  isomor- 
phous with  ZnF2.Mo02F2.6H20,  and  with  the  axial  ratio  a : c=l : 0-5136.  F.  Mauro 
also  prepared  thallous  molybdenum  oxypentafluomolybdate,  2TlF.MoOF3,  in 
dark  green  rhombic  bipyramids  with  the  axial  ratios  a : b : c=0-4329  : 1 : 1-0295. 
The  salt  begins  to  decompose  at  240°. 

0.  Ruff  and  F.  Eisner2  said  that  molybdenum  oxytetrafluoride,  MoOF4,  is 
formed  in  the  action  of  fluorine  on  a molybdenum  oxide  ; and  they  prepared  it  by 
distilling  hydrogen  fluoride  into  a weil-cooled  vessel  containing  molybdenum 
oxytetrafluoride  ; the  product  is  warmed  to  30°,  and,  when  the  reaction  is  ended, 
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it  is  distilled  from  a sulphuric  acid  bath  at  230°.  The  white,  hygroscopic  solid 
becomes  blue  when  exposed  to  air,  and  deliquesces.  Its  sp.  gr.  is  3-001  at  20°  ; 
it  sinters  at  96°  ; melts  at  97°  to  98°  and  boils  at  about  180°.  It  dissolves  with  a 
hissing  noise  in  water,  and  forms  a colourless  soln.  ; and  similarly  with  alcohol. 
When  the  aq.  soln.  is  evaporated,  molybdenum  trioxide  remains.  The  salt  dissolves 
with  the  evolution  of  a gas  in  chloroform  and  ether,  forming  green  or  yellow  soln.  ; 
it  is  sparingly  soluble  in  benzene,  and  carbon  disulphide  ; and  insoluble  in  toluene. 
It  is  reduced  by  soln.  of  organic  substances.  With  sulphuric  acid  it  forms  a colour- 
less soln.  giving  off  hydrogen  fluoride  ; and  it  gives  brown  soln.  with  phosphorus 
trichloride,  phosphoryl  chloride,  arsenic  trichloride,  sulphur  monochloride,  and 
pyridine.  G.  Marchetti  observed  that  when  potassium  molybdate,  or  potassium 
dioxytetraftuomolybdate  is  treated  with  cone,  hydrofluoric  acid,  it  furnishes 
potassium  oxypentafluomolybdate,  KF.MoOF4,  or  K[MoOF5],  or 
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J.  J.  Berzelius  3 found  that  molybdenum  trioxide  dissolves  freely  in  hydrofluoric 
acid,  forming  a colourless  soln.  which  has  a sour,  and  metallic  taste  ; the  liquid  shows 
no  signs  of  crystallization  when  it  is  evaporated,  and  it  acquires  a green  or  blue  tinge 
owing  to  reduction  by  particles  of  organic  dust.  The  dried  mass  is  only  partially 
soluble  in  water  ; the  insoluble  portion  consists  of  molybdenum  trioxide  mixed 
with  a little  fluoride.  H.  O.  Schulze  observed  that  molybdic  acid  reacts  with  metal 
fluorides,  forming  molybdenum  dioxydifluoride,  Mo02F2  ; whilst  O.  Ruff  and 
F.  Eisner  obtained  it  by  the  action  of  hydrogen  fluoride  on  molybdenum  dioxydi- 
chloride  as  in  the  case  of  the  preparation  of  the  oxytetrafluoride  (q.v.).  The  white 
crystalline  sublimate  has  a faint  blue  tinge  ; it  has  a sp.  gr.  3-494  at  19°  ; it  begins 
to  sublime  at  265°,  and  at  271°  sublimation  rapidly  occurs.  It  is  very  hygroscopic, 
and  in  moist  air  it  forms  hydrofluoric  and  molybdic  acids.  It  forms  a colourless 
soln.  with  water  ; if  only  a small  proportion  of  water  is  used,  the  soln.  is  blue.  It 
is  also  soluble  in  methyl  and  ethyl  alcohols  ; sparingly  soluble  in  chloroform,  carbon 
tetrachloride,  and  ether ; and  insoluble  in  toluene.  The  hot  soln.  in  pyridine 
deposits  on  cooling  a white,  microcrystalline  substance.  It  is  soluble  in  sulphuryl 
chloride,  phosphorus  and  arsenic  trichlorides  ; and  in  silicon  tetrachloride — when 
these  soln.  are  warmed,  a gas  is  developed.  A number  of  oxyfluomolybdates  has 
been  prepared.  Starting  from  the  normal  molybdate,  (R0)2Mo02,  there  are  : 


Type  J. 

Type  II. 

Type  III. 

Type  IV. 

0\M  /F 
CAMo\OR 

05  05 
O O 

%/ 

0 

S 

FoXor 

F,W 

FA  \OR 

[mo  «.]» 

[m„  °»]r. 

[mo  °:]r 

[mo  °;]r. 

rf.moo3 

2RF.Mo03 

RF.M00.3F3 

2RF.M0O2F2 

Type  V. 


fa 


/F 

\OR 


RF.MoOiq 


Representatives  of  Type  I have  not  been  obtained  ; and  Type  V has  been 
discussed  above.  Type  II  is  represented  by  ammonium  trioxydifluomolybdate, 
NH4[Mo03F2],  or  2NH4F.Mo03,  which  F.  Mauro  4 obtained  by  mixing  a soln.  of  the 
dioxypentafluomolybdate  with  ammonia.  The  precipitate  is  dissolved  in  a hot 
ammoniacal  soln.  of  ammonium  fluoride,  and  the  soln.  evaporated  spontaneously  in 
air  or  over  sulphuric  acid.  The  rhombic  bipyramids  were  found  by  A.  Scacchi  to 
have  the  axial  ratios  a :b  : c=0-5746  : 1 : 0-6771  ; and  to  exhibit  twinning  and 
trilling.  U.  Alvisi  found  that  the  salt  is  insoluble  in  water,  and,  added  F.  Mauro, 
water  decomposes  the  salt.  It  is  not  changed  at  100°,  but  at  a higher  temp,  decom- 
position sets  in.  F.  Mauro  prepared  thallous  dioxytrifluomolybdate,  Tl[Mo02F3], 
or  T1F.Mo02F2,  from  a soln.  of  the  dioxytetrafluomolybdate  in  cone,  hydrofluoric 
acid.  The  salt  begins  to  decompose  at  240°.  A . Scacchi  found  that  the  monoclinic 
prisms  have  the  axial  ratios  a : b : c=0-6199  : 1 : 1-3976,  and  /J=93°  53',  and  are 
isomorphous  with  the  ammonium  salt. 
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Type  III  is  represented  by  ammonium  dioxytrifluoride,  NH4[Mo02F3],  or 
NH4F.Mo02F2,  prepared  by  F.  Mauro  by  evaporating  over  sulphuric  acid  a hydro- 
fluoric acid  soln.  of  the  hexoxyhenafluomolybdate,  and  U.  Alvisi,  by  the  action  of 
hydrofluoric  acid  on  1 : 24-phosphomolybdic  acid  or  its  ammonium  salt.  The 
colourless,  monoclinic  prisms  were  found  by  A.  Scacchi  to  have  the  axial  ratios 
a : b : c=0-6302  : 1 : 04255,  and  /3=94°  7',  and  to  be  isomorphous  with  the  thallium 
salt.  The  salt  turns  green  on  exposure  to  air.  M.  Delafontaine  described  a hydrate, 
NH4F.Mo02.H20,  obtained  in  rhombic  crystals  by  the  action  of  hydrofluoric  acid 
on  dioxytetrafluomolybdate,  or  an  acid  ammonium  molybdate.  The  form  of  the 
crystals  is  the  same  as  that  of  the  dioxypentafluomolybdate,  and  M.  Delafontaine’s 
determination  of  the  contained  molybdenum  applies  to  either  salt,  hence  F.  Mauro 
believed  that  M.  Delafontaine’s  hydrate  is  really  the  dioxypentafluomolybdate. 
M.  Delafontaine  also  reported  prismatic  crystals  of  potassium  dioxytxifluomolybdate, 
K[Mo02F3].H20,  or  KF.Mo02F2.H20,  to  be  formed  by  the  action  of  hydrofluoric 
acid  on  an  acid  potassium  molybdate,  or  the  dioxytetrafluomolybdate.  G.  Marchetti 
could  not  prepare  this  salt,  and  he  regarded  the  product  as  a mixture  of  the  dioxy- 
tetrafluomolybdate with  another  salt  as  well  as  KF.MoOF4.  There  are  similar 
doubts  aboutM.  Delafontaine’s  rubidium  dioxytrifluomolybdate,RbF.Mo02F2.H20. 

Type  IV  is  represented  by  ammonium  dioxytetrafluomolybdate,  2NH4F.Mo02F2, 
or  (NH4)2[Mo02F4],  prepared  by  F.  Mauro  by  evaporating  a soln.  of  ammonium 
trioxydifluomolybdate,  and  U.  Alvisi  obtained  it  from  the  mother-liquid  obtained 
in  the  preparation  of  this  salt.  The  colourless  plates  or  prisms  are  isomorphous 
with  the  corresponding  oxyfluocolumbate  and  oxyfluotungstate.  The  rhombic 
bipyramids  were  found  by  A.  Scacchi  to  have  the  axial  ratios  a :b : c 
=04207  : 1 : 0-0164.  F.  Mauro  found  that  the  salt  is  unchanged  at  100°,  but  is 
decomposed  at  a higher  temp.  It  is  freely  soluble  in  water,  and  the  evaporation 
of  the  aq.  soln.  gives  the  salt  unchanged.  M.  Delafontaine  reported  that  the  mono- 
hydrate is  produced  by  evaporating  a soln.  of  ammonium  paramolybdate  in  hydro- 
fluoric acid  and  ammonium  fluoride.  The  crystals  are  said  to  be  triclinic 
like  the  analogous  potassium  salt  with  which  they  are  isomorphous.  It  is  rather 
more  soluble  than  the  potassium  salt.  By  evaporating  a soln.  of  ammonium  dioxy- 
tetrafluomolybdate or  trioxydifluomolybdate  in  ammonia  over  sulphuric  acid  or  in 
air,  F.  Mauro  obtained  octahedral  crystals  of  ammonium  trioxytrifluomolybdate, 
(NH4)2O.NH4F.Mo02F2,  or  Mo03.3NH4F,  or  F3Mo(ONH4)3,  or  (NH4)3[Mo03F3] ; 
these  crystals  are  isomorphous  with  the  corresponding  tungstate.  They  are  stable 
at  100°,  and  when  roasted  furnish  molybdenum  trioxide.  The  salt  can  be  crystal- 
lized unchanged  from  its  aq.  soln.  L.  Pauling  found  that  there  are  four  molecules 
per  unit  face-centred,  cubic  lattice.  The  space-lattice  has  a=9-10  A.,  and  the 
interatomic  distances  Mo  to  F=l-9  A.,  and  F to  F,  5-3  A.  The  octahedral  cleavage 
is  perfect. 

M.  Delafontaine  prepared  sodium  dioxytetrafluomolybdate,  Na2[Mo02F4].|H20, 
or  2NaF.Mo02F2.IH20,  from  a soln.  of  normal  sodium  molybdate  in  a small  excess 
of  hydrofluoric  acid.  The  crystals  lose  their  water  when  heated  in  a closed  vessel ; 
and  are  decomposed  when  heated  in  air  forming  normal  sodium  molybdate. 
J.  J.  Berzelius  mixed  potassium  fluoride  with  a soln.  of  molybdenum  trioxide  in  hot 
hydrofluoric  acid,  and  obtained  a precipitate  of  what  was  probably  potassium  dioxy- 
tetramolybdate,  K2[Mo02F4].H20,  or  2KF.Mo02F2.H20  ; G.  Marchetti  added  the 
theoretical  proportion  of  potassium  hydroxide  instead  of  the  fluoride  ; J.  J.  Berzelius, 
and  M.  Delafontaine  obtained  the  salt  from  a soln.  of  normal  potassium  molybdate 
in  a small  excess  of  hydrofluoric  acid  ; and  U.  Alvisi,  from  a soln.  of  potassium 
hydrofluoride  and  1 : 24-phosphomolybdic  acid.  The  tabular  or  scaly  crystals 
were  said  by  J.  J.  Berzelius  to  resemble  the  crystals  of  boric  acid,  and  those  of  the 
corresponding  tungsten  salt ; M.  Delafontaine  also  noted  their  resemblance  to  those 
of  the  oxyfluo-columbates,  titanates,  and  tungstates  ; the  crystals  were  said  to  be 
triclinic,  but  A.  Scacchi  showed  that  they  are  monoclinic  prisms  with  the  axial 
ratios  a : b : c= 1-0006  : 1 : 0-9994,  and  #=103°  29'.  G.  Marchetti  said  that  the 
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anhydrous  salt  is  obtained  by  heating  the  hydrate  to  100°  ; or  by  crystallization 
from  a soln.  in  hot  hydrofluoric  acid.  M.  Delafontaine,  and  J.  J.  Berzelius  said  that 
the  crystals  are  stable  in  air  ; and  they  lose  about  6 per  cent,  of  water  at  about  60°  ; 
and  they  melt  without  further  decomposition  when  heated,  forming  a yellowish- 
brown  mass.  When  roasted  in  air,  normal  potassium  molybdate  is  formed.  Hydro- 
fluoric acid  is  given  off  when  the  salt  is  heated  with  cone,  sulphuric  acid.  The  salt 
dissolves  freely  in  boiling  water,  and  the  cooling  soln.  deposits  the  unchanged 
crystals. 

F.  Mauro  prepared  copper  dioxytetrafluomolybdate,  CuF2.Mo02F2.4H20,  or 
Cu[Mo02F4].4H20,  by  evaporating  a hydrofluoric  acid  soln.  of  a mol  each  of  copper 
oxide  and  molybdenum  trioxide.  The  pale  blue  monoclinic  plates  were  found  by 
A.  Scacchi  to  have  the  axial  ratios  a : b : e— 1-4828  : 1 : 1-0987,  and  j8=85°  9',  and 
to  be  isomorphous  with  the  corresponding  copper  oxyfluotungstate  and  columbate, 
as  well  as  with  the  copper  fluosilicate,  titanate  and  stannate.  F.  Mauro  said  the 
salt  is  stable  in  dry  air  ; in  moist  air,  water  is  absorbed  ; at  115°,  it  loses  its  water 
and  becomes  pale  green  ; and  at  130°,  the  evolution  of  hydrofluoric  acid  begins. 
M.  Delafontaine  prepared  zinc  dioxytetrafluomolybdate,  Zn[Mo02F4].6H20,  or 
ZnF2.Mo02F2.6H20,  by  evaporating  a hydrofluoric  acid  soln.  of  eq.  proportions 
of  zinc  oxide  and  molybdenum  trioxide.  The  trigonal  prisms  have  the  axial  ratio 
a : c=l  : 0-5166,  and  the  salt  is  isomorphous  with  the  oxypentafluomolybdate  and 
columbates  of  magnesium,  zinc,  cadmium,  manganese,  cobalt,  and  nickel,  and  with 
the  corresponding  fluosilicates,  fluotitanates,  and  fluostannates.  H.  Grimm  studied 
the  miscibility  of  these  crystals  with  those  of  zinc  fluostannate.  B.  Gossner  gave 
2-151  for  the  sp.  gr.  When  roasted,  normal  zinc  molybdate  is  formed.  M.  Delafon- 
taine also  prepared  cadmium  dioxytetrafluomolybdate,  Cd[Mo02F4].6H20,  or 
CdF2.Mo02F2.6H20,  as  in  the  case  of  the  zinc  salt.  The  trigonal  prisms  have  the 
axial  ratio  a : c=l  : 0-5159.  M.  Delafontaine  prepared  thallous  dioxytetrafluo- 
molybdate, Tl2[Mo02F4],  or  2T1F.Mo02F2,  by  the  double  decomposition  of  thallous 
sulphate  and  potassium  dioxytetrafluomolybdate,  or  from  a hydrofluoric  acid  soln. 
of  normal  thallous  molybdate,  or  eq.  proportions  of  thallous  oxide  and  molybdenum 
trioxide.  . M.  Delafontaine  said  that  it  is  monohydrated,  and  F.  Mauro  that  it  is 
anhydrous.  It  does  not  lose  in  weight  at  200°  ; but  when  roasted  in  air,  it  forms 
normal  thallous  molybdate.  A.  Scacchi  found  that  the  rhombic  bipyramids  have 
the  axial  ratios  a : b : c=0-4276  : 1 : 1-0247.  M.  Delafontaine  prepared  dark  red, 
hexagonal  crystals  of  cobalt  dioxytetrafluomolybdate,  Co[Mo02F4].6H20,  or 
CoF2.Mo02F2.6H20,  which  are  stable  in  dry  air ; and  nickel  dioxytetrafluo- 
molybdate, Ni[Mo02F4].6H20,  or  NiF2.Mo02F2.6H20. 

F.  Mauro  reported  ammoniumhexoxyhenafluomolybdate,  5 NH4F.3Mo02F2.H20, 
to  be  formed  by  the  evaporation  of  the  hydrofluoric  acid  soln.  of  ammonium  dioxy- 
tetrafluo-  or  trioxydifluo-molybdate.  The  colourless,  six-sided,  hexagonal  prisms 
soon  become  opaque  in  air  ; they  lose  part  of  their  water  at  100°,  and  at  a higher 
temp.,  they  decompose.  The  aq.  soln.  has  an  acidic  reaction  ; and  gives  off  hydro- 
fluoric acid  when  heated.  F.  Mauro  also  prepared  ammonium  dioxypentafluo- 
molybdate,  3NH4F.Mo02F2,  or  (NH4)3Mo.02F5,  by  evaporating  soln.  of  ammonium 
paramolybdate  in  an  excess  of  hydrofluoric  acid  and  ammonium  fluoride.  The 
colourless,  rhombic  prisms  were  found  by  A.  Scacchi  to  have  the  axial  ratios  a :b  : c 
=0-5452  : 1 : 0-8767.  F.  Mauro  observed  that  the  salt  decomposes  when  heated  ; 
it  dissolves  in  water  with  an  acidic  reaction  ; and  A.  Miolatti  and  U.  Alvisi  showed 
that  the  electrical  conductivity  of  the  aq.  soln.  indicates  that  the  salt  is  hydrolyzed. 
The  eq.  conductivity,  of  a soln.  with  (3NH4F.Mo02F2)  in  v litres  : 

v • . 32  64  128  256 

A . . 107-5  117-9  133-4  143-2 

There  is  a series  of  salts — the  oxyfluopermolybdates— which  is  related  to  the 
oxyfluomolybdates  much  as  the  permolybdates  are  related  to  the  molybdates.  They 
were  prepared  by  A.  Piccini  5 by  the  action  of  hydrogen  dioxide  on  the  oxyfluo- 
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molybdates.  They  can  be  regarded  as  oxyfluomolybdates  in  which  an  oxygen 
atom  is  replaced  by  a bivalent  0‘0-group  : 
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The  yellow  salts  crystallize  well,  and  are  stable.  Their  aq.  soln.  give  the  typical 
reaction  of  hydrogen  dioxide.  A.  Piccini  prepared  ammonium  trioxypentafluo- 
molybdate,  3NH4F.Mo03F2,  or  (NH4)3[MoF50(02)],  by  evaporating  a soln.  of 
ammonium  paramolybdate  and  fluoride  in  hydrogen  dioxide  and  hydrofluoric  acid  ; 
or  by  treating  ammonium  dioxypentafluoride  with  hydrogen  dioxide.  The  yellow 
prisms  or  plates  become  opaque  in  air  ; they  are  not  changed  at  100°  ; they  are  very 
soluble  in  water  ; and  in  platinum  vessels,  the  aq.  soln.  decomposes  with  the 
evolution  of  oxygen . 

A.  Piccini  prepared  potassium  trioxytetrafluopermolybdate,  F4Mo(OOK)(OK). 
H20,  or  K2[F4Mo0(02)].H20,  by  cooling  a warm  4 per  cent.  soln.  of  hydrogen 
dioxide  soln.  of  the  dioxytetrafluomolybdate,  and  recrystallizing  the  product  from 
dil.  hydrogen  dioxide.  The  yellow,  monoclinic  plates  have  the  axial  ratios  a :b  : c 
=0-9958  : 1 : 0-9780,  and  /3=102°  13'.  The  crystals  are  isomorphous  with  those 
of  the  rubidium  salt,  with  the  corresponding  tungstate,  as  well  as  with  those  of  the 
dioxytetrafluomolybdate  and  oxypentafluomolybdate.  The  (OlO)-cleavage  is 
incomplete.  The  salt  is  stable  in  air  ; it  loses  some  water  at  100°  ; and  at  150°, 
it  gives  off  oxygen  ; and  at  a higher  temp.,  it  forms  normal  potassium  molybdate. 
It  gives  off  no  fluorine  if  dry  in  vacuo.  It  is  sparingly  soluble  in  cold  water,  and 
freely  soluble  in  hot  water  ; and  it  separates  unchanged  from  its  aq.  soln.,  and 
its  soln.  in  hydrofluoric  acid.  According  to  A.  Mazzucchelli  and  C.  Barbero,  a 
mol  of  the  salt  in  15  litres  of  water  has  an  oxidation  potential  0-881  to  0-933  volt 
with  platinum  electrodes  ; and  after  the  addition  of  an  equal  vol.  of  a soln.  of 
potassium  dioxytetrafluomolybdate  of  the  same  concentration,  the  oxidation 
potential  is  0-872  to  0-920  volt.  If  a mol  of  this  salt  be  treated  with  4 mols  of  hydrogen 
dioxide,  P.  Kasanetzky  found  that  microscopic,  rhombic  crystals  of  potassium 
pentoxydifluopermolybdate,  K2[F2Mo03(02)].H20,  are  formed.  With  the  continued 
action  of  hydrogen  dioxide,  all  the  fluorine  is  displaced,  and  potassium  permolyb- 
date  is  formed.  A.  Piccini  prepared  rubidium  trioxytetrafluopermolybdate, 
Rb2[F4MoO(02)].H20,  or  F4Mo(ORb)(OORb).H20,  by  mixing  a soln.  of  rubidium 
chloride  in  hydrogen  dioxide  with  a soln.  of  molybdenum  trioxide  in  hydrofluoric 
acid,  and  recrystallizing  the  product  from  a soln.  of  hydrogen  dioxide.  The  yellow, 
monoclinic  plates  have  the  axial  ratios  a : b : c=l-0260  : 1 : 0-9938,  and/3=102°  15'. 
This  salt  is  isomorphous  with  the  corresponding  potassium  salt ; but  is  more  easily 
soluble,  otherwise,  it  behaves  like  the  potassium  salt.  A.  Piccini  also  prepared 
caesium  trioxytetrafluopermolybdate,  Cs2[F4Mo0(02)].H20,  or  F4Mo(OCs)(OOCs). 
H20,  as  in  the  case  of  the  rubidium  salt  with  which  it  is  quite  similar. 
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§ 19.  Molybdenum  Chlorides 

Five  chlorides  of  molybdenum  have  been  reported  in  which  the  molybdenum 
is  bi-,  ter-,  quadri-,  quinque-,  and  sexivalent.  L.  F.  Svanberg  and  H.  Struve,1  and 
C.  J.  Keyser  prepared  molybdous  chloride,  or  molybdenum  dichloride,  MoC12, 
containing  bivalent  molybdenum.  The  compound  was  investigated  by  C.  W.  Blom- 
strand,  and  A.  Atterberg.  The  analyses  by  C.  W.  Blomstrand,  and  by  L.  P.  Liechti 
and  B.  Kempe  agree  with  the  empirical  formula  MoC12,  but  the  mol.  wt.  calculated 
from  its  effect  on  the  b.p.  of  alcohol  was  found  by  W.  Muthmann  and  W.  Nagel  to 
agree  with  the  formula  (MoC12)3,  or  Mo3C16.  C.  W.  Blomstrand  also  interpreted  the 
chemical  behaviour  to  agree  best  with  the  assumption  that  the  bivalent  molybdenum 
forms  the  polymerized  chloride,  Mo3C16.  He  prepared  it  by  heating  the  trichloride  in 
a current  of  dry  carbon  dioxide,  and  L.  P.  Liechti  and  B.  Kempe,  and  W.  Muthmann 
and  W.  Nagel  showed  that  it  is  necessary  to  exclude  air  and  moisture,  and  to 
regulate  the  temp,  carefully.  C.  W.  Blomstrand  also  prepared  the  dichloride  by 
heating  a mixture  of  molybdenum  and  mercurous  chloride — a large  proportion  of 
trichloride  is  formed  at  the  same  time  ; by  passing  chlorine,  largely  diluted  with 
carbon  dioxide  over  the  moderately-heated  metal ; and  as  a by-product  in  the 
preparation  of  molybdenum  pentachloride.  According  to  K.  Lindner  and  co- 
workers, the  best  method  of  preparation  is  to  pass  carbonyl  chloride  vapour  over 
the  powdered  metal  heated  between  600°  and  620°.  The  result  at  400°  is  to 
form  some  trichloride  which  does  not  volatilize  ; at  490°,  the  boat  contains  some 
trichloride,  and  a little  trichloride  sublimes  ; at  520°,  the  boat  contains  both  di- 
and  trichlorides,  and  some  of  the  latter  sublimes  ; at  590°,  the  boat  contains  the 
dichloride,  and  the  tri-  and  pentachlorides  sublime ; at  610°  and  620°,  the  boat 
contains  the  dichloride,  and  the  sublimate  a little  pentachloride  ; at  670°,  the  boat 
contains  some  dichloride,  and  molybdenum  pentachloride  sublimes  ; and  between 
700°  and  1000°,  there  is  a sublimate  of  the  pentachloride.  The  heavy  yellow  layer 
of  the  dichloride  which  forms  on  the  molybdenum  protects  the  metal  from  attack 
by  the  carbonyl  chloride.  The  dichloride  is  then  extracted  with  cone,  hydrochloric 
acid  and  the  residual  metal  is  again  treated  with  carbonyl  chloride.  The  compound, 
HMo3C17.4H20,  separates  almost  quantitatively  from  the  acid  soln.  in  the  form  of 
long,  yellow  needles.  Less  favourable  but  useful  results  are  obtained  by  the 
reduction  of  molybdenum  pentachloride  with  finely-divided  aluminium  in  the  presence 
of  ignited  quartz  powder  (to  moderate  the  violence  of  the  reaction).  The  product 
is  subsequently  extracted  with  hydrochloric  acid.  The  yield  is  considerably 
diminished  by  the  reduction  of  molybdenum  pentachloride  to  other  chlorides.  The 
dichloride  prepared  by  C.  W.  Blomstrand  was  amorphous,  and  matte  ; and, 
according  to  L.  P.  Liechti  and  B.  Kempe,  after  treatment  with  nitric  acid,  it  is 
yellow.  C.  J.  Keyser,  and  C.  W.  Blomstrand  said  that  it  is  stable  in  air,  and  very 
difficult  to  volatilize.  W.  Biltz  and  C.  Fendius  gave  3-714  for  the  sp.  gr.  at  25°/4°, 
and  44-9  for  the  mol.  vol.  L.  P.  Liechti  and  B.  Kempe  found  that  when  heated  in 
air,  it  gives  a sublimate  of  molybdenum  trioxide  and  a black  residue,  which,  on 
continued  roasting,  also  volatilizes  as  molybdenum  trioxide.  When  heated  in  hydro- 
gen. the  dichloride  is  reduced  to  the  metal.  C.  J.  Keyser,  and  C.  W.  Blomstrand 
said  that  the  dichloride  is  insoluble  in  water  ; but  it  dissolves  easily  and  completely 
in  hydrochloric,  and  the  other  halogen  acids;  it  is  also  soluble  in  sulphuric  acid. 
L.  P.  Liechti  and  B.  Kempe  found  that  aq.  ammonia  dissolves  the  dichloride,  and 
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then  transforms  it  into  a brown,  nitrogenous  powder.  The  dichloride  dissolves 
in  alcohol,  and  ether  without  undergoing  chemical  action.  K.  Lindner  and  co-workers 
observed  that  when  a sat.  alcoholic  soln.  of  the  dichloride  is  mixed  with  twice  its 
vol.  of  ether,  ice-cold,  and  treated  with  ammonia  gas,  a pale  yellow,  voluminous 
precipitate  of  molybdenous  diamminochloride,  Mo3C16(NH3)2.2C6H5OH,  is  formed. 
It  decomposes  at  100°.  When  molybdenous  dichloride  is  dissolved  in  ether  con- 
taining 5 per  cent,  of  ethyl  alcohol,  and  the  soln.  evaporated  in  vacuo,  the  compound 
Mo3C16.C2H5OH  remains  as  light  yellow  powder  stable  in  air  ; the  alcohol  cannot 
be  removed  by  heating  in  an  inert  atmosphere  without  decomposition.  Addition 
of  alcoholic  silver  nitrate  to  the  alcoholic  soln.  precipitates  silver  chloride  ; the 
mother-liquor  deposits  the  compound  Mo3Cl4(N03)2.EtOH  on  keeping,  but  on 
immediate  treatment  of  the  filtrate  with  ether,  the  nitrate,  Mo3C14(N03)2,  is  obtained. 
W.  Hampe  found  that  an  ethereal  soln.  of  the  dichloride  does  not  conduct  the 
electric  current ; the  alcoholic  soln.  conducts  a little,  probably  in  consequence  of 
the  formation  of  a little  hydrochloric  acid.  Hydrogen  is  liberated  from  the  cathode, 
and  a black  oxide  is  gradually  deposited.  W.  Muthmann  and  W.  Nagel  added 
that  the  electrolysis  of  a soln.  in  96  per  cent,  alcohol  furnishes  hydrogen  and  molyb- 
denum tetrachlorodihydroxide  at  the  cathode,  and  at  the  anode,  aldehyde  and 
ethyl  chloride.  C.  W.  Blomstrand,  and  K.  Wolf  found  that  a soln.  of  potassium 
or  sodium  hydroxide  dissolves  the  dichloride  forming  a yellow  soln.  ; and  with 
boiling  alkali-lye,  molybdenum  dihydroxide,  Mo(OH)2,  is  formed.  The  yellow 
soln.  in  alkali-lye  slowly  absorbs  carbon  dioxide  from  the  air,  and  when  carbon 
dioxide  is  passed  through  the  soln.,  or  acetic  acid  is  added,  molybdenum  tetra- 
chlorodihydroxide is  formed. 

C.  W.  Blomstrand,  and  A.  Atterberg  supposed  that  molybdous  chloride  contained 
the  group  Mo3C14.  This  is  evidenced  by  the  products  obtained  by  C.  W.  Blomstrand 
by  the  action  of  strong  acids  on  molybdous  chloride,  namely  (Mo3C14)X2,  where  X 
represents  Cl,  Br,  or  I,  associated  with  ammonium  or  potassium  halide  ; and  by 
the  various  mixed  salts  obtained  by  C.  W.  Blomstrand,  and  A.  Atterberg,  namely, 
Mo3Br4X2.wH20,  where  X2  denotes  F2,  Cl2,  Br2,  I2,  Mo04,  S04,  Cr04,  (H2P04)2, 
and  C204.  According  to  I.  Koppel,  the  bivalency  of  the  contained  molybdenum 
is  illustrated  by  the  development  of  hydrogen  when  the  bromide  Mo3Br4(OH)2  is 
treated  with  alkali-lye  ; and  by  the  precipitation  of  silver  from  an  ammoniacal 
silver  soln.  when  treated  with  (Mo3C14)HC1.4H20.  The  effect  of  the  salt  on  the 
b.p.  of  alcohol  agrees  with  the  formula  (MoCl2)3.  The  electrical  conductivity  of 
soln.  of  all  the  soluble  derivatives  is  explained  by  assuming  that  the  Mo3C14  is 
usually  the  cation,  and  hydrolysis  proceeds  as  far  as  the  Mo3Cl4-group.  The 
dehydration  phenomenon  supports  the  same  hypothesis.  The  radicle  Mo3C14  is 
amphoteric  acting  either  as  a basic  or  as  an  acidic  radicle.  I.  Koppel  also  empha- 
sized the  great  stability  of  the  Mo3Cl4-radicle  ; and  the  resistance  it  offers  to  oxi- 
dation. These  results  are  in  accord  with  some  hypothesis  analogous  to  A.  Werner’s 
co-ordination  theory.  This  subject  was  discussed  by  K.  Lindner,  and  W.  Biltz. 

C.  W.  Blomstrand  said  that  a trihydrate,  Mo3C16.3H20,  is  deposed  in  pale, 
yellow,  insoluble  scales  from  a soln.  of  the  anhydrous  chloride  in  moderately  dilute 
hydrochloric  acid.  If  a soln.  in  hot  hydrochloric  acid  be  evaporated  on  a water-bath, 
pale  yellow  needles  or  prisms  are  formed  ; these  are  soluble  in  water,  alcohol,  and 
ether.  The  compound  was  regarded  by  C.  W.  Blomstrand  as  a hexahydrate, 
Mo3C'l6.6H20  ; by  L.  P.  Liechti  and  B.  Kempe,  as  a hemienneahydrate,  Mo3C16.4|H20  ; 
and  by  A.  Rosenheim  and  F.  Kohn,  as  Mo3C13.HC1.4H20.  The  last  hypothesis 
is  confirmed  by  the  fact  that  wrhen  exposed  to  air,  the  crystals  lose  hydrogen  chloride 
and  become  green,  but  the  yellow  colour  is  restored  in  an  atmosphere  of  hydrogen 
chloride.  The  reaction  with  an  ammoniacal  soln.  of  silver  is  in  agreement  with  the 
bivalency  of  the  contained  molybdenum.  When  this  compound  is  heated  at  100° 
or  130°  in  an  atm.  of  hydrogen  chloride,  a yellow  residue  of  the  monohydrate, 
Mo3C16.H20,  is  formed.  The  compound  Mo3C16.HC1.4H20  behaves  as  if  it  were 
chloroaquomolybdous  acid,  H[Mo3C17(H20].3H20.  Water  removes  only  one  atom 
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of  chlorine,  but  when  a soln.  in  potash-lye  is  treated  with  acetic  acid,  molybdous 
diaquotetrachlorodihydroxide,  Mo3C14(OH)2.8H20,  or  [Mo3C14(H202)](0H)2.6H20, 
is  precipitated.  This  formula  is  based  on  the  fact  that  when  heated  to  100°,  six 
mols.  of  water  are  given  off ; another  mol.  is  given  off  below  300°  ; and  the  final 
product  which  resists  further  dehydration  has  the  composition  of  molybdous 
diaquotetrachloroxide,  [Mo3C14(H20)2]0.  Again,  when  treated  with  hydrobromic 
acid,  the  hydroxide  furnishes  chlorobromides- — vide  infra — K.  Lindner  discussed 
the  constitution  of  these  compounds. 

Hydrolysis  occurs  when  either  of  the  compounds  Mo3Cl6.H20  or 
H[Mo3Cl7(H20)].3H20  is  treated  with  water.  The  latter,  for  instance,  forms  a 
yellow  soln.  with  the  minimum  quantity  of  cold  water  necessary  for  soln.,  and  in  a 
few  seconds,  a crystalline  separation  occurs  forming  a product  with  Mo  : Cl=3  : 6. 
The  product  is  represented  as  molybdenum  tetrachlorodiaquodichloride, 
[Mo3Cl4(H20)2]Cl2.2H20  ; and  when  dehydrated,  [Mo3C14(H20)2]C12,  in  which 
two  of  the  six  chlorine  atoms  are  ionizable  and  replaceable  by  other  anions.  When 
chloroaquomolybdous  acid  is  treated  with  more  water,  say  50  c.c.  of  water  per 
0-3  grm.  of  the  substance,  an  amorphous  precipitate  is  formed  with  Mo  : Cl=3  : 5 
—molybdenum  hydroxypentachloride,  Mo3C15(OH)  ; and  with  a large  proportion 
of  boiling  water,  the  amorphous  precipitate  has  Mo  : Cl =3  : 4 — molybdenum 
diaquotetrachlorodihydroxide,  [Mo3C14(H20)2](0H)2.6H20,  indicated  above.  Ethyl 
alcohol  also  forms  the  3 : 4 salt. 

When  chloroaquomolybdous  acid  is  treated  with  pyridine  and  an  excess  of 
hydrogen  chloride  in  alcoholic  soln.,  pyridine  alcoholates  are  formed  as  yellow, 
crystalline  solids,  e.g.  with  methyl  alcohol,  dimorphous  C6H5N.H[Mo3C17(H20)]. 
CH3OH  is  formed  ; and  with  ethyl  alcohol,  C6H5N.H[Mo3C17(H20)].C2H50H.  If 
the  reaction  occurs  in  amyl  alcohol  soln.,  the  resulting  salt,  C6H5N.H[Mo3C17(H20)], 
is  free  from  alcohol.  If  this  salt  be  crystallized  from  the  lower  alcohols,  the  alco- 
holates are  formed.  The  mol.  wt.  of  the  pyridine  salt  calculated  from  its  effect  on 
the  f.p.  of  nitrobenzene  is  717,  while  634  is  required  for  C6H5N.H[Mo3C17(H20)]. 
The  mother-liquors  employed  in  the  preparation  of  the  alcoholates,  by  varying  the 
conditions,  give  a series  of  compounds  in  which  the  anion  varies  from  Mo  : Cl=3 : 7 
to  3 : 9,  representing  complexes  of  the  acids  H1  + m[Mo3C17  + „]  with  pyridine,  etc. 
Thus,  with  a large  excess  of  hydrogen  chloride,  the  pyridine  alcoholates 
(C6H5N)3H3Mo3C19.3CH3OH  ; and  (C5H5N)3H3Mo3Cl9.3C2H5OH ; as  well  as 
(C6H5N)3H3Mo309.C5H110H,  were  obtained,  and  when  heated,  these  compounds 
furnish  C5H5N.H[Mo3C17]  indicated  above.  Salts  of  the  heptachloromolybdous 
acid,  H[Mo3C17],  are  indicated  below  and  complexes  with  aniline,  C6H5NH2. 
H[Mo3C17].9H20  ; with  urea,  Co(NH2)2.H[Mo3Cl7].3H20  ; • and  with  ethylene- 
diamine,  C2H4(NH2)2.2H[Mo3Cl7].6H20  were  also  obtained.  Complexes  of  octo- 
chloromolybdous  acid,  H2[Mo3Cl8],  were  also  prepared — e.g.  with  pyridine, 
2C5H5N.H2[Mo3C18].C2H5OH  ; and  with  triaminopropane,  2C3H11N3.3H2[Mo3C18]. 
45H20.  A.  Rosenheim  and  F.  Kohn,  and  K.  Lindner  and  co-workers  prepared 
complexes  with  enneachloromolybdous  acid,  H3[Mo3C19],  namely  C5H5N.H3[Mo3C19]- 
H20 ; 3C5H5N.H3[Mo3C191.3CH2OH  ; 3C5H5N.H3[Mo3C19].C2H5OH  ; and 

3C5H5N.H3[Mo3Cl9].C5HnOH.  K.  Lindner  also  prepared  still  higher  complexes 
of  the  acids  H3+„[Mo6C115+„]  with  pyridine.  Thus,  pentadecachloromolybdous 
acid,  H3[Mo6C115],  furnishes  3C5H5N.H3[Mo6C115].2H20,  4C5H5N.H3[Mo6C115], 

and  5C5H5N.H3[Mo0Cl5].2C2H5OH ; ami  heptadecamolybdous  acid,  H5[Mo6C117], 
furnishes  5C5H5N.H5[Mo6C117].2C5H11OH. 

C.  W.  Blomstrand  reported  potassium  molybdous  octochloride,  [Mo3C14]C12. 
2KC1.2H20,  to  be  formed  by  evaporating  a soln.  of  molybdenum  dichloride  in 
alkali-lye  saturated  with  hydrogen  chloride.  Only  half  the  contained  chloride  is 
precipitated  by  silver  nitrate  from  the  nitric  acid  soln.  of  the  straw-yellow  crystals. 
The  salt  is  decomposed  by  water  into  potassium  chloride  and  molybdous  chloride. 
The  corresponding  ammonium  molybdous  octochloride,  | Mo3Cl4  |Cl2.2NH4C1.2H20, 
was  obtained  in  an  analogous  manner.  A.  Rosenheim  and  F.  Kohn  could  not 
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confirm  C.  W.  Blomstrand’s  formula  for  the  ammonium  salt ; and  they  showed 
that  the  corresponding  pyridinium  salt  has  the  composition  3C5H5N.H3M03Cl9.3H2O, 
as  indicated  above.  K.  Lindner,  E.  Haller  and  H.  Helwig  found  that  if  a soln.  of 
heptachloromolyhdous  acid,  H[Mo3C17],  in  a minimum  quantity  of  hydrochloric 
acid  be  treated  with  cone.  soln.  of  the  metal  chlorides,  there  are  formed  salts  like 
ammonium  molybdous  heptachloride,  K[Mo3CT7].l|H20,  and  potassium  molyb- 
dous  heptachloride,  K[Mo3C17].3H20,  as  well  as  the  pyridinium  salts,  etc.,  indicated 
above. 

J.  J.  Berzelius2  prepared  molybdenum  trichloride,  M0CI3,  and  regarded  it  as 
Molybdandichlorid,  but  C.  W.  Blomstrand  showed  that  it  is  a trichloride,  and  this  has 
been  confirmed  by  the  analyses  of  L.  P.  Liechti  and  B.  Kempe,  and  of  A.  Rosenheim 
and  H.  J.  Braun.  By  analogy  with  chromic  chloride,  CrCl3,  this  salt  can  be 
called  molybdic  chloride,  although  the  affixes  “ ous  ” and  “ ic  ” are  not  so  useful 
with  multivalent  elements  which  form  so  many  compounds  as  in  the  case  of  vana- 
dium and  molybdenum — vide  9.  54,  6.  Some  such  system  as  that  suggested  by 
A.  Werner  is  required,  e.g.  molybdo-  for  bivalent  molybdenum  ; molybdi-  for 
tervalent  molybdenum ; molybde-  for  quadrivalent  molybdenum ; molybdan- 
for  quinquevalent  molybdenum ; and  molybdon-  for  sexivalent  molybdenum. 

J.  J.  Berzelius  prepared  molybdenum  trichloride  by  passing  the  vapour  of 
molybdenum  pentachloride  over  heated  molybdenum ; C.  W.  Blomstrand  said  that 
it  is  not  possible  to  obtain  a homogeneous  product  by  this  process,  and  he  recom- 
mended passing  the  vapour  of  the  pentachloride,  freed  from  oxychloride,  and  mixed 
with  carbon  dioxide  or  hydrogen  through  a hot  tube  at  250°.  This  method  was  also 
employed  by  L.  P.  Liechti  and  B.  Kempe,  by  K.  Wolf,  and  A.  Rosenheim  and 
H.  J.  Braun.  A.  Chilesotti  obtained  a red  soln.  of  this  chloride  by  the  electrolytic 
reduction  of  a hydrochloric  acid  soln.  of  molybdenum  trioxide  using  a mercury 
cathode,  and  a current  density  of  1 to  2 amp.  per  sq.  dm. — vide  supra,  the  electro- 
lysis of  molybdenum  trioxide.  G.  G.  Henderson  obtained  the  red  soln.  by  reduction 
with  potassium  amalgam. 

A.  Chilesotti  showed  that  by  varying  the  cone,  of  the  acid  in  hydrochloric  acid 
soln.  of  molybdenum  trioxide,  red  or  green  soln.  of  molybdic  chloride  can  be  obtained, 
and  he  postulated  the  existence  of  isomerides  analogous  to  the  green  and  violet 
chromic  chlorides.  This  hypothesis  was  supported  by  F.  Forster  and  E.  Fricke’s 
observations  on  the  potential  of  soln.  of  tervalent  molybdenum  ; and  by  those  of 
W.  Wardlaw  and  R.  L.  Wormell  on  the  molybdenyl  chlorides — vide  infra.  The 
electrolysis  of  soln.  of  molybdenum  trioxide  in  92V-HC1  gave  red  or  brown  soln., 
and  with  2*7 N-  to  42V-HC1,  green  soln.  The  static  potential  of  the  red  soln.  is  012 
volt  at  24°-26°  ; and  that  of  the  green  soln.  under  similar  conditions  is  — 0-18  volt. 
The  red  soln.  are  stable  in  air,  but  the  green  soln.  are  readily  oxidized  by  air  and 
water — especially  in  contact  with  platinum — with  the  evolution  of  hydrogen. 
G.  Bredig  and  J.  Michel  found  that  the  green  soln.  reduces  perchloric  acid  2000 
times  more  quickly  than  the  red  soln. 

J.  J.  Berzelius  said  that  the  trichloride  forms  a dark  red  powder ; and 
L.  P.  Liechti  and  B.  Kempe  likened  its  appearance  to  that  of  red  phosphorus. 
C.  W.  Blomstrand  added  that  when  sublimed,  it  forms  a dark  brick-red,  crystalline, 
mass.  W.  Biltz  and  C.  Fendius  gave  3-578  for  the  sp.  gr.  at  25°/4°,  and  56-6  for 
the  mol.  vol.  L.  P.  Liechti  and  B.  Kempe  said  that  the  trichloride  is  stable  in  dry 
air,  and  that  when  heated  to  dull  redness  in  an  atmosphere  of  carbon  dioxide,  it 
is  decomposed  into  the  di-  and  tetra-chlorides.  A.  Rosenheim  and  H.  J.  Braun 
observed  that  in  humid  air, 'the  trichloride  begins  to  give  off  hydrogen  chloride, 
and,  attracting  moisture,  it  partly  dissolves  forming  a brown  liquid.  L.  P.  Liechti 
and  B.  Kempe  found  that  when  heated  in  air,  a white  sublimate  first  appears,  this 
becomes  brownish-red,  and  a dark  blue  vapour  appears — impure  molybdenum 
dichloride  remains  behind.  The  pure  trichloride  was  found  by  J.  J.  Berzelius,  and 

A.  Rosenheim  and  H.  J.  Braun  to  be  insoluble  in  water  ; and  L.  P.  Liechti  and 

B.  Kempe  added  that  boiling  water  is  gradually  coloured  brown.  J.  J.  Berzelius 
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said  that  the  trichloride  is  decomposed  by  alkali-lye  forming  molybdic  hydroxide. 
The  trichloride  is  not  decomposed  by  cold  (J.  J.  Berzelius),  or  boiling  (L.  P.  Liechti 
and  B.  Kempe)  hydrochloric  acid,  unless,  added  A.  Rosenheim  and  H.  J.  Braun, 
air  has  access  to  the  liquid.  L.  P.  Liechti  and  B.  Kempe  found  that  cone,  sulphuric 
acid  dissolves  the  trichloride  forming  a blue  soln.  which  becomes  emerald-green 
when  heated.  W.  Wardlaw  and  N.  D.  Sylvester  observed  that  with  powdered 
sulphur  in  a soln.  of  tervalent  molybdenum,  the  colour  of  the  soln.  gradually 
changes  from  green  to  brown,  and  hydrogen  sulphide  is  evolved — particularly 
with  warm  soln.  W.  A.  Miller  said  that  hydrogen  sulphide  slowly  produces  a brown 
precipitate  of  hydrated  molybdenum  sulphide,  soluble  in  ammonium  hydrosulphide  ; 
whilst  W.  Wardlaw  and  N.  D.  Sylvester  observed  no  visible  effect  on  the  green  soln. 
of  tervalent  molybdenum  during  2 or  3 hrs.’  action,  but  if  the  sat.  soln.  be  sealed  in 
a flask,  a black  precipitate — possibly  Mo2S3 — forms  in  the  course  of  a few  days. 
A soln.  of  sodium  tetrathionate  in  a soln.  of  tervalent  molybdenum,  in  the  presence 
of  3iV-H2S04,  in  a current  of  nitrogen  so  as  .to  remove  hydrogen  sulphide  as  it  is 
formed,  gives  a brown  precipitate  which  is  a decomposition  product  of  molybdenum 
tetrathionate  ; sodium  trithionate  reacts  similarly.  For  the  action  of  ammonia  • 
gas,  vide  molybdenum  nitride,  8.  49,  12  ; and  molybdenum  amides,  8.  49,  21. 
Aq.  ammonia  was  found  by  C.  W.  Blomstrand  to  act  very  slowly  in  the  cold,  and 
when  heated,  L.  P.  Liechti  and  B.  Kempe  observed  that  a brown  powder  is  formed 
— vide  8.  49, 21 . The  trichloride  is  readily  dissolved  by  warm  nitric  acid.  W.  Hampe 
said  that  the  trichloride  is  almost  insoluble  in  alcohol  and  ether. 

According  to  W.  Wardlaw  and  R.  L.  Wormell,  andin  agreement  with  A.  Chilesotti, 
and  F.  Forster  and  E.  Fricke,  the  green  soln.  of  tervalent  molybdenum  obtained 
by  reducing  a soln.  of  molybdenum  trioxide  in  hydrochloric  acid,  can  be  made  to 
furnish  the  trihydrate  of  molybdenum  trichloride,  MoC13.3H20,  as  well  as  complex 
salts — R2MoC15.H20  and  R3MoC16 — of  tervalent  molybdenum.  The  trihydrate 
was  obtained  in  the  following  manner  : 

A soln.  of  10  grins,  of  molybdenum  trioxide  in  400  c.c.  of  hydrochloric  acid  of  sp.  gr. 
1-16,  was  heated  on  a water-bath  for  some  hours,  made  up  to  600  c.c.,  and  electrolyzed  in 
a diaphragm  cell  with  smooth,  platinum  electrodes  until  the  cathode  soln.  was  red.  This 
soln.  was  then  evaporated  to  dryness  at  70°-80°  under  reduced  press,  in  an  air-free  flask. 
The  residue  was  a copper-coloured,  crystalline  substance,  which  undoubtedly  contained  a 
portion  of  hydrolyzed  material,  and  on  analysis  gave  values  of  the  order  1 : 2-5  for  the 
ratio  Mo  : Cl.  400  c.c.  of  pure  ether,  cooled  in  a freezing  mixture  of  ice  and  salt,  and 
sat.  with  dry  hydrogen  chloride,  were  drawn  into  the  flask  by  releasing  the  vacuum,  and 
the  red  soln.  obtained  was  evaporated  to  dryness  under  diminished  press.,  whereupon  a 
dark  red,  crystalline  substance  separated.  In  order  to  ensure  the  complete  conversion 
of  any  hydrolyzed  salt  into  the  normal  chloride,  this  operation  was  repeated.  The  sub- 
stance finally  obtained  was  quickly  transferred  in  an  atm.  of  dry  carbon  dioxide  to  a 
desiccator  containing  phosphoric  oxide.  The  product  was  extremely  hygroscopic,  and 
exceptional  precautions  had  to  bo  taken  to  exclude  moisture. 

Trihydrated  molybdenum  trichloride  separates  in  dark,  copper-coloured  crystals, 
very  soluble  in  water,  acetone,  or  cold  absolute  alcohol,  giving  intensely  red  solns. 
It  rapidly  reduces  soln.  of  copper,  silver,  or  mercuric  salts.  Sodium  and  ammonium 
hydroxides  give  black  precipitates,  soluble  in  acids  ; these  are  probably  the  tri- 
hydroxide.  If  potassium  chloride  is  added  to  a soln.  of  the  substance  in  alcohol, 
the  pink  complex  chloride,  K2MoC15,H20,  is  deposited  on  warming. 

It  is  not  possible  to  get  the  anhydrous  trichloride  into  aq.  soln.,  but,  as  indicated 
above,  A.  Chilesotti  obtained  a red  soln.  by  electrolytic  reduction,  andG.G.  Henderson, 
by  reduction  with  potassium  amalgam.  The  evaporation  of  the  aq.  soln.  gives 
a brown  residue  soluble  in  water  and  alcohol.  J.  J.  Berzelius,  and  C.  W Blomstrand 
dissolved  molybdic  hydroxide  in  hydrochloric  acid,  and  obtained  a dark  brown 
soln.  which,  on  evaporation,  gave  a black,  tough  mass  probably  an  impure  oxy- 
chloride. If  the  red  soln.  is  formed  in  the  presence  of  alkali  chlorides,  complex 
salts  are  produced.  These  are  precipitated  by  passing  hydrogen  chloride  into  the 
soln.  These  salts  are  red,  or  black  and  crystalline.  They  give  a blue  colour  with 
ferric  chloride,  a dark  brown  colour  with  potassium  ferricyanide,  and  precipitates 
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with  mercurous,  lead,  copper,  and  silver  salts.  G.  G.  Henderson  could  npt  prepare 
the  complex  salt  with  sodium  chloride,  but  ammonium  molybdenum  pentachloride, 
(NH4)2MoC15.H20,  was  obtained  by  A.  Chilesotti,  and  W.  R.  Bucknall  and  co- 
workers as  a brick-red  powder  freely  soluble  in  water.  It  was  obtained  by  adding 
25  grms.  of  ammonium  chloride  in  10  per  cent.  aq.  soln.  to  175  c.c.  of  a 33  per  cent, 
soln.  of  molybdic  chloride,  concentrating  the  soln.  under  reduced  press,  at  70°  until 
the  bright,  brick-red  crystals  are  formed.  G.  Carobbi  found  that  the  crystals  of 
the  monohydrate  are  pleochroic,  being  brownish-red  longitudinally  and  wine-red 
normally.  The  sp.  gr.  is  2-175  at  18°-  The  rhombic  crystals  have  the  axial  ratios 
a :b  : c=0-6862  : 1 : 0-71666,  and  they  are  isomorphous  with  the  corresponding  ferric 
salt.  Solid  soln.  are  formed  with  a maximum  of  90  per  cent,  of  (NH4)2FeCl5.H20. 
W.  R.  Bucknall  and  co-workers  found  that  the  mol.  wts.  of  soln.  with  0-863,  2-115, 
and  5-391  grms.  of  salt  per  100  grms.  of  water  were  respectively  105-6,  116-8,  and 
141-7  ; and  soln.  with  v litres  per  mol  of  water  at  1°  had  the  mol.  con- 
ductivity, fi : 

v . . 16-37  33-76  54-96  101-4  251-3 

.107  110  132  140  175 

when  time=0.  The  conductivities  increase  with  the  age  of  the  soln.  owing  to 
a series  of  hydrolytic  changes  resulting  in  the  formation  of  molybdenyl  chloride 
(q.v.).  W.  R.  Bucknall  and  co-workers,  F.  Forster  and  E.  Fricke,  and  A.  Rosenheim 
and  T.  H.  Li  prepared  ammonium  molybdenum  hexachloride,  (NH4)3MoC16.H20, 
in  rose-red  needles.  To  prepare  this  salt,  80  c.c.  of  a soln.  of  33  per  cent,  molybdic 
chloride  were  sat.  with  hydrogen  chloride,  added  to  a sat.  aq.  soln.  of  20  grms.  of 
ammonium  chloride,  and  the  mixture  cone,  to  the  crystallizing  point.  The  penta- 
chloride thus  formed  was  removed,  and  the  filtrate  again  sat.  with  hydrogen  chloride 
until  cold.  Small  rose-coloured  crystals  separated  which,  after  washing  free  from 
hydrochloric  acid  with  aq.  alcohol,  were  dried  in  vacuo.  G.  Carobbi  said  that  the 
crystals  are  monoclinic.  W.  R.  Bucknall  and  co-workers  found  that  an  aq.  soln. 
with  48-11,  64-44,  and  157-9  grms.  of  the  salt  (NH4)3MoC16.1I20,  per  litre  at  1°,  had 
the  mol  conductivities  208,  210,  and  225  respectively  when  time=0.  The  con- 
ductivity increases  with  age  owing  to  -hydrolysis.  G.  Carobbi  treated  a soln.  of 
22-5  grms.  of  ammonium  chloride  with  a soln.. of  molybdenum  triochloride,  and 
saturated  it  with  hydrogen  chloride.  When  the  soln.  was  allowed  to  stand, 
it  deposited  monoclinic  crystals  of  ammonium  molybdenum  heptachloride, 
(NH4)4MoC17.H20,  of  sp.  gr.  1-905.  A.  Chilesotti,  A.  Rosenheim  and  T.  H.  Li,  and 
W.  R.  Bucknall  and  co-workers  obtained  potassium  molybdenum  hexachloride, 
K3MoC16,  as  a red  powder  very  soluble  in  water.  In  preparing  this  salt,  350  c.c.  of 
a soln.  of  35  grms.  of  molybdenum  trioxide  in  82V-HC1  were  reduced  to  the  tervalent 
state,  cone,  to  150  c.c.  to  make  a 33  per  cent.  soln.  of  molybdic  chloride,  and  sat. 
with  hydrogen  chloride.  One-half  to  three-quarters  of  the  theoretical  amount  of 
potassium  chloride — 30  to  40  grms. — was  added  as  a 10  per  cent.  soln.  in  air-free 
water  and  the  mixture  cone,  at  70°  under  reduced  press.,  until  crystallization  com- 
menced. The  liquid  was  filtered  and  the  filtrate  sat.  with  hydrogen  chloride  until 
cold,  whereupon  the  double  salt  separated.  The  crystals  were  washed  with  cone, 
hydrochloric  acid,  alcoholic  hydrochloric  acid,  and  finally  with  alcohol,  and  dried 
in  vacuo.  The  mol.  wts.  of  aq.  soln.  with  0-498,  1-470,  and  3-045  were  respectively 
110-3,  120-5,  and  167-0  by  the  f.p.  process  ; and  the  mol.  wt.  decreases  from  167-0 
with  a freshly  prepared  soln.  to  117-3  after  the  lapse  of  155  min.  The  mol.  con- 
ductivities, fj.,  of  a soln.  of  a mol.  of  the  salt  in  v litres  of  water  at  0°,  are  : 

v . . 15-67  58-97  95-84  153-3  222-0 

fi  .155  195  220  230  245 

when  time=0.  The  conductivities  increase  with  age  owing  to  hydrolysis. 
D.  M.  Bose  discussed  the  magnetic  properties  ; P.  Ray  and  H.  G.  Bhar  found  the 
magnetic  susceptibility  to  be  13-1  Xl0-6  at  25°.  G.  G.  Henderson  obtained  the 
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dihydrate,  K3MoC16.2H20,  in  red  prisms.  W.  R.  Bucknall  and  co-workers  found  that 
liquid  ammonia  does  not  react  with  the  tripotassium  molybdenum  hexachloride,  thus 
supporting  the  view  that  the  ammonia  replaces  the  molecule  of  water  in  diammonium 
molybdenum  pentachloride.  A.  Chilesotti  obtained  a thiocyanate,  K3Mo(CyS)3,  by 
the  action  of  potassium  thiocyanate.  F.  Forster  and  E.  Fricke,  and  W.  R.  Bucknall 
and  co-workers  prepared  potassium  molybdenum  pentachloride,  K2MoC15.H20. 
100  c.c.  of  the  red  soln.  containing  tervalent  molybdenum,  prepared  by  the  electro- 
lysis of  a soln.  of  10  grms.  of  molybdenum  trioxide  in  100  c.c.  of  8IV-HC1,  were 
added  to  25  c.c.  of  a soln.  of  a gram  of  potassium  chloride  and  the  mixture  was 
cone,  in  an  air-free  flask  at  60°-70°  under  reduced  press,  to  a vol.  of  about  20  c.c. 
Air-free,  absolute  alcohol  was  now  admitted  and  a bright  brick-red,  crystalline 
precipitate  separated,  which,  after  filtration  and  washing  with  alcohol,  was  dried  in 
vacuo.  The  mol.  conductivities,  /x,  of  soln.  with  a mol.  of  the  salt  in  21*19,  58-31, 
and  94-08  litres  of  water  at  1°  were  respectively  p,=113,  140,  and  142  ; and  the 
conductivities  increase  with  time  owing  to  hydrolysis.  G.  Carobbi  found  that  the 
crystals  of  the  pentachloride  are  rhombic  and  isomorphous  with  the  corresponding 
ferric  salt.  The  sp.  gr.  is  2-39  at  18°.  Solid  soln.  with  up  to  83  per  cent.  K2FeCl5.H20, 
of  sp.  gr.  2-22,  were  formed.  A soln.  of  the  mixed  salts  deposits  the  ferrous 
salt  K2FeCl4.2H20,  on  standing  for  several  days.  This  illustrates  the  strong 
reducing  action  of  molybdenum  trichloride.  W.  R.  Bucknall  and  co-workers 
found  that  ammonium  molybdenum  pentachloride  takes  up  ammonia  to  form 
ammonium  molybdenum  amminopentachloride,  (NH4)2[MoCl6(NH3)].H20,  when 
2-3  grms.  of  the  pentachloride  are  treated  with  about.  15  c.c.  of  liquid  ammonia 
at  the  temp,  of  a mixture  of  ether  and  solid  carbon  dioxide,  and  the  product  washed 
first  with  liquid  ammonia  and  then  with  dry  acetone.  This  mauve-coloured  ammine 
is  extremely  hygroscopic  and  undergoes  rapid  hydrolysis,  ammonium  chloride 
being  liberated  whilst  the  substance  itself  turns  brown.  It  is  readily  soluble  in 
water,  producing  a reddish-brown  soln.  from  which  the  hydroxide  separates  after 
a few  minutes.  It  was  therefore  impossible  to  determine  its  molecular  conductivity. 
On  treatment  with  cone,  hydrochloric  acid,  the  ammine  dissolved,  producing  a 
brilliant  blue  coloration.  On  dilution,  the  soln.  turned  green  and  finally  pink,  owing, 
in  all  probability,  to  the  re-formation  of  the  original  red  complex  chloride,  with 
liberation  of  ammonium  chloride.  Attempts  to  isolate  the  blue  substance  were  not 
successful.  W.  R.  Bucknall  and  co-workers  obtained  H[Mo(O.OC.C6H4.OH)2(H20)], 
by  the  action  of  sodium  salicylate  ; Mo(0H)[C6H4(C0.0)2].3H20,  by  the  action  of 
sodium  phthalate  ; and  Mo(OH)C204.3H20,  by  the  action  of  ammonium  oxalate. 
G.  Carobbi  found  that  the  ammonium  and  potassium  salts  R2MoC15.H20  are 
isomorphous  with  the  corresponding  ferric  salts  R2FeCl5.H20.  A.  Chilesotti,  and 
W.  R.  Bucknall  and  co-workers  also  prepared  rubidium  molybdenum  penta- 
chloride, Rb2MoCl5.H20,  in  red  crystals  very  soluble  in  water ; and  likewise  also 
red  crystals  of  caesium  molybdenum  pentachloride,  Cs2MoC16.H20.  By  using 
more  cone,  acid  soln.  rubidium  molybdenum  hexachloride,  Rb3MoClg ; and 
caesium  molybdenum  hexachloride,  Cs3MoClfl,  were  formed.  The  hexahalides  can 
be  represented  by  the  formula  R3[MoC16],  and  the  pentahalides  by  R2[MoC15(H20)]. 
W.  R.  Bucknall  and  co-workers  found  that  the  salts  of  potassium  and  ammonium 
are  extremely  soluble  even  in  cold  water  and  give  intensely  red  soln.  The  salts 
of  caesium  are  quite  insoluble  and  those  of  rubidium  nearly  so.  In  alcohol  and  ether 
hydrolysis  occurs,  and  this  is  accelerated  by  warming  and  results  ultimately 
in  the  precipitation  of  the  hydroxide  of  molybdenum.  All  the  salts  have  pro- 
nounced reducing  properties.  F.  Forster  and  E.  Fricke  observed  that  only  the 
tervalent  elements  of  lower  atomic  weight  (Ti,  V,  Cr,  Mn,  Fe,  Co)  in  this  horizontal 
row  of  the  periodic  system  appear  to  form  easily-crystallizable  complex  salts  with 
bivalent  anions,  whereas  the  elements  of  higher  atomic  weight  also  give  well- 
crystallized  complex  salts  with  univalent  anions.  As  indicated  above,  the  formation 
of  red  or  green  soln.  of  molybdic  chloride  by  electrolysis  was  found  by  A.  Chilesotti 
to  depend  on  the  cone,  of  the  hydrochloric  acid.  F.  Forster  and  E.  Fricke  stated 
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that  the  existence  of  the  red  salts,  (MoC16)M3  and  [MoC15.H20]M2,  indicates  that  in 
the  reddish-brown  solns.  of  tervalent  molybdenum  an  equilibrium  exists  between 
the  tervalent  cations  and  the  complex  ions,  (MoC15.H20)"  and  [Mo(H20)6]"', 
respectively.  Considerations  of  static  potential  lead  to  similar  conclusions.  No 
confirmation  was  obtained  of  Chilesotti’s  hypothesis  of  an  incipient  reduction  of 
tervalent  to  bivalent  molybdenum  taking  place.  The  presence  of  the  ions 
MoC16'",  (MoC15,H20)'',  and  [Mo,(H20)6]'“  is  held  to  account  for  the  increased 
reducing  power  of  the  green  tervalent  molybdenum  soln.  H.  J.  Braun  prepared 
complex  salts  with  aniline,  quinoline,  and  pyridine  ; and  A.  Rosenheim  and  T.  H.  Li, 
with  ethylenediamine. 

According  to  L.  P.  Liechti  and  B.  Kempe,3  when  molybdenum  trichloride  is 
heated  to  redness  in  a slow  current  of  carbon  dioxide,  it  is  resolved  into  molybdenum 
dichloride  and  molybdenum  tetrachloride,  MoC14,  which  appears  as  a yellow  vapour, 
and  condenses  to  a brown,  crystalline  powder  which  is  not  stable  in  dry  carbon 
dioxide.  When  heated  in  a sealed  tube,  it  decomposes  into  molybdenum  penta- 
chloride  and  trichloride,  and  the  latter  decomposes  into  the  dichloride,  etc.,  as 
indicated  above — -this  is  an  extraordinary  cycle.  It  probably  means  that  there  is 
a state  of  equilibrium  between  the  different  chlorides,  and  that  a rise  of  temp,  favours 
the  lower  chlorides  which  are  less  volatile.  The  tetrachloride  is  therefore  one  of  the 
products  of  the  action  of  chlorine  on  heated  molybdenum  ; and  C.  W.  Blomstrand, 
and  H.  Debray  obtained  it  by  the  action  of  chlorine  on  a heated  mixture  of  carbon 
and  molybdenum  oxide  or  sulphide.  A.  Michael  and  A.  Murphy  prepared  the 
tetrachloride  by  heating  molybdenum  dioxide  and  carbon  tetrachloride  in  a sealed 
tube  at  250°.  Molybdenum  trioxide  reacts  with  carbon  tetrachloride  at  280°  with  the 
formation  of  the  pentachloride.  When  the  trioxide  is  heated  with  a soln.  of  chlorine 
in  carbon  tetrachloride  at  200°,  the  product  consists  of  a yellowish-green  oxychloride 
mixed  with  unchanged  trioxide  ; at  225°,  a mixture  of  yellow  and  green  compounds 
is  obtained,  probably  consisting  of  the  dioxydichloride  and  the  oxytetrachloride  ; 
at  240°,  the  pentachloride  is  produced.  The  pentachloride  is  also  obtained  when  the 
oxide,  Mo308,  is  heated  with  carbon  tetrachloride  at  240°.  According  to  L.  P.  Liechti 
and  B.  Kempe,  molybdenum  tetrachloride  is  a brown,  partly  crystalline  powder. 
It  is  affected  by  air  as  in  the  case  of  the  trichloride.  It  does  not  melt  when  heated 
in  a sealed  tube  and  forms  blown  vapour  which  consists  of  the  decomposition 
products  as  indicated  above  ; when  heated  in  an  open  tube,  it  forms  a yellowish- 
white  sublimate,  which,  owing  to  the  action  of  the  atm.  moisture,  consists  of  the 
complex  oxychlorides  Mo03.2HC1,  and  Mo02C12,  and  chlorine  and  hydrogen 
chloride  are  evolved.  It  produces  a hissing  noise  in  contact  with  water ; there  is  a 
vigorous  reaction,  and  most  of  it  forms  a brown  aq.  soln. ; alcohol,  and  ether  behave 
similarly.  No  hydrate  has  been  prepared  ; J.  J.  Berzelius  found  that  a soln.  of 
molybdenum  tetrahydroxide  in  hydrochloric  acid  gives,  on  evaporation,  a dark, 
amorphous,  soluble  mass.  J.  N.  Pring  and  W.  Fielding  observed  that  the  vapour 
of  the  tetrachloride,  in  contact  with  carbon,  forms  molybdenum  or  the  carbide 
at  a temp,  below  1300°.  There  is  a hissing  noise  produced  by  the  action  of  cone, 
hydrochloric  acid,  but  the  boiling  acid  dissolves  only  a little  tetrachloride  ; there 
is  also  a hissing  noise  produced  by  cone,  sulphuric  acid,  hydrogen  chloride  is  evolved, 
and  a bluish-green  soln.  is  formed.  Cone,  nitric  acid  forms  a yellow  soln.  J.  J.  Berzelius 
evaporated  a hydrochloric  acid  soln.  of  molybdenum  dioxide  mixed  with 
ammonium  chloride,  and  obtained  brown  crystals  which  C.  W.  Blomstrand  regarded 
as  ammonium  chloride  stained  a brown  colour.  W.  Wardlaw  and  N.  D.  Sylvester 
observed  no  reaction  between  sulphur  and  soln.  of . quadrivalent  molybdenum. 
J.  J.  Berzelius  saturated  a hydrochloric  acid  soln.  of  molybdenum  dioxide  with 
ammonia,  and  obtained,  on  evaporation,  a black,  crystalline  mass  which  formed  a 
red  soln.  with  water.  According  to  C.  W.  Blomstrand,  if  a soln.  of  ammonium 
chloride  is  saturated  with  molybdenum  tetrachloride,  and  evaporated  over  sulphuric 
acid,  brown  crystals  of  impure  ammonium  chloride  first  separate,  and  afterwards, 
green,  octahedral  crystals  of  ammonium  molybdenum  tetradeca chloride, 
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2NH4C1.3MoC'l4.6H20.  The  salt  is  stable  in  dry  air ; and  it  decomposes  when 
heated  giving  off  water,  ammonium  chloride,  hydrogen  chloride,  as  well  as  molyb- 
denum dioxide,  and,  if  air  has  access,  molybdenum  oxychloride.  The  salt  deliquesces 
in  moist  air.  This  complex  salt  may  be  an  oxychloride,  and  not  really  a salt  of 
molybdenum  tetrachloride. 

J.  J.  Berzelius,4  and  C.  W.  Blomstrand  first  prepared  molybdenum  penta- 
chloride,  MoC15  ; but  they  mistook  it  for  Molybdantetrachlorid.  H.  Debray  showed 
that  the  product  must  have  been  the  pentachloride,  and  this  was  confirmed  by  the 
analyses  of  L.  P.  Liechti  and  B.  Kempe.  According  to  J.  J.  Berzelius,  chlorine 
gas  does  not  act  on  molybdenum  at  ordinary. temp.,  but  when  gently  heated, 
chlorine  gas  freed  from  air  and  oxygen  produces  a transient  glow  over  the  surface 
of  the  metal,  and  a dark  red  vapour  of  molybdenum  pentachloride  is  formed,  and 
this  condenses  to  greyish-black  crystals.  H.  Debray  distilled  the  product  in  a 
current  of  carbon  dioxide  in  order  to  remove  the  chlorine.  L.  P.  Liechti  and 

B.  Kempe,  W.  Lederer,  and  B.  Kalischer  employed  an  analogous  mode  of  pre- 
paration ; E.  F.  Smith  and  H.  C.  Burr  passed  chlorine  over  a heated  mixture  of 
molybdenum  and  sugar-charcoal ; and  C.  W.  Blomstrand  passed  dry  and  air-free 
chlorine  over  a mixture  of  molybdenum  dioxide  or  disulphide  and  charcoal — the 
by-product,  sulphur  monochloride,  is  easily  removed.  P.  Camboulives  obtained  the 
pentachloride  by  passing  the  vapour  of  carbon  tetrachloride  over  molybdenum 
trioxide  at  510°.  A.  Michael  and  A.  Murphy’s  observations  on  this  subject 
are  indicated  in  connection  with  molybdenum  tetrachloride.  W.  Lederer  observed 
that  when  the  product  obtained  by  dissolving  molybdenum  in  aqua  regia  is  heated, 
the  vapour  of  the  pentachloride  is  given  off.  A.  Chilesotti  observed  the  presence 
of  the  pentachloride  in  the  green  soln.  obtained  by  the  electrolysis  of  a hydrochloric 
acid  soln.  of  molybdenum  trioxide  ( q.v .). 

The  black  or  greyish-black  crystals  of  molybdenum  pentachloride  are  very 
like  those  of  iodine.  The  greenish  tinge  mentioned  by  H.  Debray  is  taken  by 
L.  P.  Liechti  and  B.  Kempe  to  show  that  a trace  of  oxychloride  is  present,  but 
0.  Ruff  and  F.  Eisner  added  that  the  crystals  are  dark  green — almost  black. 

C.  W.  Blomstrand  found  that  the  acicular  crystals  obtained  by  sublimation  in  carbon 
dioxide  are  dark  brown  or  brownish-black.  W.  Biltz  and  C.  Fendius  gave  2-928 
for  the  sp.  gr.  at  25°/4°,  and  93-3  for  the  mol.  vol.  H.  Debray  found  the  vap. 
density  at  35°  to  be  between  9-40  and  9-53  when  the  theoretical  value  for  MoCI3  is 
9-47.  J.  J.  Berzelius  said  that  the  salt  readily  fuses  ; H.  Debray  gave  194°  for 
the  m.p.,  and  L.  P.  Liechti  and  B.  Kempe  added  that  when  the  molten  salt  is 
cooled,  it  forms  a crystalline  mass.  A.  Michael  and  A.  Murphy  gave  194°  to  195° 
for  the  m.p.  H.  Debray  gave  268°  for  the  b.p.  C.  W.  Blomstrand  said  that  when 
strongly  heated  the  salt  is  partially  decomposed.  According  to  W.  Hampe,  the 
molten  salt  is  dark  red,  and  in  thick  layers  it  appears  black,  and  if  the  access  of 
moisture  be  prevented,  it  does  not  conduct  electricity  either  at  the  m.p.  or  at  the 
b.p.  S.  J.  Lloyd  found  that  the  electrical  conductivity,  fi,  of  a mol  of  the  salt  in 
v litres  of  solvent  at  18°  is  for  the  green  soln.  in  methyl  acetate  fi= 5-1,  3-33,  and 
2-88  respectively  for  u=2600,  10,400,  and  41,600;  for  the  green  soln.  in  ethyl 
acetate,  /x=l-12,  0-91,  and  0-82  respectively  for  u=3200,  6400,  and  25,600;  for 
the  olive-green  soln.  in  acetone,  /r,= 2-02,  2-36,  and  3-75  respectively  for  v=2925, 
11,700,  and  103,600;  for  the  olive-green  soln.  in  benzaldehyde,  jii=2-4,  2-15,  and 
1-92  respectively  for  v=2900,  5800,  and  23,200;  for  the  reddish-brown  soln.  in 
pyridine,  fx= 1-14,  1-79,  and  3-12  respectively  for  v=3150,  12.600,  and  50,400; 
and  for  the  reddish-brown  soln.  in  glycerol,  ju.=0-92,  1-08,  and  1-95  for  i>=2509, 
5018,  and  20,072.  A.  Voigt  and  W.  Biltz  found  the  sp.  conductivity  of  the  molten 
pentachloride  to  be  1-8 xl0“6  mho  at  216°,  and  7-5x10“°  at  258°,  and  W.  Biltz 
gave  for  the  temp,  coeff.  of  the  conductivity  0-0521.  The  subject  was  discussed 
by  W.  Biltz  and  W.  Klemm,  and  G.  von  Hevesy. 

N.  Parravano  and  C.  Mazzetti  observed  that  molybdenum  pentachloride  mixed 
with  hydrogen  is  reduced  when  passed  over  an  iron  rod  at  900°,  forming  a film  of 
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a molybdenum-iron  alloy  on  the  heated  rod.  J.  J.  Berzelius  found  that  when  the 
salt  is  kept  in  a vessel  containing  air,  an  oxychloride  is  formed,  and  L.  P.  Liechti 
and  B.  Kempe  obtained  a similar  product  by  heating  the  pentachloride  in  air. 
The  salt  fumes  in  moist  air,  and,  according  to  J.  J.  Berzelius,  rapidly  turns  bluish- 
green,  and  then  deliquesces  to  a black,  bluish-green,  greenish-yellow,  deep  red, 
reddish-brown,  and  finally  yellow  liquid  while  hydrogen  chloride  is  evolved.  The 
pentachloride  dissolves  in  water  vigorously  giving  off  so  much  heat  that  the  liquid 
boils.  H.  Debray  said  that  the  aq.  soln.  is  green  or  brown  ; and  L.  P.  Liechti  and 
B.  Kempe  added  that  it  hisses  when  in  contact  with  a small  proportion  of  water 
and  forms  a brown  liquid  ; with  a large  proportion  of  water  the  soln.  is  colourless. 
M.  Guichard  found  that  in  aq.  soln.  the  pentachloride  is  resolved  into  the  tetra- 
chloride and  trioxide,  arid  the  strongly  acid  soln.  forms  a blue  oxide  when  exposed 
to  air.  J.  Nordenskjold,  and  B.  Kalischer  consider  that,  in  all  probability,  the 
first  action  of  water  can  be  represented : MoC15+H20=Mo0C13-|-2HC1.  According 
to  L.  P.  Liechti  and  B.  Kempe,  a little  absolute  alcohol  dissolves  the  pentachloride 
without  hissing  to  form  a dark  green  soln.  which  becomes  brown  if  moisture  be 
present ; absolute  ether  also  forms  a green  soln.  without  hissing.  B.  Kalischer 
added  that  chloroform  and  carbon  tetrachloride  form  brown  soln.  which  become 
green  if  a little  water  be  present — vide  supra.  According  to  0.  Ruff  and  F.  Eisner, 
at  ordinary  temp.,  hydrogen  fluoride  converts  it  into  a gaseous  molybdenum 
fluoride  and  hydrogen  chloride  ; hydrogen  chloride  turns  the  pentachloride  emerald- 
green,  whilst  hydrochloric  acid  dissolves  it  with  the  evolution  of  much  heat ; nitric 
acid  forms  a colourless  soln.  ; cone,  sulphuric  acid  gives  a bluish-green  soln.  which 
gradually  turns  brown  and  then  yellow.  W.  Hampe  observed  that  the  penta- 
chloride forms  a green  soln.  with  a small  proportion  of  cone,  hydrochloric  acid,  and 
a red  or  reddish-brown  soln.  with  a larger  proportion  of  acid.  On  electrolysis,  the 
soln.  of  the  pentachloride  in  cone,  hydrochloric  acid  is  reduced  at  the  cathode  to 
the  trichloride,  and  at  the  anode  Mo03.wHC1  is  formed.  A.  G.  Page  observed  that 
molybdenum  pentachloride  acts  as  a catalyst  in  chlorinations.  0.  C.  M.  Davis 
obtained  the  complex  molybdenum  nitrogen  tetrasulphopentachloride,  MoC15.N4S4, 
by  the  action  of  nitrogen  tetrasulphide  on  molybdenum  pentachloride.  H.  J.  Braun 
studied  the  action  of  ammonia  on  molybdenum  pentachloride — vide  the  molyb- 
denum amides.  F.  W.  Bergstrom  represented  the  reactions  by  MoC15-|-8NH3= 
Mo(NH)2NH2+5NH4C1,  and  by  MoC15+8NH3=Mo(NH2)4C1+4NH4C1.  A.  Piutti 
obtained  molybdenum  phosphoryl  octochloride,  MoC15.POC13,  by  the  action  of  3 mols 
of  phosphorus  pentachloride  on  a mol  of  molybdenum  trioxide  in  a sealed  tube 
at  170°  ; and  E.  F.  Smith  and  G.  W.  Sargent,  molybdenum  phosphorus  decachloride, 
M0CI5.PCI5,  by  using  5 mols  of  phosphorus  pentachloride.  W.  Hampe  observed 
that  absolute  alcohol  or  ether  reacts  vigorously  with  the  evolution  of  heat,  and  giving 
of  hydrogen  chloride  and  ethyl  chloride.  The  grass-green  soln.  formed  with  absolute 
alcohol  gives  a reddish-brown  tetroxide  when  treated  with  alkali-lye.  B.  Kalischer 
said  that  the  alcoholic  soln.  contains  MoOC13  ; and  he  found  that  the  pentachloride 
dissolves  with  a hissing  noise  in  many  organic  liquids — e.g.  alcohols,  ethers,  ketones, 
aldehydes,  acids,  acid  anhydrides,  esters,  and  amines.  W.  Wardlaw  and 
H.  W.  Webb  also  observed  that  molybdenum  pentachloride  reacts  vigorously  with 
dry  methyl,  ethyl  and  benzyl  alcohols,  forming  molybdenyl  trichloride,  but  it  does 
not  react  with  phenol.  Dry  ether-  forms  MoC15.2(C2H5)20,  and  with  moist  ether 
there  is  formed  Mo0C13.2(C2H5)20,  which  with  hydrogen  chloride  furnishes 
MoOC13.(C2H5)20.  Pyridine  forms  MoOC15.2C5H5N,  as  well  as  MoC14.3C5H5N, 
MoC14.4C5H5N,  and  MoC1H4.5C5H5N.  A.  Michael  and  A.  Murphy  found  that  the 
pentachloride  is  soluble  in  carbon  tetrachloride.  J.  J.  Berzelius  said  that  molyb- 
denum pentachloride  unites  with  ammonium  chloride,  but  not  with  sodium  or 
potassium  chloride.  B.  Kalischer  found  that  an  excess  of  alkali  hydroxide  forms 
Mo(OH)4  and  K2Mo04  ; and  P.  Klason,  that  the  theoretical  proportion  of  alkali 
hydroxide  forms  MoO(OH)3. 

E.  F.  Smith  and  H.  C.  Burr  5 found  that  metallic  molybdenum  rapidly  acts  on 
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ferric  chloride  soln.  with  reduction  of  the  ferric  salt,  and  dissolves  as  a hexad  ; 
and  they  tried  to  prepare  molybdenum  hexachloride,  MoC16,  by  driving  the  oxygen 
from  an  oxychloride  of  sexivalent  molybdenum.  Thus,  molybdenyl  chloride, 
Mo02G12,  was  mixed  with  an  equivalent  quantity  of  phosphorus  pentachloride, 
and  heated  in  a sealed  tube,  in  the  presence  of  chlorine,  at  170°.  On  cooling,  it  was 
found  that  the  tube  contained  a mass  of  greenish-black  crystals  ; these,  when 
freed  from  phosphorus  oxychloride  by  distillation  in  a current  of  chlorine,  yielded 
a product  which,  on  analysis,  gave  figures  approximating  more  to  the  pentachloride 
than  to  the  hexachloride.  The  experiment  was  repeated,  silicon  tetrachloride 
being  substituted  for  the  phosphorus  compound.  The  crystalline  product  was 
quickly  removed  to  a boat,  and  distilled  in  an  atmosphere  of  carbonic  anhydride. 
The  brown  vapours  condensed  in  the  colder  portions  of  the  tube,  and  on  analysis 
gave  results  varying  between  those  required  by  the  tetrachloride  and  the  penta- 
chloride. 0.  Ruff  and  F.  Eisner  heated  a mixture  of  molybdenum  pentachloride 
and  liquid  chlorine  in  a sealed  tube  for  96  hrs.  at  100°,  but  obtained  only  crystals 
of  the  pentachloride. 
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§ 20.  Molybdenum  Oxychlorides 

According  to  W.  Wardlaw  and  R.  L.  Wormell,1  molybdanyl  chloride, 
Mo0C1.4H20,  can  be  isolated  from  a cone.  soln.  of  tervalent  molybdenum. 

A soln.  of  60  grms.  of  molybdenum  trioxide  in  390  c.c.  of  hydrochloric  acid  of  sp.  gr. 
1-16  was  heated  on  a water-bath  for  8 hours,  made  up  to  600  c.c.,  and  electrolyzed,  in  a 
diaphragm  cell  with  smooth  platinum  electrodes  until  the  cathode  soln.  was  olive-green. 
This  soln.  was  then  cone,  at  50°  under  diminished  press.,  in  an  air-free  flask  ; the  colour 
changed  from  green  to  reddish-brown  at  about  250  c.c.  After  cone,  to  180-200  c.c.,  the 
soln.  was  transferred  to  a small  cell  and  re-electrolyzed.  A soln.  was  thus  obtained  having 
a much  higher  cone,  of  tervalent  molybdenum  than  one  prepared  by  direct  dissolution  of 
the  trioxide  in  cone,  hydrochloric  acid.  The  electrolysis  was  continued  until  a sample  of 
the  cathode  liquid,  poured  into  acetone,  gave  an  appreciable  buff-coloured  precipitate. 
The  cathode  soln.  was  now  forced  by  the  press,  of  carbon  dioxide  into  air-free  acetone  ; 
the  oxychloride,  which  separated  as  a heavy,  buff-coloured  powder  in  almost  quantitative 
yield,  was  washed  with  acetone,  alcohol  and  dry  ether,  all  these  operations  being  performed 
in  an  atmosphere  of  carbon  dioxide  with  rigid  exclusion  of  air,  and  transferred  to  a desiccator 
filled  with  carbon  dioxide,  which  was  then  evacuated.  The  analysis  corresponds  with 
MoOC1.3H20,  but  the  salt  was  dried  in  a desiccator.  If  the  oxychloride  be  precipitated 
from  a soln.  of  about  a quarter  the  concentration  here  indicated,  the  analysis  corresponds 
closely  with  MoOC1.4H20. 

It  is  assumed  that  the  formation  of  molybdenyl  chloride  in  aq.  soln.  of  potassium 
molybdenum  hexachloride  is  a result  of  a series  of  hydrolytic  reactions  R3[MoC16] 
+H2CMR2[MoC15(H20)]+RC1  ; R2[MoC15(H20)]+H2O^R[MoC14(H20)2]+RC1  ; 

R[MoC14(H20)2]  + H20  ^ MoC13.3H20  + RC1 ; MoCl3.nH20  ^ MoC12(OH)  + HC1 
+(w— 1)H20 ; and  MoC12(OH)^MoOC1+HC1.  The  mol.  wt.  of  molybdenyl 
chloride  calculated  from  the  f.p.  of  aq.  soln.  containing  0-1682  and  0-2531  grm. 
of  salt  in  10  grms.  of  water  was  respectively  186-1  and  191*3.  The  salt  is  thus  in 
all  probability  hydrolyzed  in  aq.  soln. ; [Mo0C1.4H20]+H20^[Mo0.5H20]  '+C1'. 
The  hydrolysis  thus  yields  a binary  electrolyte.  The  progressive  hydrolysis  is 
shown  by  the  fact  that  aq.  soln.  at  1°  have  a mol.  conductivity  /z=33-7  for  w=4 
after  4 min,  and  /x= 50-8  after  220  min.  ; and  for  soln.  with  v=25,  fi— 33,  after 
2 min.,  and  after  40  min.,  [J.—&5-2.  The  dried  solid  is  buff-coloured ; and  it  does  not 
deliquesce  in  air,  although  its  titration  value  gradually  ,f alls  owing  to  air  oxidation. 
It  is  readily  soluble  in  water  and  in  cone,  hydrochloric  acid,  yielding  amber  and 
reddish-brown  soln.  It  is  insoluble  in  acetone  or  ether,  but  dissolves  slightly  in 
cold,  and  readily  in  hot  absolute  alcohol.  Cupric  and  mercuric  chlorides  are  reduced 
to  the  “ ous  ” condition,  with  further  reduction  to  the  metal  by  use  of  excess  of  the 
oxychloride.  Ferric  chloride  also  is  readily  reduced  to  the  “ ous  ” state.  Sulphur, 
on  boiling  with  a soln.  of  the  solid,  yields  hydrogen  sulphide.  Sodium  and 
ammonium  hydroxides  give  black,  flocculent  precipitates,  readily  soluble  in  acids, 
which  are  probably  the  trihydroxides.  Potassium  cyanide  reacts  similarly. 
Potassium  ferricyanide  gives  a deep  red  coloration.  Silver  nitrate  is  reduced  to 
the  metal,  whilst  lead  acetate  acidified  with  acetic  acid  gives  no  precipitate  of 
lead  chloride,  indicating  the  absence  of  the  chloride  ion.  Tungsten  and  uranium 
do  not  yield  analogues  of  molybdanyl  monochloride,  but  vanadium,  which  should 
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resemble  it  by  reason  of  its  diagonal  position  in  the  periodic  table,  forms  a brown, 
insoluble  oxychloride,  YOC1.  An  oxychloride  of  chromium,  CrCl(OH)2,  has  been 
described,  but  the  general  method  of  preparation  of  tervalent  chromium  oxy- 
chlorides is  not  satisfactory. 

A green  modification  of  molybdanyl  chloride,  MoOC1.4H20,  has  also  been 
prepared  : 

A sotn.  of  60  grms.  of  molybdenum  trioxide  in  390  c.c.  of  hydrochloric  acid  of  sp.  gr. 
1-16,  was  diluted  to  500  c.c.,  electrolyzed  for  4 hours  in  a diaphragm  cell  and  concentrated 
at  50°  under  diminished  press,  to  250  c.c.  This  cone,  soln.,  in  which  the  molybdenum  was 
quinquevalent,  was  then  re-electrolyzed.  On  prolonged  electrolysis,  the  soln.  because 
green  and  the  cone,  of  “ free  ” acid  diminished.  At  this  stage,  a portion  of  the  soln., 
on  being  poured  into  acetone,  gave  a bluish-green  precipitate,  a typical  hydrolyzed 
product.  The  cell  was  now  cooled  in  ice,  and  the  cathode  liquid  forced  by  the  press,  of 
carbon  dioxide  into  an  equal  vol.  of  ice-cold  ION-  hydrochloric  acid.  The  olive-green 
soln.  thus  produced  was  poured  into  air-free  acetone  and  a green  solid  then  separated  in 
excellent  yield.  It  was  filtered  off,  washed  with  acetone,  and  dried  in  a vacuum  desiccator. 
All  these  operations  were  performed  in  an  atmosphere  of  carbon  dioxide,  air  being  rigidly 
excluded. 


The  mol.  wts.  calculated  from  the  depression  of  the  f.p.  of  water  containing 
0-2302  and  0-9774  grm.  of  the  salt  in  10  grms.  of  water  were  respectively  161‘-7 
and  191-4.  The  mol.  conductivities  of  a soln.  with  v-5-7  at  1°  were  42-77  after 
the  lapse  of  one  minute,  and  53-6  after  the  lapse  of  7 min.  The  freshly-precipitated 
solid  is  green,  but  on  drying  it  becomes  greyish-green.  On  exposure  to  the  air, 
it  darkens  in  colour  and  hydrolyzes.  It  is  more  readily  soluble  in  water  and  in  cone, 
hydrochloric  acid  than  its  brown  isomeride,  but  is  insoluble  in  alcohol.  It  has 
similar  reducing  properties  to  the  brown  oxychloride,  but  is  much  more  reactive. 
The  results  agree  with  the  assumption  that  the  two  isomerides  have  the  co-ordination 
formula  [Mo0C1.4H20] ; and  the  reactions  with  sodium  salicylate  favour  the 
assumption  that  the  red  and  green  modifications  are  respectively  cis-  and  trans- 
isomerides  : 


Trans-  or  green  form. 


0 


W.  Wardlaw  and  R.  L.  Wormell  showed  that  by  double  decomposition  of  the 
theoretical  amounts  of  molybdanyl  monochloride  and  the  alkali  salts  of  benzoic, 
tartaric,  and  phosphoric  acids,  respectively,  in  air-free,  aq.  soln.,  reactions  occur 
in  accordance  with  the  equations  : Mo0Cl-|-C6H5.C02Na=C6H5.CO2.MoO-f-Na(Jl ; 
2MoOCl  + NaKC4H406  = (Mo0)2C4H406  + NaCl  + KC1 ; 3MoOCl  + Na2HP04 
=(Mo0)3P04+2NaCl-f  HC1.  These  insoluble  molybdanyl  salts  are  all  buff-coloured 
and  undergo  gradual  hydrolysis  in  contact  with  water.  They  are  best  purified  by 
washing  with  dil.  soln.  of  the  corresponding  acids.  Soln.  of  sodium  oxalate  and 
normal  sodium  citrate  also  give  well-defined,  buff  precipitates  when  they  are  added 
to  a soln.  of  molybdanyl  chloride.  These  precipitate's  are  probably  the  corre- 
sponding molybdanyl  salts. 

W.  R.  Bucknall  and  co-workers  prepared  potassium  molybdenum  dichloride, 
KMoOC12.3H20,  in  the  following  manner : 350  c.c.  of  the  green  soln.  containing 
35  grms.  of  molybdenum  trioxide  were  cone,  to  about  120  c.c.,  and  re-electrolyzed 
for  an  hour  to  ensure  the  complete  reduction  of  the  molybdenum  to  the  tervalent 
form.  250  c.c.  of  a 10  per  . cent.  soln.  of  potassium  chloride  were  added,  and  the 
whole  was  cone,  nearly  to  dryness  under  reduced  press,  at  70°.  The  red  salt  formed 
was  then  removed  and  the  filtrate  treated  with  alcohol,  whereby  a bright  yellow 
substance  was  precipitated.  This  was  filtered,  washed  with  alcohol,  and  dried  in 
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vacuo.  It  was  slowly  soluble  in  water  to  a reddish-brown  soln.,  and  after  a time 
the  solid  turned  greenish-brown.  The  mol.  conductivity  increased  with  time,  and 
agreed  with  the  assumption  that  the  co-ordination  formula  is  K[MoOC12(H20)3]. 
The  salt  is  rapidly  hydrolyzed  in  aq.  soln.  By  similarly  treating  a green  soln.  with 
ammonium  chloride,  an  impure  ammonium  molybdenum  chloride,  probably 
(NH4)[Mo(OH)C13(H20)2],  was  formed. 

It  is  doubtful  if  molybdenyl  trichloride,  M0OCI3,  has  been  prepared,  although 
complex  salts,  RCI.MoOC13,  are  known.  C.  W.  Blomstrand  2 obtained  a product 
of  the  composition  Mo9OgCl32,  by  the  action  of  chlorine  on  an  intimate  mixture  of 
molybdenum  dioxide  and  carbon  heated  by  an  alcohol  lamp  ; and  also  by  passing 
chlorine  over  incompletely  reduced  molybdenum  oxide.  I.  Nordenskjold  regarded 
the  product  as  a mixture  of  Mo02C12  and  MoC15  ; and  P.  Klason,  as  molybdenyl 
trichloride.  C.  W.  Blomstrand  described  it  as  a dark  green  mass  of  tabular  crystals  ; 
it  melts  and  vaporizes  below  100°.  It  is  stable  when  heated  in  a sealed  tube,  and 
in  thin  layers  in  direct  sunlight,  it  acquires  a reddish  colour.  It  quickly  decomposes 
when  exposed  to  air  and  becomes  blue.  It  can  be  sublimed  in  hydrogen.  The 
vapour  is  dark  reddish-brown.  It  is  vigorously  attacked  by  water ; it  forms  a 
green  soln.  with  a small  proportion  of  water — a single  drop  of  water  colours  it  blue 
— and  with  more  water  a blue  precipitate  is  formed.  H.  Fleck  and  E.  F.  Smith 
found  that  the  compound  reacts  with  ethylamine  ; and  I.  Nordenskjold  obtained 
complexes  by  adding  aliphatic  amines  or  pyridine  to  the  soln.  in  hydrochloric  acid. 
This  soln.  is  supposed  to  contain  MoOCl3.2HCl,  or  H2[MoOC15],  for,  with  alkali 
or  organic  ammonium  chlorides,  it  yields  complex  salts  of  the  type  R2[MoOC15). 
For  a similar  reason,  green  soln.  of  molybdenum  pentachloride  are  supposed  to 
contain  molybdenyl  trichloride.  If  the  green  soln.  is  diluted  with  water,  it  becomes 
brown  owing  to  the  formation  of  colloidal  Mo(OH)5,  but  when  hydrochloric  acid  is 
added  the  soln.  becomes  green.  J.  J.  Berzelius  showed  that  a soln.  of  molybdenum 
trioxide  is  readily  reduced  by  hydriodic  acid,  and  F.  Mauro  and  L.  Danesi  showed 
that  the  molybdenum  trioxide  is  reduced  to  a quinquevalent  form  with  the  liberation 
of  an  atom  of  iodine  per  mol.  of  the  trioxide.  The  reaction  was  utilized  in  the 
iodometric  determination  of  molybdenum  by  C.  Friedheim  and  H.  von  Euler- 
Chelpin,  and  F.  A.  Gooch  and  co-workers. 

G.  Bailhache  prepared  ammonium  molybdenyl  pentachloride,  2NH4C1.MoOC13, 
or  (NH4)2[MoOC15],  by  crystallization  from  a soln.  of  potassium  molybdenyl  oxalate 
and  ammonium  chloride  in  hydrochloric  acid  ; and  by  passing  hydrogen  chloride 
into  a soln.  of  molybdenum  trioxydisulphate,  Mo203(S04)2,  and  ammonium  chloride. 
P.  Klason  also  obtained  this  salt  by  adding  a mol  of  ammonium  iodide,  and  0*1 
mol  ammonium  chloride  per  gram-atom  of  molybdenum,  to  a soln.  of  200  grms.  of 
ammonium  molybdate  in  600  c.c.  of  fuming  hydrochloric  acid ; distilling  off  the 
iodine  on  a sand-bath  with  fresh  additions  of  hydrochloric  acid  ; and  saturating  the 
liquid  with  hydrogen  chloride.  The  green  liquid  was  allowed  to  stand  for  crystal- 
lization. F.  Forster  and  E.  Fricke  obtained  the  salt  by  electrolytically  reducing  a 
soln.  of  molybdenum  trioxide  in  hydrochloric  a'pid,  and  subsequently  adding 
ammonium  chloride  to  the  liquid.  R.  G.  James  and  W.  Wardlaw  used  the  following 
process : 

100  grms.  of  molybdenum  trioxide  were  dissolved  in  500  c.c.  of  hot  hydrochloric  acid 
of  sp.  gr.  1-16,  and  the  soln.  evaporated  to  250  c.c.,  filtered,  and  made  up  to  500  c.c.  with 
hydrochloric  acid.  150  c.c.  of  this  liquid  were  placed  in  a diaphragm  cell  containing 
10jV-NH4OH  and  a small  quantity  of  ammonium  chloride.  On  electrolysis  with  a current 
density  of  0-1  amp.  per  sq.  cm.,  and  continuous  saturation  of  the  cathode  with  hydrogen 
chloride,  a good  yield  of  the  salt  separated  out. 

The  lowering  of  the  f.p.  of  aq.  soln.  agrees  with  a mol.  wt.  of  about  36  when  the 
mol.  wt.  of  (NH4)2MoC15  is  325-3.  The  electrical  conductivities  of  soln.  with  a mol 
of  the  salt  in  199-2,  796-8,  1593-6,  and  3187;2  litres  of  water  are,  respectively,  755-3, 
865-6,  916-8,  and  948.  The  results  are  taken  to  agree  with  the  assumption  that  the 
complex  MoOCl5,/-ion  is  unstable  and  that  ionization  and  hydrolysis  occur  in 
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accord  with  jt2[Mo0Cl6]+H20^R[Mo0Cl4,H20]-|-RCl ; R[MoOC14,H20]+H20 
^ [Mo0C13.2H20]  -f  RC1 ; [MoOC13,2H20]  + H20  ^ [Mo0(0H)C12>2H20“]  + HC1 ; 
[Mo0(0H)C12.2H20]  + H20  = [Mo0(0H)2C1,2H20]  + HC1=[Mo02C1,3H20]  + HC1 ; 
[Mo02CI,3H20]+H20^[Mo02(OH),3H20]-fHCl.  Whence  at  infinite  dilution : 
R2[MoOC15]+5H20^[Mo02(OH),3H20]+2RC1+3HCI.  This  agrees  with  the 
observed  fact  that  10  ions  per  mol.  are  produced  at  infinite  dilution.  Additional 
confirmation  of  this  scheme  of  ionization  for  the  complex  salts  is  afforded  by  the 
isolation  of  the  intermediate  products  R[MoOC14,H20],  R[Mo02C12,2H20],  and  an 
oxychloride,  [Mo204(OH)C1,4H20],  which  may  be  considered  as  derived  from  the 
intermediate  substances  [Mo02C1,3H20]  and  [Mo02(OH),3H20].  According  to 
P.  Klason,  the  green,  octahedral  crystals  are  stable  in  air,  and  easily  soluble  in 
water.  The  salt  can  be  reprecipitated  from  its  aq.  soln.  by  passing  in  hydrogen 
chloride.  The  salt  in  aq.  soln.  is  hydrolyzed,  and  it  may  then  suffer  auto-reduction 
to  form  molybdenum  blue.  The  salt  is  decomposed  by  alcohol.  In  addition  to 
the  green  salt,  H.  Winkler  obtained  a brown  form  by  evaporating  on  a water-bath 
the  green  mother-liquid  from  the  green  salt  until  a film  of  crystals  appears  on  the 
surface,  and  cooling  the  liquid  by  ice- water.  If  the  crystals  are  green,  the  treatment 
is  repeated  on  the  mother-liquid.  The  brown,  cubic  crystals  are  stable  in  air ; 
and  they  are  easily  auto-oxidized.  They  form  a green  soln.  with  water — vide  infra. 
A.  Rosenheim  and  M.  Koss,  G.  Scagliarini,  R.  G.  James  andW.  Wardlaw,  and  J.  Sand 
and  0.  K.  H.  Burger  obtained  complex  salts  with  pyridine ; and  R.  G.  James  and 
W.  Wardlaw,  salts  with  quinoline,  and  with  trimethylammonium.  I.  Nordenskjold 
prepared  potassium  molybdenyl  pentachloride,  K2MoOC15.2H20,  by  adding 
the  calculated  quantity  of  hydriodic  acid  to  a soln.  of  molybdenum  trioxide  in 
fuming  hydrochloric  acid,  driving  off  the  free  iodine,  saturating  the  soln.  with 
hydrogen  chloride,  adding  the  calculated  quantity  of  potassium  chloride,  and  con- 
centrating the  soln.  in  a current  of  hydrogen  chloride.  P.  Forster  and  E.  Fricke, 
and  R.  G.  James  and  W.  Wardlaw  also  prepared  this  salt.  The  lowering  of  the 
f.p.  of  aq.  soln.  agrees  with  an  apparent  mol.  wt.  of  about  40  when  the  theoretical 
value  for  K2MoOC15  is  367-5.  The  electrical  conductivities  of  soln.  of  a mol  of  the 
salt  in  36-54,  292-3,  584-6,  and  1169-3  litres  of  water  are,  respectively,  676-6,  834-3, 
987-3,  and  954.  G.  G.  Henderson  added  potassium  chloride  to  a cone.  soln.  of 
molybdic  hydroxide  in  hydrochloric  acid,  and  saturated  the  liquid  with  hydrogen 
chloride  ; and  he  also  treated  a soln.  of  molybdenum  trioxide  in  hydrochloric  acid 
with  potassium  amalgam.  The  dark  green,  rhombic  prisms  are  stable  in  air  ; and 
when  it  is  treated  in  hydrochloric  acid  soln.  with  potassium  amalgam, 
K3Mo0C16.2H2O  is  formed.  I.  Nordenskjold  prepared  rubidium  molybdenyl 
pentachloride,  Rb2MoOCl6,  in  a similar  manner,  and  obtained  green,  rhombic 
octahedral  crystals,  which  are  less  soluble  than  the  potassium  salt.  This  salt  was 
also  prepared  by  F.  Forster  and  E.  Fricke,  and  by  R.  G.  James  and  W.  Wardlaw 
as  indicated  above.  The  lowering  of  the  f.p.  of  aq.  soln.  agrees  with  an  apparent 
mol.  wt.  of  about  36  when  the  theoretical  value  for  Rb2MoOCl3  is  460-3.  The 
electrical  conductivities  of  soln.  with  a mol  of  the  salt  in  51-14,  409-1,  818-2  and 
1636-4  litres  of  water  are,  respectively,  688,  849,  910,  and  973.  I.  Nordenskjold 
prepared  sparingly  soluble  caesium  molybdenyl  pentachloride,  Cs2MoOC15,  which 
forms  yellowish-green,  rhombic,  octahedral,  sparingly -soluble  crystals.  The  salts 
R2MoOC15,  generally  crystallize  in  the  rhombic  system,  and  range  in  colour  from 
dark  green  through  shades  of  emerald-green  to  yellowish-green.  The  pyridine  salt 
exhibits  a strong  pleochroism  and  has  a very  high  double  refraction.  When  exposed 
to  a moist  atm.,  these  salts  more  or  less  rapidly  turn  reddish-brown,  in  which  con- 
dition they  are  very  susceptible  to  aerial  oxidation,  molybdenum  blue  being 
formed.  The  pyridinium  and  the  ditrimethylammonium  salts  give  a bright 
copper-red  substance  at  one  stage  of  these  changes.  The  potassium  and  the  sub- 
stituted-ammonium  salts  are  the  most  sensitive,  and  the  quinolinium  the  least 
sensitive,  to  the  action  of  moist  air.  All  the  complex  salts  are  soluble  in  water, 
the  cone.  soln.  being  reddish-brown,  passing  through  orange  to  bright  yellow  on 
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dilution.  On  sat.  with  hydrogen  chloride,  these  aq.  soln.  finally  turn  emerald-green 
and  from  sufficiently  cone.  soln.  the  complex  salts  separate.  Alcohol  dissolves 
all  these  green  salts,  and  from  the  soln.  of  the  alkali  complex  salts,  alkali  chlorides 
separate  on  heating.  The  pyridinium  salt  under  these  conditions  yields  a red 
precipitate,  which  will  be  referred  to  in  detail  later.  The  addition  of  pyridine  or 
quinoline  to  aq.  soln.  of  any  of  the  complex  salts  gives  a brown,  insoluble  precipitate. 

R.  G.  James  and  W.  Wardlaw  prepared  trimethylammonium  molybdenyl 
tetrachloride,  R[Mo0C14(H20)],  as  follows : 75  c.c.  of  the  soln.  of  molybdenum 
oxide,  indicated  above,  were  electrolytically  reduced  to  the  quinquevalent  stage, 
and  were  concentrated  on  a water-bath  under  diminished  press,  to  20-25  c.c.  Thirty 
c.c.  of  a soln.  of  11  grms.  of  trimethylamine  hydrochloride  were  now  admitted  by 
releasing  the  vacuum,  and  the  mixture  was  heated  to  boiling  under  diminished 
press.  The  soln.  was  then  sat.  with  hydrogen  chloride  while  it  was  being  cooled, 
finally  in  a freezing-mixture,  and  the  emerald-green  crystals  thus  obtained  were 
filtered,  washed  with  cone,  hydrochloric  acid,  and  dried  in  a vacuum  over  solid 
potassium  hydroxide  and  phosphoric  oxide.  The  mol.  wt.  by  the  cryoscopic  process 
is  about  47,  when  the  mol.  wt.  of  (CH3)3HNMo0C14H20  is  331-8.  The  mol.  con- 
ductivity, fi,  of  a soln.  in  v litres  of  water  is  : 

v . . 35-6  71-2  142-4  284-8  569-0  1139-2  2278-4  4556-8 

M . .580  614  657  706  773  852  849  874 

The  calculated  value  for  at  0°  is  nearly  880,  on  the  scheme  of  ionization  and 
hydrolysis  indicated  above,  when  there  are  8 ions  produced  per  mol. 

According  to  J.  Sand  and  O.  K.  Burger,  when  green  pyridine  molybdenyl 
pentachloride  is  boiled  with  alcohol  and  cooled  there  separate  out  copper-red 
crystals  of  pyridinium  molybdenyl  dichloride,  C5H0N.MoO2C12.2H2O.  The  salt  was 
also  prepared  by  R.  G.  James  and  W.  Wardlaw.  The  mol.  wt.  by  cryoscopic 
methods  ranges  from  61-6  to  86-06  when  the  value  for  C5H6N.Mo02C12(H20)  is 
296-9.  The  mol.  conductivity,  at  0°,  of  a soln.  of  a mol  of  the  salt  in  v litres  is  : 

v . . 20-56  41-12  164-5  329  1316 

M . . 185  210-6  275-1  312-0  336-0 

These  results  are  explained  by  the  assumption  that  in  aq.  soln.  the  pyridinium 
salt  undergoes  ionization  and  hydrolysis  in  accordance  with  the  scheme : 
Mo02C12,2H20  + C5H6N  + H20  ^ C5H6NC1  + Mo02C1  + 2H20  ^ C5H6N'  + Cl' 
+Mo02C1.3H20 ; Mo02C1.3H20+H20^MoO2(0H),3H20+ H'+Cl'.  R.  G.  James 
and  W.  Wardlaw  prepared  molybdenum  tetroxyhydroxychloride,  Mo204(OH)C1. 
4H20— mol.  wt.  380-5— as  follows  : The  reddish-brown  soln.  of  quinquevalent 
molybdenum,  obtained  by  the  electrolytic  reduction  of  150  c.c.  of  molybdic  acid 
soln.,  was  cone,  on  a water-bath  under  diminished  press,  until  a dark,  viscous  mass 
was  obtained.  Pure,  dry  acetone  was  admitted  in  small  portions  with  frequent 
shaking  and  warming,  until  the  mass  just  dissolved,  giving  a deep  brown  soln. 
This  was  poured  with  constant  stirring  into  a large  volume  of  dry  ether  and  a 
bulky  reddish-brown  precipitate  separated,  which  was  washed  with  dry  ether  and 
kept  over  solid  potassium  hydroxide  in  vacuo.  This  salt  is  a reddish-brown  powder, 
readily  soluble  in  water  and  in  alcohol,  giving  deep  reddish-brown  soln.  which  on 
dilution  become  bright  yellow.  The  aq.  soln.  is  acid  to  litmus  and  reduces  soln. 
of  silver  salts.  The  brown  aq.  or  alcoholic  soln.  of  the  compound  turn  emerald- 
green  on  saturation  with  hydrogen  chloride,  and  complex  salts  of  the  type 
R2MoOC15  may  be  isolated  from  them.  On  heating,  the  chloride  decomposes  with 
evolution  of  hydrogen  chloride.  The  mol.  wt.  by  the  Cryoscopic  process  is  157-9  to 
205-7.  These  results  indicate  that  two  ions  are  present  in  the  more  cone.  soln. 
and  three  individuals  in  the  more  dil.  This  is  satisfactorily  explained  by  the  pro- 
gressive hydrolysis  Mo204(0H)C1+  H20^Mo204(0H),H20+C1^Mo204(0H),H20- 
-fCr  or  Mo204(0H)Cl-fH20^Mo204(0H)2-f  H'+Cl'. 

H.  Rose, 3 and  J.  J.  Berzelius  prepared  molybdenum  dioxydichloride,  Mo02C12, 
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as  a sublimate  by  the  action  of  dry  chlorine  on  heated  molybdenum  dioxide  ; and 
also  by  heating  a mixture  of  molybdenum  trioxide,  potassium  hydrosulphate,  and 
sodium  chloride  ; W.  Puttbach,  and  0.  Ruff  and  F.  Eisner,  by  passing  chlorine  over 
a heated  mixture  of  molybdenum  trioxide  and  carbon  ; and  C.  W.  Blomstrand,  by 
the  action  of  oxygen  on  molybdenum  chloride  or  oxychloride,  or  by  exposing  the 
substances  to  moist  air  in  the  cold.  According  to  C.  W.  Blomstrand,  the  yellowish- 
white,  scaly  crystals  in  the  presence  of  some  of  the  other  oxychlorides  may  produce 
a red  coloration.  The  crystals  have  a bitter,  and  acidic  taste.  The  salt  volatilizes 
without  melting,  but  it  can  be  melted  in  a sealed  tube.  It  is  hydrolyzed  by  water, 
M0O2CI2+H2O— M0O3+2HCI.  A.  W.  Cronander  observed  that  with  phosphorus 
pentachloride,  molybdenum  diphosphotetrcidecachloride,  MoC14.2PC15,  is  formed.  The 
salt  is  soluble  in  water,  alcohol,  and  ether.  W.  Hampe  said  that  the  soln.  in  alcohol 
is  an  electrical  conductor,  but  the  soln.  in  ether  is  a non-conductor  unless  a trace 
of  water  be  present.  Hydrogen  reduces  the  salt  to  molybdenum  dioxide.  E.  Wein- 
land  and  W.  Knoll  obtained  six-sided  plates  of  ammonium  molybdenum  dioxy- 
tetrachloride,  2NH4Cl.MoO2Cl2.2H2O,  or  Mo(ONH4)2C14.2H20,  or  (NH4)2[Mo02Cl4]. 
2H20,  from  a soln.  of  molybdenum  trioxide  in  cone,  hydrochloric  acid,  saturated 
with  ammonium  chloride  ; greenish-yellow,  six-sided  plates  of  potassium  molyb- 
denum dioxytetrachloride,  K2[Mo02Cl4].2H20,  were  obtained  in  a similar  way 
from  soln.  with  Mo03  : KC1=1 : 1 ; likewise  with  six-sided  plates  of  rubidium 
molybdenum  dioxytetrachloride,  Rb2[Mo02Cl4],  and  yellowish-green,  hygroscopic 
crystals  of  caesium  molybdenum  dioxytetrachloride,  Cs2[Mo02C14].  The  salts 
are  hydrolyzed  by  water.  The  mother-liquor  obtained  in  preparing  the  potassium 
salt  also  furnishes  six-sided  plates  of  potassium  molybdenum  dioxytrichloride, 
K[Mo02C13(H20)],  or  MoC13(OK).(OH)2,  and  the  same  salt  is  deposited  by  soln. 
with  Mo03  : KC1=3  : 1 ; and  similarly  with  rubidium  molybdenum  dioxytri- 
chloride, Rb[Mo02Cl3(H20)],  and  caesium  molybdenum  dioxytrichloride, 
Cs[Mo02C13(H20)].  The  mother-liquor  employed  in  the  preparation  of  the 
potassium  salt  furnishes  aggregates  of  prisms  of  potassium  trimolybdenum 
dioxyheptachloride,  KCI.3M0O2CI2,  or  K[Mo306C17].3H20  ; and  similarly  with 
caesium  trimolybdenum  dioxyheptachloride,  CsC1.3Mo02C12.11H20,  which  is  also 
obtained  from  a hydrochloric  acid  soln.  with  Mo03 : CsCl=8  to  12:1.  The 
prismatic  crystals  are  very  hygroscopic.  The  constitution  of  these  salts  can  be 
represented  by  : 

0 0 0 

M0.O.M0.O.M0.OK 

ci3  ci2  ci2 

W.  Puttbach  4 reported  molybdenum  oxytetrachloride,  MoOCl4,  to  bo  formed  by  the 
action  of  molybdenum  pentachloride  on  molybdenum  dichloride  ; and  by  the  action  of 
chlorine  on  a mixture  of  molybdenum  and  its  dioxide.  The  green,  crystalline  sublimate  is 
hygroscopic,  and  on  exposure  to  air  acquires  a red  film.  This  compound  was  represented  by 
C.  W.  Blomstrand  by  the  formula  Mo9OsC12.  P.  Klason  regarded  it  as  containing 
M0OCI3  ; but  I.  Nordenskjold  showed  that  it  is  probably  a mixture  of  molybdenum 
pentachloride  and  molybdenum  dichloride. 

C.  W.  Blomstrand  observed  that  in  the  preparation  of  molybdenyl  trichloride,  a much 
less  volatile  molybdenum  trioxyhexachloride,  Mo203C1„,  is  formed ; and  W.  Puttbach 
obtained  the  same  product  by  repeatedly  subliming  molybdenyl  tetrachloride  in  a current 
of  carbon  dioxide.  The  deep  violet,  or  ruby-red  crystals  are  stable  in  dry  air,  but  they 
gradually  decompose  in  moist  air.  The  salt  is  hydrolyzed  by  water.  W.  Hampe  found 
that  it  forms  a yellow,  non-conducting  soln.  with  ether.  When  the  violet  salt  is  heated 
in  a current  of  carbon  dioxide,  C.  W.  Blomstrand,  and  W.  Piittbaeh  found  that  molybdenum 
pentoxyoctochloride,  Mo306C18,  is  formed  in  radiating  masses  of  red  needles  which  are 
stable  in  air  ; they  are  insoluble  in  hydrochloric  acid,  and  in  cold  sulphuric  acid  ; and 
soluble  in  hot  sulphuric  acid,  in  nitric  acid,  and  in  aq.  ammonia. 

Some  intermediate  oxychlorides  have  been  reported.  Thus,  W.  Puttbach  heated 
molybdenyl  tetrachloride  in  a current  of  hydrogen,  and  obtained  molybdenum  trioxyhepta- 
chloride,  Mo303C17,  as  the  chief  product  along  with  some  molybdenum,  and  molybdenum 
dichloride.  The  dark  violet,  acicular  crystals  are  treated  with  water  to  decompose  the 
unchanged  molybdenyl  chloride.  The  brown,  acicular  crystals  volatilize  without  melting, 
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and  are  slightly  soluble  in  hydrochloric  acid  ; and  form  a colourless  soln.  with  nitric  acid, 
or  alkali-lye.  W.  Piittbach  also  said  that  molybdenum  trioxytetrachloride,  Mo203C1,,  is 
obtained  as  an  easily  volatilized  sublimate  in  the  preparation  of  molybdenum  tetrachloride. 
C.  W.  Blomstrand  prepared  molybdenum  trioxypentachloride,  Mo203CI6,  by  heating 
molybdenum  hemitrioxide  in  dry  chlorine,  and  subliming  the  product  in  hydrogen.  The 
brown  or  brownish-black  product  easily  melts,  and  it  sublimes  slowly  giving  dark  reddish- 
brown  vapours.  It  deliquesces  in  moist  air  forming  a blue  liquid.  It  is  easily  soluble  in 
water— the  soln.  becomes  green,  and  then  blue.  With  an  excess  of  water,  a blue  precipitate 
is  formed. 

H.  Debray 5 prepared  molybdenum  irioxybishydrochloride,  or  molybdenyl 
dihydroxydichloride,  or  molybdenum  oxydihydroxydichloride,  Mo03.2HC1,  or 
MoO(OH)2C12,  or,  according  to  A.  Werner,  H2[Mo03C12],  bypassing  hydrogen  chloride 
over  molybdenum  trioxide  at  150°  to  200°.  It  collects  as  a sublimate  beyond  the 
heated  zone.  E.  Pechard,  and  E.  F.  Smith  and  V.  Oberholtzer  obtained  it  by  heating 
a non-volatile  molybdate  to  360°-400°  in  a current  of  hydrogen  chloride.  According 
to  H.  Debray,  the  compound  forms  white,  or  if  slowly  cooled,  yellowish  needles  which 
are  very  easily  volatilized  in  a current  of  hydrogen  chloride,  but  are  decomposed 
when  heated  in  air.  This  volatility  enables  molybdenum  to  be  separated  from 
silica,  tungsten  trioxide,  and  other  substances  which  do  not  form  chlorides  volatiliz- 
able  at  about  400°.  A.  Yandenberghe’s  observations  on  the  vap.  density  show  that 
the  compound  is  somewhat  dissociated  at  160°.  H.  Debray  said  that  the  salt  is 
easily  soluble  in  water,  and  when  the  aq.  soln.  is  evaporated,  it  deposits  molybdenum 
trioxide.  E.  Pechard  found  that  the  salt  is  readily  soluble  in  ether,  so  that  it  can 
be  extracted  by  ether  from  a cone,  hydrochloric  acid  soln.  of  a molybdate,  and  the 
ethereal  soln.  deposits  crystals  of  an  ethereal  complex  ; the  salt  is  also  soluble  in 
alcohols,  acetone,  ether,  and  glacial  acetic  acid.  B.  Kalischer  observed  some 
reduction  accompanied  by  the  smell  of  aldehyde  with  the  alcoholic  soln. 
A.  Vandenberghe  found  from  the  effect  of  the  salt  on  the  f.p.  of  glacial  acetic  acid 
that  the  mol.  wt.  is  114-4  to  123-0  ; acetic  acid,  156-0  to  314-1  ; and  water,  38-4  to 
57-8  ; while  its  effect  on  the  b.p.  of  ethyl  ether  agrees  with  the  mol.  wt.  208-6  to 
229  0;  acetone,  220-8  to  236-1  ; methyl  alcohol,  101-3  to  121-6  ; and  ethyl  alcohol, 
160-0  to  181-8.  The  data  with  ether  and  acetone  are  in  agreement  with  the  normal 
mol.  wt.  ; with  alcohol,  the  salt  is  dissociated,  and  more  so  with  methyl  than 
with  ethyl  alcohol ; with  water,  the  decomposition  is  great. 

E.  Weinland  and  W.  Knoll  found  that  when  molybdenyl  dihydroxydichloride  is 
made  into  a mush  with  fuming  hydrochloric  acid,  and  the  mixture  warmed,  the 
mass  solidifies  to  form  crystalline  molybdenum  oxyhydroxytrichloride,  or 
molybdenyl  hydroxytrichloride,  MoO(OH)C13.7H20,  or 

H0/M°— C13-7H20 

The  salt  is  also  formed  by  saturating  with  hydrogen  chloride  a soln.  of  molybdenyl 
dihydroxydichloride  in  fuming  hydrochloric  acid,  and  evaporating  the  liquid  over 
sulphuric  acid  ; and  the  salt  has  been  found  to  separate  from  soln.  containing 
magnesium  or  calcium  molybdates.  The  pale  green  prisms  or  plates  are  very 
hygroscopic,  and  effloresce  over  sulphuric  acid  losing  at  the  same  time  some  hydrogen 
chloride.  The  salt  dissolves  in  water  without  depositing  molybdic  acid. 

C.  W.  Blomstrand  obtained  molybdenum  dihydroxytetrachloride,  Mo3(OH)2. 
CI4.2H9O,  by  adding  acetic  acid  to  an  alkaline  soln.  of  molybdous  chloride.  The 
dihydrate  is  a pale  yellow,  amorphous  salt  insoluble  in  water,  or  alcohol ; it  is  freely 
soluble  in  strong  acids  if  it  is  freshly  precipitated  and  washed  with  cold  water  ; 
if  washed  with  hot  water,  it  is  less  soluble  in  acids.  If  the  soln.  in  sulphuric  or 
nitric  acid  is  washed  with  water,  it  is  precipitated  as  a compact,  yellow  powder 
which  is  not  soluble  in  acids — cone,  sulphuric  acid  or  fuming  nitric  acid. 
C.  W.  Blomstrand  obtained  pale  yellow  crystals  of  the  octohydrate  by  precipitation 
from  an  alkaline  soln.  of  molybdous  acid  by  carbon  dioxide.  W.  Muthmann  and 
W.  Nagel  obtained  it  at  the  cathode  by  the  electrolysis  of  a soln.  of  molybdous 
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chloride  in  96  per  cent,  alcohol.  K.  Lindner  and  co-workers  found  that  at  35°  it  can 
be  represented  by  [Mo3C14(H20)2](OH)2.H20  ; at  67°-100°,  by  [Mo3Cl4(H20)2](0H)2  ; 
and  at  200°-300°,  it  forms  molybdenum  oxytetrachloride,  [Mo3C14(H20)2]0.  They 
also  prepared  a complex  acetate,  [Mo3Cl4(H20)2](C2H302)2. 

P.  Didier  6 did  not  succeed  in  preparing  chloromolybdates  analogous  to  the 
chlorotungstates. 
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§ 21.  Molybdenum  Bromides  and  Oxybromides 

C.  W.  Blomstrand 1 obtained  molybdenum  dibromide,  or  molybdous  bromide, 

MoBr2,  or  (MoBr2)3,  by  heating  the  tribromide  to  redness.  If  molybdenum  is 
heated  in  the  vapour  of  bromine,  molybdous  bromide  will  be  found  as  a non-volatile 
residue  in  the  part  subjected  to  the  strongest  heat.  It  is  purified  by  elutriation 
with  water  so  as  to  leave  the  unchanged  molybdenum  behind.  A.  Atterberg 
obtained  it  by  a similar  process ; and  K.  Lindner  and  H.  Helwig,  by  passing  nitrogen 
and  bromine  vapour  over  powdered  molybdenum  at  600°  to  700°.  The  vellowish- 
red  product  is  infusible.  It  is  insoluble  in  water  and  acids,  and  even  in  boiling 
nitric  acid.  W.  Muthmann  and  W.  Nagel  represent  the  bromide  by  the  formula 
[Mo3Br4]Br2.  Molybdous  bromide  is  completely  decomposed  by  alkali-lye  with  the 
separation  of  black  hydrated  molybdic  oxide,  while  it  is  freely  soluble  in  dil.  alkali-lye 
forming  a yellow  liquid  containing  alkali  bromide  and  Mo3(OH)2Br4  ; acids  precipi- 
tate from  this  soln.  various  complexes  [Mo3Br4]X2.wH20,  where  X2  denotes  F2, 
Cl2,  Br2,  I2,  S04,  (N03)2,  (H2P04)2,  Cr04,  Mo04,  C204,  etc.  If  hydrobromic  acid  be 
added  to  Mo3(OH)2Br4,  or  to  Mo3Br4I2,  the  trihydrate,  [Mo3Br4]Br2.3H20,  is  formed. 
K.  Lindner  discussed  the  constitution  of  these  compounds.  W.  Lederer  obtained  a 
yellowish-white  compound  by  the  action  of  bromine  or  bromine  water  on  molyb- 
denum. F.  W.  Bergstrom  studied  the  action  of  liquid  ammonia  and  obtained  an 
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ammoniobasic  halide.  K.  Lindner  and  H.  Helwig  prepared  molybdous  ammino- 
bromide,Mo3Br6(NH3)2.C2H5OH,  as  well  as  a complex  with  pyridine,  Mo3Br6.C5H5N. 
The  action  of  alcoholic  halogen  acids  furnishes  the  pyridine  salt  of  hydrobromo- 
molybdous  acids,  C6H5N.HMo3Br7 ; (C5H5N)5H5Mo6Br17.2C2H5OH ; and  also 
salts  of  mixed  hydrobromochloromolvbdous  acids. 

C.  W.  Blomstrand  2 prepared  molybdenum  tribromide,  or  molybdic  bromide, 
MoBr3,  by  passing  the  vapour  of  bromine  over  molybdenum  or  a mixture  of  molyb- 
denum dioxide  and  carbon  heated  by  an  alcohol  lamp  ; and  A.  Rosenheim  and 
H.  J.  Braun  obtained  it  by  passing  dry  carbon  dioxide  mixed  with  the  vapour  of 
dry  bromine  over  warm  molybdenum,  and  as  a brownish-red  soln.  by  the  electro- 
lytic reduction  of  a soln.  of  37  grms.  of  hydrated  molybdic  acid  in  240  c.c.  of  cone, 
hydrobromic  acid  by  a current  of  0*6  to  0-8  amp.  The  tribromide  forms  a dark 
green  or  black  mass  of  acicular  crystals.  It  volatilizes  with  difficulty,  and  when 
strongly  heated  yields  bromine  and  the  dibromide.  It  is  insoluble  and  not 
decomposed  by  water ; ammonia  gas  transformed  it  at  a low  temp,  into  molyb- 
denum ; boiling  hydrochloric  acid,  and  cold  dil.  nitric  acid  do  not  attack  it 
perceptibly;  dil.  alkali-lye  acts  slowly  in  the  cold,  whilst  the  boiling  *lye 
transforms  it  into  hydrated  oxide.  F.  W.  Bergstrom  studied  the  action  of 
liquid  ammonia,  and  obtained  a deep  red  soln.  and  an  ammoniobasic  bromide. 
When  a soln.  of  the  salt  is  treated  with  ammonium  bromide,  and  evaporated, 
A.  Rosenheim  and  H.  J:  Braun  obtained  black  rhombic  crystals  of  ammonium 
molybdenum  pentabromide,  (NH4)2MoBr5.H20.  The  salt  is  very  soluble  in 
water,  forming  a blood-red  soln.  F.  Forster  and  E.  Fricke  represented  it  by 
(NH4)2[MoBr6(H20)].  W.  Wardlaw  and  A.  J.  I.  Harding  prepared  potassium 
molybdenum  pentabromide,  K2MoBr5,  by  adding  20  c.c.  of  a soln.  of  1-5  grms.  of 
potassium  bromide  to  100  c.c.  of  a soln.  of  tervalent  molybdenum  bromide,  in  an 
air-free  flask,  and  cone,  at  65°-70°  under  reduced  press,  until  nearly  dry.  Alcohol 
was  introduced,  and  the  crystalline  brick-red  salt  separated  out.  By  a similar 
process  an  impure  rubidium  molybdenum  pentabromide  was  obtained ; and  the 
double  decomposition  of  the  potassium  salt  and  caesium  bromide  furnishes  caesium 
molybdenum  pentabromide,  Cs2MoBr5.H20.  They  also  prepared  potassium 
molybdenum  hexabrornide,  K3MoBr6,  by  adding  10  grms.  of  potassium  bromide,  in  a 
sat.  aq.  soln.,  to  200  c.c.  of  a soln.  of  tervalent  molybdenum  bromide,  and  concentrat- 
ing at  65°-70°  under  diminished  press,  to  about  100  c.c.  Air-free  alcohol  was  then 
admitted  to  the  flask,  and  the  excess  of  potassium  bromide  precipitated.  After 
filtration  in  an  atmosphere  of  carbon  dioxide,  the  filtrate  was  concentrated  to  40  c.c. 
On  addition  of  absolute  alcohol  a crystalline,  light  red  solid  was  obtained  which  was 
filtered  off  and  dried.  All  these  soluble  complex  salts  give  deep  red  soln.  with  water, 
in  which  both  potassium  salts  are  very  soluble,  the  rubidium  salt  is  sparingly 
soluble,  and  the  caesium  compound  insoluble.  The  aq.  soln.  gradually  turn  brown, 
then  turbid,  and  finally  yield  a dark  brown  precipitate.  This  decomposition  is 
accelerated  by  warming.  The  salts  reduce  copper  sulphate  soln.  to  cuprous  bromide, 
whilst  silver  nitrate  soln.  is  reduced  to  the  metal. 

C.  W.  Blomstrand  obtained  a small  yield  of  molybdenum  tetrabromide,  MoBr4, 
as  a product  of  the  action  of  bromine  on  heated  molybdenum.  Molybdenyl  dibro- 
mide sublimes  first ; green  molybdenum  tribromide  appears  near  the  hot  zone,  and 
most  distant  from  the  heated  metal  occur  black  needles  of  the  tetrabromide.  The 
exact  conditions  have  not  been  established.  The  salt  is  fusible  and  volatile ; it 
furnishes  brownish-red  vapour  ; it  easily  decomposes  into  the  tribromide  and 
bromine  ; it  deliquesces  rapidly  in  air  to  a black  liquid  ; and  it  gives  with  water 
a yellowish-brown  soln.  from  which  alkalies  precipitate  hydrated  molybdic  oxide. 

C.  W.  Blomstrand  3 found  that  a soln.  of  molybdous  bromide  in  alkali-lye  is 
gradually  decomposed  by  air  containing  carbon  dioxide  forming  golden-yellow 
crystals  of  molybdenum  dihydroxytetrabromide,  Mo3Br4(OH)2.8H20  ; the  crystals 
of  the  octohydrale  were  also  produced  by  adding  ammonium  chloride  to  a hot,  alkaline 
soln.  of  molybdous  bromide  ; and  by  adding  acetic  acid  to  an  alkali  soln.  of  molyb- 
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dous  bromide.  According  to  A.  Atterberg,  and  C.  W.  Blomstrand,  if  the  octohydrate 
be  dried  over  sulphuric  acid,  it  gives  the  dark  red  dihydrate ; and  if  one  of  the 
hydrates  be  dried  at  100°  or  in  vacuo  over  sulphuric  acid,  a red  powder  of 
the  anhydrous  salt  is  formed.  If  it  has  not  been  heated  over  90°,  it  dissolves  com- 
pletely in  alkali-lye.  The  octohydrate  forms  a yellow,  amorphous  powder  which 
rapidly  loses  water  in  air.  If  the  hydrate  be  heated  until  all  the  water  is  expelled, 
and  the  residue  treated  with  alkali-lye,  a black  powder — possibly  molybdous  oxide — 
remains.  Hydrochloric  acid  dissolves  the  product ; nitric  acid  attacks  the  salt ; 
and,  according  to  W.  Muthmann  and  W.  Nagel,  it  is  decomposed  by  alkali  hydroxide 
to  form  hydrated  molybdic  oxide.  The  alkaline  soln.  is  precipitated  by  acids  to 
form  mixed  salts,  [Mo3 Br4]  X2 . w H2  0 , as  indicated  above.  Hydrogen  sulphide  was 
found  by  A.  Atterberg  to  precipitate  hydrated  molybdic  oxide  ; and  A.  Atterberg 
also  studied  the  action  of  potassium  cyanide. 

According  to  A.  Atterberg,  an  alkaline  soln.  of  molybdenum  dihydroxytetra- 
bromide  yields  a dark  reddish-yellow  precipitate  of  molybdenyl  bromide, 
MoOBr,|H20,  when  treated  with  ammonium  molybdate  and  acetic  acid  ; the  colour 
becomes  reddish-brown  at  100°.  W.  Wardlaw  and  A.  J.  I.  Harding  prepared  the 
bromide  by  precipitating  a cone.  soln.  of  a tervalent  molybdenum  bromide  in 
acetone. 

25  grms.  of  molybdenum  trioxide  and  350  c.c.  of  the  hydrobromic  acid  were  heated 
under  a reflux  condenser  for  3 to  6 hours,  when  a golden-brown  liquid  was  finally  obtained. 
The  filtered  soln.  was  electrolyzed  in  a diaphragm  cell  with  smooth  platinum  electrodes,  a 
current  of  3-5  amps,  being  used,  until  the  cathode  soln.  was  reddish-brown.  This  soln.  was 
transferred  to  an  air-free  flask  and  cone,  at  70°  under  diminished  press,  to  80-100  c.c.  The 
liquid  was  then  transferred  to  a small  cell  and  re-electrolyzed  to  ensure  that  the  molybdenum 
was  tervalent.  The  electrolysis  was  continued  until  a sample  of  the  liquid  added  to  air- 
free  acetone  gave  a flocculent  fawn  precipitate  of  molybdenyl  bromide.  (If  the  electrolysis 
is  continued  beyond  this  stage,  the  product  is  hydrolyzed  and  is  much  darker  than  the 
true  compound.)  The  cathode  soln.  was  now  forced  by  press,  of  carbon  dioxide  into  air- 
free  acetone,  and  the  solid  which  separated  was  filtered  off  and  washed  with  acetone.  All 
these  operations  were  performed  in  an  atm.  of  carbon  dioxide,  air  being  rigidly  excluded. 
The  solid  was  transferred  to  a desiccator  which  was  then  evacuated. 

The  composition  is  MoOBr.4H20.  The  dried  solid  is  light  fawn  in  colour  and 
does  not  deliquesce  in  the  air,  although  it  gradually  undergoes  atm.  oxidation.  It  is 
readily  soluble  in  water  or  hydrobromic  acid,  its  solubility  in  water  being  greater 
than  that  of  the  oxychloride.  It  is  insoluble  in  acetone  or  dry  ether,  slightly  soluble 
in  cold  absolute  alcohol  and  more  soluble  on  warming.  The  substance  has  pro- 
nounced reducing  properties.  Silver  nitrate  is  reduced  to  the  metal,  whilst  with  lead 
acetate  acidified  with  acetic  acid  no  precipitate  of  lead  bromide  is  obtained.  This 
test  seems  to  indicate  that  molybdenyl  bromide  is  not  a binary  electrolyte.  The 
mol.  wts.  determined  by  the  depressions  of  the  f.p.  of  soln.  of  01235,  and  0-0640  grm. 
in  10  grms.  of  air-free  water  are,  respectively,  218-8  and  218-2.  This  agrees 
with  the  assumption  that  the  salt  is  a co-ordination  compound  [MoOBr.4H20], 
which  undergoes  gradual  hydrolysis,  [Mo0Br,4H20]+H20=[Mo0.5H20]Br 
=[Mo0.5H20]'-|-Br'.  This  view  receives  support  from  the  fact  that  the  mol.  wts. 
determined  with  soln.  of  the  solid,  after  standing  some  hours  in  ice-cold  water,  were 
considerably  less  than  those  quoted  above,  whilst  after  longer  periods  the  hydroxide 
of  molybdenum  gradually  separated.  The  mol.  conductivity  of  soln.  of  a mol  of 
the  salt  in  24  litres  of  water  at  1°,  changes  from  66-8  in  2 min.  to  78-2  in  9 min. 
The  rate  of  hydrolysis  is  faster  in  more  dil.  soln. 

E.  Weinland  and  W.  Knol-l  found  that  when  the  product  of  the  action  of  hydrogen 
bromide  on  heated  molybdenum  trioxide,  is  dissolved  in  warm,  40  per  cent,  hydro- 
bromic acid  until  bromine  is  no  longer  evolved,  and  the  soln.  crystallized  over 
sulphuric  acid,  green  hygroscopic  needles  of  molybdenum  hydroxytetrabromide, 
Mo(OH)Br4.2H20,  are  formed.  They  are  rapidly  decomposed  in  humid  air.  If  the 
soln.  used  in  the  preparation  of  this  salt  be  allowed  to  stand  over  soda-lime 
at  30°,  dark  brown,  hygroscopic  prisms  of  molybdenum  oxyhydroxydibromide,  or 
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molybdyl  dibromide,  Mo0(0H)Br2.l|-H20,  are  formed.  The  aq.  soln.  is  brown, 
and  ammonia  precipitates  hydrated  molybdenum  pentoxide. 

The  molybdenyl  tribromide,  MoOBr3,  has  not  been  isolated.  A.  Chilesotti 
observed  that  by  the  electrolytic  reduction  of  molybdenum  trioxide  in  hydrochloric 
or  sulphuric  acid  soln.  of  suitable  concentration,  a soln.  of  quinquevalent  molyb- 
denum is  formed  if  a platinized  platinum  cathode  is  employed,  but  with  a polished 
platinum  cathode,  a tervalent  salt  is  produced.  The  complex  ammonium  molyb- 
denyl pentabromide,  or  ammonium  molybdenum  oxypentabromide,  2NH4Br. 
MoOBr3,  or  MoOBr3(NH4Br2)(ONH4),  or  (NH4)2[MoOBr5],  was  obtained  by 
E.  Weinland  and  W.  Knoll,  from  a hydrobromic  acid  soln.  of  the  components.  It 
forms  reddish-brown,  octahedral  crystals.  F.  6.  Angell,  R.  G.  James  and  W.  Ward- 
law  prepared  the  ammonium  salt  by  reducing  electrolytically  a soln.  of  molybdenum 
trioxide  in  hydrobromic  acid  to  the  quinquevalent  state,  and  transferred  the  soln. 
in  a current  of  nitrogen  to  an  air-free  flask  containing  a soln.  of  ammonium  bromide. 
The  light  brown  crystals  were  washed  with  hydrobromic  acid  of  sp.  gr.  1-7,  drained, 
and  dried  in  vacuo  over  potassium  hydroxide  and  phosphorus  pentoxide.  The 
mother-liquor  furnishes  other  crops  when  concentrated  and  seeded  with  crystals 
of  the  salt.  According  to  E.  Weinland  and  W.  Knoll,  an  analogous  process 
furnishes  by  using  Mo  K in  the  proportions  2:1,  potassium  molybdenyl 
pentabromide,  K2MoOBr5,  in  black  or  dark  red  crystals ; similarly  with 
rubidium  molybdenyl  pentabromide,  Rb2MoOBr5,  in  dark  red  or  green,  rhombic 
pyramids  ; and  caesium  molybdenyl  pentabromide,  Cs2MoOBr5,  in  garnet-red, 
octahedral  crystals.  F.  G.  Angell  and  co-workers  obtained  potassium  molybdenum 
oxypentabromide,  K2[MoOBr5].2H20,  in  dark  brown  needles  ; rubidium  molyb- 
denum oxypentabromide,  Rb2[MoOBr5],  as  a yellow  solid ; pyridinium  molybdenum 
oxypentabromide,  (C5H6N)2[MoOBr5),  in  yellowish-green  needles ; and  quinolinium 
molybdenum  oxypentabromide,  (C9H8K2[MoOBr5],  in  golden-brown  crystals. 
A.  Rosenheim  and  M.  Koss,  and  E.  Weinland  and  W.  Knoll  also  prepared  the 
pyridine  and  quinoline  complex  salts.  The  calculated  mol.  wts.,  and  those  cal- 
culated from  the  depression  of  the  f.p.  of  the  salts,  dissolved  in  air-free  water,  as 
well  as  the  osmotic  factor  i,  are,  in  aq.  and  alcoholic  soln., 


nh4- 

k4- 

Rb- 

c5h6n. 

C9H8N-salt 

Calculated 

547-7 

625-8 

682-5 

671-7 

771-8 

Aq. 

v . 

121-10-3 

314-22-2 

42-8 

284-27-8 

129-32 

Soln. 

By  lowering  f.p. 

5 1-5-60-1 

61-9-68-3 

71-0 

62-9-73-2 

71-7-87-7 

i 

62-9-73-2 

71-7-87-7 

9-6 

10-7-9-1 

10-7-8-8 

Alco.J 

Soln. 

v . 

29-4-19  5 

— 

— 

28-2-19-1 

27-6-16-1 

By  lowering 

29-4-19-5 

— 

— 

219-214 

179-264 

i 

3-84-4-12 

— 

— 

3 07-3-14 

431-2-92 

The  mol.  electrical  conductivities,  ju., 

of  soln.  with  v litres 

per  mol,  were : 

(NH4)2[MoOBr5  < 

v . 

lx  . 

14-3 

561-0 

28-5 

598-8 

57-0 

613-0 

114-0 

655-0 

228-1 

689-3 

456-3 

757-0 

K2[MoOBr6]  \ 

V . 

19-7 

39-4 

78-9 

157-8 

315-5 

631-0 

M . 

450-1 

487-1 

515-2 

526-8 

566-1 

660-4 

and  similarly  with  the  pyridinium  and  quinolinium  salts.  The  chlorides  are  green, 
and  the  bromides  brown  to  yellow  when  dry,  but  in  aq.  soln.  these  salts  are 
extensively  hydrolyzed  and  ionized.  By  treatment  with  thiocyanic  acid,  they 
yield  black  thiocyanates,  R2[MoO(CyS)5],  insoluble  in  water  but  readily  soluble  in 
alcohol.  The  bromides  are  more  sensitive  to  oxidation  than  the  chlorides.  Like 
the  chlorides,  the  complex  bromides  in  absolute  alcohol  give  an  osmotic  factor 
approximating  i— 3,  and  the  soln.  retain  the  characteristic  colour  of  the  salts  them- 
selves. This  is  taken  to  mean  that  in  alcoholic  soln.,  the  formula  of  the  salts  are 
of  the  co-ordination  type  R2[MoOX5],  rather  than  2RX.MoOX3,  where  the  osmotic 
factor  would  be  nearly  t=l.  An  alcoholic  soln.  ionization  is  in  accord  with 
R2[MoOX5]^2R’-f-[MoOX5]"  ; and  hydrolytic  decomposition  does  not  occur  as 
is  the  case  in  aq.  soln.  where  the  colours  are  quite  different  from  those  in 
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alcoholic  soln.  E.  Weinland  and  W.  Knoll  prepared  magnesium  molybdenyl 
pentabromide,  Mg(Mo0Br5).7H20,  in  hygroscopic,  olive-green,  octahedral  crystals 
or  six-sided  pyramids. 

E.  Weinland  and  W.  Knoll  prepared  potassium  molybdenyl  tetrabromide,  or 
potassium  oxytetrabromide,  KMoOBr4.2H20,  or  K[MoOBr4H20].H20,  in  olive- 
green  columnar  columns,  from  a hydrobromic  acid  soln.  of  the  component  salts  with 
Mo  : K=1  : 4.  F.  G.  Angell  and  co-workers  doubt  if  the  salt  is  olive-green  because, 
whilst  the  oxytetrachlorides  are  green,  the  oyxtetrabromides  they  obtained  are  all 
red.  They  prepared  red,  hygroscopic  crystals  of  lithium  molybdenum  oxytetra- 
bromide, Li[MoOBr4(H20)].3H20,  from  the  electrolytically  reduced  soln.  of  quin- 
quevalent  molybdenum  in  hydrobromic  acid,  by  the  addition  of  lithium  bromide, 
cooled  in  ice.  The  product  was  washed  with  hydrobromic  acid  of  sp.  gr.  1-7,  and 
dried  over  sodium  hydroxide  and  phosphorus  pentoxide.  The  corresponding 
pyridinium  molybdenum  oxytetrabromide,  (C5H6N)[MoOBr4],  was  also  obtained 
in  red,  hygroscopic  needles,  and  quinblinium  molybdenum  oxytetrabromide, 
(C9H8N)[MoOBr4],  in  orange,  hygroscopic  needles,  whicli  when  dried  change  to 
pink.  The  f.p.  of  the  aq.  soln.  gives  an  osmotic  factor  i— 9-0  to  7-7  or  a mol.  wt. 
56-5  to  66-5 — calculated  for  the  trihydrate  510-7.  This  corresponds  with  complete 
decomposition  in  aq.  soln.  In  alcoholic  soln.,  the  osmotic  factor  i is  nearly  3 
indicating  a dissociation  2R[MoOBr4]^R2[MoOBr5]+MoOBr3.  The  lithium  salt 
was  also  prepared  by  E.  Weinland  and  W.  Kmoll ; and  they  also  reported  that 
calcium  molybdenum  oxytetrabromide,  CaMoOBr4.7H20,  or  Ca[MoOBr4(H20)]. 
6H20,  furnishes  red,  four-sided  plates. 

E.  F.  Smith  and  Y.  Oberholtzer  obtained  molybdenum  trioxytetrabromide, 
Mo203Br4,  along  with  the  trihydroxytribromide  by  the  action  of  hydrogen  bromide 
on  molybdenum  trioxide.  The  colour  of  the  salt  resembles  that  of  potassium  per- 
manganate ; the  tabular  crystals  which  are  slowly  acted  upon  by  purified  air,  but  not 
by  carbon  dioxide  ; they  dissolve  in  water  with  the  development  of  heat,  forming 
a colourless  soln.  which  becomes  blue  on  standing.  E.  F.  Smith  and  V.  Oberholtzer 
obtained  molybdenum  trihydroxytribromide,  Mo(OH)3Br3,  as  indicated  above. 
The  brownish-yellow  volatile  liquid  at  a low  temp.,  and  under  reduced  press.,  yields 
yellow  needles,  which  liquefy  as  soon  as  air  is  admitted.  The  aq.  soln.  is  very  pale 
yellow,  almost  colourless,  and  becomes  deep  yellow  on  standing,  and  in  about 
24  hrs.  deposits  blue  molybdenum  oxide. 

C.  W.  Blomstrand  prepared  molybdenum  dioxydibromide,  Mo02Br2,  by  heating 
molybdenum  dioxide  in  bromine  vapour ; and  by  melting  molybdenum  trioxide 
with  boric  or  phosphoric  acid,  and  heating  the  cold  and  powdered  mass  with  potas- 
sium bromide : Mo03+B203-j-2KBr=2KB02-f-Mo02Br2.  The  yellowish-red, 

tabular  crystals  deliquesce  in  air  ; and  they  form  a colourless  soln.  with  water. 
F.  G.  Angell  and  co-workers  obtained  lithium  molybdenum  dioxydibromide, 
Li[Mo02Br2(H20)2].4H20,  from  an  electrolytically  reduced  soln.  of  quinquevalent 
molybdenum  mixed  with  lithium  bromide,  evaporated  to  a small  volume,  and 
cooled  in  ice.  The  salt  was  washed  in  hydrobromic  acid  of  sp.  gr.  1-7,  and  dried 
over  sodium  hydroxide  and  phosphorus  pentoxide. 
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§ 22.  Molybdenum  Iodides,  and  Mixed  Halides 

J.  J.  Berzelius  1 found  that  iodine  does  not  act  on  red-hot  molybdenum  ; and 
that  a soln.  of  hydrated  molvbdic  oxide  in  hydriodic  acid,  behaves  like  the  soln.  in 
hydrochloric  acid.  M.  Guichard  found  that  when  dry  molybdenum  pentachloride  is 
heated  in  a current  of  dry  hydrogen  iodide,  iodine  is  liberated,  and  brown,  amor- 
phous molybdenum  diiodide,  or  molybdous  iodide,  MoI2,  is  formed.  The  sp.  gr. 
is  4-3.  Molybdous  iodide  is  insoluble  in  water  and  alcohol.  When  heated  in  vacuo 
up  to  the  m.p.  of  glass,  it  is  not  decomposed,  but  when  heated  in  air,  iodine  is  libe- 
rated and  an  oxide  is  formed  which,  at  a higher  temp.,  is  converted  into  molybdenum 
trioxide.  Hydrogen  reduces  the  iodide  at  500°,  and  the  change  is  very  rapid  at 
an  incipient  red-heat.  Chlorine  decomposes  it  below  240°,  and  bromine  behaves 
similarly.  In  oxygen  at  350°,  there  is  vigorous  incandescence,  with  a liberation  of 
iodine  and  formation  of  molybdenum  trioxide.  Sulphur  readily  converts  the  i6dide 
into  a black  sulphide,  but  nitrogen  is  without  action  at  the  softening  point  of  glass. 
Water  decomposes  it  very  slightly  at  the  ordinary  temp.,  and  a little  more  rapidly 
at  700°,  whilst  in  superheated  steam,  hydrogen  is  liberated  as  well  as  hydrogen 
iodide,  probably  as  a result  of  the  decomposition  of  the  steam  by  an  oxide,  MoO, 
formed  as  the  first  product  of  the  action  of  the  steam  on  the  iodide.  Hydrogen 
sulphide  converts  the  iodide  into  sulphide,  and  sulphuric  and  nitric  acids  oxidize 
it  slowly  in  the  cold  and  more  rapidly  on  heating.  Potash-lye  acts  on  it  slowly  at 
ordinary  temp. 

J.  J.  Berzelius  obtained  a red  soln.  by  dissolving  molybdenum  tetrahydroxide 
in  hydriodic  acid.  When  the  soln.  is  evaporated  in  air,  it  forms  red  or  brown  crystals 
which  are  soluble  in  water,  and  give  off  hydrogen  iodide  when  heated  leaving  a 
residue  of  molybdenum  dioxide.  M.  Guichard  obtained  molybdenum  tetraiodide, 
MoI4,  by  the  action  of  liquid  hydrogen  iodide,  under  press.,  on  molybdenum  tetra- 
chloride. The  black  crystals  change  in  air,  and  lose  iodine  at  100°.  The  salt 
cannot  be  obtained  free  from  chlorides. 

J.  H.  Gladstone  2 observed  that  when  hydrofluoric  acid  is  added  to  a green  soln. 
of  molybdous  oxide  in  hydrochloric  acid,  a rich  purple  precipitate  is  produced,  and 
this  is  succeeded  by  a white  precipitate -which  is  insoluble  in  an  excess  of  hydro- 
fluoric acid,  but  readily  soluble  in  hydrochloric  acid  reproducing  the  green  soln. 
The  white  substance  was  said  to  be  a compound  of  molybdenum  with  both  halogens. 
0.  Ruff  and  F.  Eisner  condensed  hydrogen  fluoride  over  powdered  molybdenum 
pentachloride  cooled  by  a freezing  mixture,  and,  after  the  mixture  had  stood 
for  some  time,  distilled  off  the  hydrogen  fluoride.  There  remained  molybdenum 
fluochloride,  Mo3F10C15,  as  a blue  solid.  A.  Atterberg  prepared  molybdenum 
difluotetrabromide,  Mo3Br4F2.3H20,  as  a yellow  powder,  by  the  action  of  hydro- 
fluoric acid  on  an  alkaline  soln.  of  molybdenum  dihydroxytetrabromide. 

A.  Atterberg,  and  C.  W.  Blomstrand  prepared  molybdenum  dichlorotetra- 
bromide,  Mo3Br4Cl2.3H20,  by  adding  an  excess  of  hydrochloric  acid  to  an  alkaline 
soln.  of  molybdenum  dihydroxytetrabromide.  The  yellow  powder  loses  no  water  at 
100°  ; and  when  treated  with  boiling  water,  forms  the  dihydroxytetrabromide. 
C.  W.  Blomstrand  prepared  molybdenum  tetrachlorodibromide,  Mo3Cl4Br2,3H20, 
by  allowing  a soln.  of  molybdous  chloride  or  molybdenum  dihydroxytetrachloride 
to  stand  in  hot  hydrobromic  acid  for  some  time.  The  cold  soln.  deposits  crystals 
of  the  trihydrate  which  are  insoluble  in  water,  and  in  dil.  hydrochloric  acid  ; with 
fuming  nitric  acid,  hydrogen  bromide  is  given  off.  If  a warm  aq.  soln.  is  allowed  to 
stand  on  a water-bath  it  deposits  red  prisms  of  the  hexahydrate.  It  is  soluble  in 
water  : and  it  can  be  recrystallized  from  its  soln.  in  dil.  hydrobromic  acid.  It  is 
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soluble  in  alcohol  and  ether.  When  water  is  added  to  the  alcoholic  soln.,  there 
is  precipitated  molybdenum  hydroxytetrachlorobromide,  Mo3(OH)BrCl4.2H20. 
C.  W.  Blomstrand  also  prepared  ammonium  molybdenum  tetrachlorotetrabromide, 

2NH4Br.M03Cl4Bro.2H2O,  in  yellowish-red  crystals,  by  saturating  a soln.  of  molyb- 
dous  chloride  with  potassium  chloride  and  adding  ammonia  and  hydrobromic  acid. 
The  salt  is  decomposed  by  water ; it  can  be  recrystallized  from  dil.  hydrobromic 
acid,  and  it  dissolves  without  decomposition  in  alcohol.  Similarly  with  the  prepara- 
tion of  potassium  molybdenum  tetrachlorotetrabromide,  2KBr.(Mo2Cl4)Br2.2H20. 

C.  W.  Blomstrand  obtained  molybdenum  tetrachlorodiiodide,  Mo3Cl4I2.3H20, 
from  a hot  soln.  of  molybdous  chloride  or  molybdenum  dihydroxytetrachloride  in 
hydriodic  acid.  The  trihydrate  separates  as  a scaly  crystalline  precipitate.  The 
mother-liquor,  when  concentrated  on  a water-bath,  deposits  dark  red  prisms  of 
the  hexahydrale.  The  salt  is  decomposed  by  water  ; and  with  fuming  nitric  acid, 
iodine  separates  out.  It  behaves  towards  alcohol  like  the  tetrachlorodibromide. 
Dark  yellowish-red  crystals  of  ammonium  molybdenum  tetrachlorotetraiodide, 
2NH4I.M03CI4I0.2H2O,  are  formed  by  a method  analogous  to  that  used  for  the 
tetrachlorotetrabromide.  Similarly  with  the  preparation  of  potassium  molybde- 
num tetrachlorotetraiodide,  2KL(Mo3Cl4)I2.2H20.  A.  Atterberg,  and  C.  W.  Blom- 
strand prepared  a complex  with  molybdenum  tetrabromodiiodide,  namely, 
Mo3(0H)2Br4.2Mo3BrII2.8H20,  from  an  alkaline  soln.  of  dihydroxytetrabromide 
saturated  with  hydriodic  acid.  These  mixed  salts  were  discussed  by  I.  Koppel, 
and  K.  Lindner  and  co-workers.  K.  Lindner  and  H.  Helwig*  obtained  pyridine 
salts  of  some  mixed  acids,  namely,  C5H5N.HMo3Br4Cl3 ; C5H5N.HMo3Br4Cl3. 
C2H5OH ; and  C5H5N.HMo3Br4Cl3. 


References. 

1 J.  J.  Berzelius,  Schweigger's  Journ.,  22.  51,  1817  ; Ann.  Chim.  Phys.,  (2),  17.  5,  1021  ; Pogg. 
Ann.,  4.  153,  1825  ; 0.  331,  369,  1826  ; 7.  261,  1826  ; M.  Guichard,  Compl.  Bend.,  123.  821,  1896  ; 
Ann.  Chim.  Phys.,  (7),  23.  439,  1901  ; Recherches  sur  les  oxydes,  les  sulfures  et  les  iodures  He  molyb- 
dene,  Paris,  1900. 

2 O.  Ruff  and  F.  Eisner,  Ber.,  40.  2926,  1907  ; A.  Atterberg,  Nagra  Bidrag  till  kannedomen  om 
Molyhden,  Upsala,  16,  1872  : Bull.  Soc.  Chim.,  (2),  18.  21,  1872  ; Akad.  Afhandl.  Upsala,  1,  1872  ; 
C.  W.  Blomstrand,  Journ.  prakt.  Chem.,  (1),  77.  89,  1859  ; (1),  82.  436,  1861  ; J.  H.  Gladstone, 
Chem.  News,  2.  99,  1860  ; Phil.  Trans.,  145.  208,  1855  ; I.  Koppel.  Zeit.  anorg.  Chem.,  77.  289, 
1912  ; K.  Lindner,  E.  Haller  andH.  Helwig,  ib.,  130.  209,  1923  ; K.  Lindner  and  H.  Helwig,  ib., 
142.  180,  1925. 

§ 23.  Molybdenum  Sulphides 

M.  Guichard  1 found  that  when  molybdenum  disulphide  is  heated  in  the  electric 
arc-furnace  for  2 to  4 min.,  a mixture  of  molybdenum  and  molybdenum  hemi- 
trisulphide,  or  molybdic  sulphide,  Mo2S3,  is  formed.  The  metal  can  be  removed 
by  treatment  with  cold  dil.  aqua  regia.  W.  Muthmann  and  co-workers  heated 
molybdenite  mixed  with  calcium  oxide  and  fluoride  in  the  arc-furnace,  and  obtained 
bluish  black  crystals.  M.  Guichard  found  that  this  sulphide  forms  steel-grey 
needles  of  sp.  gr.  5-9  at  15°,  and  it  is  rather  harder  than  molybdenite.  If  heated 
in  the  electric  arc-furnace,  it  forms  molybdenum  ; and  when  heated  in  sulphur 
vapour,  molybdenum  disulphide  is  formed.  M.  Picon  observed  that  this  sulphide 
is  largely  dissociated  at  1100°,  and  volatilization  occurs  at  1200°.  W.  Muthmann 
and  co-workers  found  that  this  sulphide  is  not  attacked  by  cone,  hydrochloric  acid. 
K.  von  der  Heide  studied  the  action  of  potassium  cyanide  on  molybdic  sulphide. 
V.  Montoro  found  that  the  X-radiogram  of  the  supposed  sesquisulphide  is  the  same 
as  that  of  molybdenite,  MoS2,  superposed  on  that  of  a molybdenum  hemicarbide, 
MoC2,  and  that  the  latter  disappears  after  the  substance  has  been  treated  with  dil. 
aqua  regia. 

The  history  of  molybdenum  disulphide,  MoS2,  and  its  occurrence  as  molybdenite, 
has  been  discussed  in  connection  with  the  history,  and  occurrence  of  molybdenum. 
F.  Cornu  applied  the  term  jordiste  to  the  colloidal  mineral  from  Himmelsfurst, 
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Freiberg,  which  has  the  same  composition  as  molybdenite.  Analyses  of  molybdenite 
were  made  by  C.  F.  Bucholz,  R.  Brandes,  P.  Jannasch,  A.  Cossa,  L.  F.  Svanberg  and 
H.  Struve,  W.  Gerrie,  A.  Liversidge,  H.  Seybert,  C.  M.  Wetherill,  J.  C.  Ilsemann, 
J.  C.  H.  Heyer,  R.  Nasini  and  E.  Baschieri,  K.  Nenadkewitsch,  and  F.  Zambonini. 
The  results  agree  with  the  formula  MoS2,  and  with  the  analyses  of  L.  F.  Svanberg 
and  H.  Struve,  and  M.  Guichard  of  the  artificial  compound.  Molybdenum  disul- 
phide was  prepared  by  C.  W.  Scheele,  and  J.  J.  Berzelius  by  heating  one  of  the 
higher  sulphides  in  a closed  vessel ; and  by  heating  molybdenum  trioxide  admixed 
with  sulphur,  or  in  a current  of  hydrogen  sulphide.  M.  Guichard  heated  a mixture 
of  150  grms.  of  potassium  carbonate,  310  grms.  of  sulphur,  and  200  grms.  of  molyb- 
denum dioxide  at  a high  temp,  for  half  an  hour,  and  washed  out  the  potassium  poly- 
sulphide by  means  of  water.  A.  de  Schulten  used  a similar  process.  M.  Guichard 
obtained  the  same  compound  by  heating  a mixture  of  50  grms.  of  ammonium 
molybdate,  100  grms.  of  sulphur,  and  some  lamp-black.  St.  Meunier  used  a similar 
process.  J.  Milbauer  found  it  to  be  a product  of  the  action  of  potassium  thio- 
cyanate on  molybdenum  oxide  at  a high  temp.  C.  W.  C.  Fuchs  calcined  a mixture  of 
molybdenum  trioxide  and  cinnabar  ; and  H.  Debray  heated  a mixture  of  ammonium 
molybdate  and  an  excess  of  lime  in  a current  of  hydrogen  chloride  and  sulphide  ; 
E.  Pechard  obtained  it  by  the  action  of  hydrogen  sulphide  on 'an  acidic  soln.  of 
molybdenum  dioxide  ; and  C.  Winssinger,  by  the  action  of  an  excess  of  dil.  acetic 
acid  on  potassium  sulphomolybdate.  C.  Winssinger  found  that  if  the  product 
so  obtained  be  dialyzed  for  about  72  hrs.,  a brown,  neutral  liquid — colloidal  molyb- 
denum disulphide — is  formed.  F.  V.  von  Hahn  prepared  colloidal  sols  by  the 
cathodic  discharge.  P.  Bary  and  J.  V.  Rubio,  and  P.  Bary  studied  the  structure 
of  the  dried  gel. 

J.  J.  Berzelius  described  molybdenum  disulphide  as  a black  powder  ; and 
E.  Pechard,  as  a reddish-brown  precipitate,  Molybdenite  occurs  in  lead-grey 
masses  which  may  be  foliated,  scaly,  or  granular.  The  crystals  are  hexagonal 
in  form  and  appear  in  flexible  but  not  elastic  plates  resembling  mica,  or  in  short 
prisms  which  are  slightly  tapering.  The  prismatic  planes  are  horizontally  striated  ; 
and  stride  sometimes  occur  on  the  base  normal  to  the  edges.  A.  Knop  said  that 
thin  plates  are  green.  The  cleavage  of  the  crystals  resembles  that  of  mica,  and 
thin  sheets  of  the  mineral  several  square  centimetres  in  area  may  be  scaled  off  from 
a large  crystal  of  molybdenite.  These  sheets  have  a metallic  lustre  and  look  not 
unlike  sheets  of  lead  foil.  They  can  be  readily  electroplated  with  copper,  so  that 
connecting  wires  may  be  soldered  to  them.  The  streak,  said  J.  L.  C.  Schroder 
van  der  Kolk:,  is  greenish-grey.  H.  Schneiderhohn  examined  polished  sections 
of  the  mineral.  J.  B.  L.  Rome  de  l’lsle  compared  the  crystals  of  molybdenite 
with  those  of  mica  and  talc.  R.  J.  Haiiy  said  that  the  presumee  forme  primitive 
is  a rhombic  prism.  J.  G.  Schmeisser  described  the  crystals  as  hexagonal  prisms  ; 
J.  F.  L.  Hausmann,  as  regular  six-sided  plates  ; and  F.  Mohs,  as  rhombohoidal 
(trigonal).  N.  A.  E.  von  Nordenskjold  doubted  if  the  crystals  are  hexagonal. 
M.  Hornes,  and  N.  von  Kokscharoff  said  that  the  crystals  are  monoclinic  or  possibly 
rhombic  ; and  P.  Groth,  rhombic.  G.  A.  Kenngott,  however,  showed  that  the 
crystals  are  probably  hexagonal ; and  A.  P.  Brown  gave  for  the  axial  ratio  of  the 
hexagonal  crystals  a : c=l  : 1-9077.  This  is  in  agreement  with  the  observations  of 
A.  J.  Moses,  W.  E.  Hidden,  W.  C.  Brogger,  and  O.  Miigge.  A.  J.  Moses  found  that 
the  corrosion  figures  of  molybdenite  agree  with  those  for  hexagonal  crystals. 
R.  G.  Dickinson  and  L.  Pauling  found  that  the  X-radiograms  agreed  with  a typical, 
hexagonal,  layer  lattice.  Each  hexagonal  unit  contains  two  molecules  of  the  disul- 
phide, and  has  an  axial  ratio  1-95.  Each  sulphur  atom  is  equidistant  from  three 
molybdenum  atoms,  and  each  molybdenum  atom  is  surrounded  by  six  equidistant 
sulphur  atoms  at  the  corners  of  a small  triangular  prism  of  altitude  3-17  A.,  and  edge 
3-15  A. — Fig.  28  when  the  circles  represent  sulphur  atoms,  and  the  black  spots, 
molybdenum  atoms.  There  is  a layer  of  sulphur  atoms  each  side  of  a layer  of  molyb- 
dejuim  atoms  ; two  layers  of  sulphur  atoms  arc  in  contact.  The  sulphur  atoms 
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form  pyramids  which  are  3-66  A.  in  length  along  the  pyramid  edges,  and  3-15  A. 
along  the  basal  edges.  Thp  distance  of  the  molybdenum  atom  to  the  nearest 
sulphur  atom  is  2*41  A.  The  excellent  basal  cleavage  of  molybdenite  is  connected 
with  the  relatively  great  distance  between  the  sulphur  atoms.  A.  E.  van  Arkel, 
J.  W.  Gruner,  Y.  Montoro,  and  E.  J.  Cuy  made  some  ob- 
servations on  this  subject.  0.  Hassel  studied  the  structure 
of  the  disulphide,  and  H.  Mark,  the  deformation  produced 
by  stresses.  F.  Mohs  found  the  sp.  gr.  of  molybdenite  to  be 
4-591  ; and  H.  Seybert,  4-444.  M.  Guichard  gave  4-80  for 
the  sp.  gr.  at  14°  of  the  artificial  crystals,  and  4-88  at  14° 
for  the  amorphous  disulphide.  A.  de  Schulten  gave  5-06  for 
the  sp.  gr.  of  the  artificial  crystals.  The  hardness  of  molyb- 
denite is  1-0  to  1-5.  Observations  on  this  subject  were  made 
by  A.  Reis  and  L.  Zimmermann.  E.  Jannettaz  found  the 
heat  conductivity  from  a central  point  of  the  prisms  fur- 
nished an  ellipse  with  the  axes  1 : 2 or  1 : 3.  F.  E.  Neu- 
mann gave  0-1067  for  the  sp.  ht. ; A.  de  la  Rive  and 
F.  Marcet,  0-1097  ; and  H.  V.  Regnault,  0-12334.  H.  V.  Reg- 
nault  observed  that  the  disulphide  is  not  altered  by  heating 
it  to  a high  temp,  out  of  contact  with  air.  E.  D.  Clark  said 
that  when  heated  in  the  oxyhydrogen  blowpipe  flame,  molyb- 
denite fuses  at  once  and  forms  a white  sublimate  containing 
Fig.  28.  — The  Ar-  minute  globules  of  metal,  and  a molten  mass  of  metal  re- 
rangement  of  Atoms  sembling  arsenical  iron.  J.  Joly  gave  450°  for  the  temp,  of 
MoSM°lybdenite'  sublimation.  R.  Cusack  gave  1185°  for  the  m.p.  ; and 
2'  G.  Spezia  added  that  if  heated  in  the  oxyhydrogen  flame,  the 

disulphide  melts  and  forms  a white  crystalline  sublimate  and  a yellowish-white 
vapour.  N.  Parravano  and  G.  Malquori  found  that  for  the  dissociation  of  the 
disulphide  log  ps2  is  — 11-963  at  600°  ; — 7-620  at  805° ; — 6-463  at  910°  ; — 5-453 
at  1005°  ; and  —4-629  at  1100°.  M.  Picon  studied  the  thermal  decomposition  of 
the  sulphide.  A.  W.  Meyer  found  the  index  of  refraction,  /x  ; the  absorption 
coeff.,  k ; and  the  reflecting  power,  R,  for  light  of  wave-length  to  be  for 

molybdenite  : 


A 

500 

450 

410 

370 

350 

330 

. 5-668 

4-675 

4-002 

3-209 

2-640 

2-217 

k 

. 0-341 

0-581 

0-812 

0-963 

0-982 

1*001 

R 

. 52-97 

56-75 

59-71 

52-93 

47-13 

42-10 

Observations  on  the  optical  constants  were  also  made  by  E.  P.  T.  Tyndall.  A.  de 
Gramont  observed  that  the  spark  spectrum  does  not  show  the  sulphur  lines,  but 
molybdenum  lines  are  well-defined.  A.  Cossa  said  that  the  yellowish-green  flame 
gives  a continuous  spectrum  ; and  a phosphate  bead  is  blue  in  the  reducing  flame  ; 
and  a borax  lead  when  heated  in  the  oxidizing  flame  is  yellow  when  hot  and  white 
when  cold.  W.  W.  Coblentz  found  that  the  ultra-red  reflection  spectrum  of  molyb- 
denite is  uniform — 18  to  20  per  cent. — through  the  spectrum  up  to  14yx.  Molyb- 
denite has  four  maxima  of  selective  reflection  in  the  ultra-violet  at  260,  450,  610, 
and  690/qx  respectively.  The  ultra-red  transmission  spectrum  shows  that  molyb- 
denite is  very  opaque  up  to  15 fi.  I.  B.  Crandall  found  that  molybdenite  has  a low 
transmission  in  the  visible  region  followed  by  great  transparency  and  high  reflec- 
tivity in  the  ultra-red.  A decrease  in  temp,  to  the  b.p.  of  liquid  air  greatly  increases 
the  transparency  of  molybdenite.  A sample  transparent  to  0-702 /x  at  room  temp., 
was  transparent  to  0-666 /x  at  — 190°.  For  incident  light  of  wave-length  1 ft,  2-2/x, 
and  4/x,  W.  W.  Coblentz  and.  C.  W.  Hughes  found  the  percentage  absorptions  of 
the  incident  light  in  traversing  0-3  mm.  layer  were  respectively  22-3,  18-1,  and  18-1  ; 
the  jiercentage  light  reflected  at  the  first  surface,  29-8,  27-8,  and  27-8  ; the  percentage 
sums  of  returning  light,  39-0.  36-1,  and  38-0;  the  percentage  sums  of  the  trans- 
mitted light,  40-5,  45-0,  and  45-0  ; and  the  indices  of  refraction,  respectively  3-40, 
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3-23,  and  3-23.  I.  B.  Crandall  calculated  the  indices  of  refraction  for  light  of  wave- 
length A to  be  : 

A . . 0-6757  0-6915  0-7136  0-80  3-0  5-0  7-0 n 

fj,  . . 14-8  9-48  7-44  6-00  4-02  3-98  3-90 

E.  P.  T.  Tyndall  found  two  maxima  in  the  variation  of  the  index  of  refraction  in 
the  visible  spectrum  at  600 m/u  and  660/u./x.  There  is  also  anomalous  dispersion. 
O.  Stelling  studied  the  X-ray  absorption  spectrum. 

R.  G.  Harvey  measured  the  electrical  conductivity.  T.  W.  Case  observed  the 
change  in  the  electrical  resistance  of  molybdenite  in  light.  S.  L.  Martin  showed 
that  the  result  is  not  a contact  effect ; and  W.  W.  Coblentz,  that  the  change  is  more 
marked  with  natural  than  with  artificial  molybdenite ; and  it  is  destroyed  by  heating 
to  700°.  A photoelectric  change  occurs  in  the  resistance  of  molybdenite  when 
it  is  subject  to  an  impressed  e.m.f.  and  exposed  to  thermal  radiation  between 
A=036 jju  in  the  ultra-violet  to  beyond  A=9 /x  in  the  ultra-red.  W.  W.  Coblentz 
showed  that  the  effect  of  increasing  the  intensity  of  the  exciting  radiations  is  to 
produce  a more  rapid  response  in  the  long  wave-lengths  than  in  the  short  wave- 
lengths, with  a resultant  shift  of  the  spectral  photoelectric  sensitivity  curve  toward 
the  long  wave-lengths.  There  is  no  simple  law  governing  the  variation  in  the 
photoelectric  response  in  molybdenite,  with  variation  in  intensity  of  the  radiation 
stimulus.  At  room  temp,  there  are  maxima  of  sensitivity  in  the  regions  of  A=0-7 /a, 
0-85/a,  1-02/i,  and  1-8/z.  Beyond  2-5/a  the  photoelectric  sensitivity  is  practically 
nil.  Raising  the  temp,  causes  a rapid  decrease  in  the  spectral  photoelectric  sensi- 
tivity, especially  in  the  regions  of  1-02/a  to  1-8/a.  At  80 J the  spectral  photoelectric 
sensitivity  has  practically  disappeared — only  slight  indications  being  observed 
for  radiations  of  wave-lengths  A=0-6/a  to  0-8/a.  The  effect  produced  by  lowering 
the  temp,  is  greatly  to  increase  the  sensitivity  curve  throughout  the  whole  spectrum 
from  the  ultra-violet  to  2-5/a  in  the  infra-red.  This  increase  in  sensitivity  is  greatest 
in  the  region  of  0-8/a  to  0-9/a,  so  that  at  the  temp,  of  boiling  liquid  air  the  maximum 
sensitivity  occurs  at  about  0-85/a,  with  a new  band  at  1-25/a  to  1-35/a.  Samples 
of  molybdenite  which  are  quite  insensitive  at  room  temp,  become  fairly  sensitive, 
photoelectrically,  at  —178°.  At  low  temp.,  the  spectral  photoelectric  sensitivity 
curves  of  all  samples  are  quite  similar,  with  a maximum  in  the  region  of  0-8/a  to  0-9/a. 
From  this  it  would  appear  that  this  photoelectric  property  is  one  of  degree  rather 
than  one  of  quality.  The  fact  that  the  bands  at  1-02/a  and  1-8/a  occur  together, 
and  that  the  0-85/a  band  may  occur  alone  suggests  the  possibility  that  they  are 
characteristic,  bands  of  spectral  photoelectric  sensitivity  of  different  sulphur  com- 
pounds of  molybdenum.  Using  frequency  instead  of  wave-length  to  indicate  the 
spectral  position  of  the  radiations  which  cause  the  maximum  change  in  electrical 
conductivity,  it  is  found  that  in  some  instances  there  is  a constant  difference  of  the 
wave  numbers  analogous  to  the  series  relations  of  spectral  lines.  The  time  required 
for  recovery  of  equilibrium  in  electrical  conductivity  is  close  to  twice  the  time  of 
exposure.  Mechanical  working  of  the  material  appears  to  lower  the  photoelectric 
sensitivity.  There  appears  to  be  no  close  connection  between  photoelectric  sensi- 
tivity and  current  rectification  in  molybdenite.  The  greatest  photoelectrical 
activity  occurs  in  the  region  of  the  spectrum,  where  there  is  a rapid  decrease  in 
spectral  absorption.  While  selenium  is  photopositive  in  that  on  exposure  to  light 
the  electrical  conductivity  greatly  increases,  some  samples  of  molybdenite  are  photo- 
negative in  that  the  resistance  in  light  is  greater  than  it  is  in  darkness.  W.  W.  Cob- 
lentz found  that  the  two  opposing  effects  may  occur  simultaneously.  The  photo- 
positive reaction  occurs  quickly  and  prevails  on  low  voltages.  The  photonegative 
action  usually  builds  up  more  slowly  and  predominates  on  high  voltage.  It  is 
selective  to  the  wave-length  of  the  radiation  stimulus,'  as  well  as  to  the  magnitude 
and  direction  for  the  electric  current  through  the  crystal.  Temp,  also  affects  the 
phenomenon,  and  under  certain  conditions,  on  exposure  of  the  molybdenite,  the 
photonegative  reaction  occurs  first  followed  by  the  photopositive  action.  For  the 
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short  wave-length  region  of  the  spectrum,  extending  to  about  0-67/a,  the  photo- 
electric reaction  in  one  sample  of  molybdenite  passed  from  purely  positive  on  low 
voltages  through  intermediate  stages  to  an  apparently  purely  negative  reaction 
on  high  voltages.  Furthermore,  this  reaction  is  dependent  upon  the  direction 
of  the  current  through  the  crystal.  On  high  voltages  a secondary  negative  reaction 
appears  to  be  present.  The  recovery  after  exposure  is  also  unusual.  When 
operated  on  the  intermediate  voltages,  on  shutting  off  the  radiation  stimulus,  the 
negative  effect  still  further  increases,  after  which  the  crystal  gradually  returns 
to  its  former  dark  conductivity.  However,  at  moderately  low  temp.,  — 20°,  the 
recovery  from  the  photonegative  reaction  is  irregular,  resulting  in  overshooting 
so  that  momentarily  the  apparent  resistance  is  lower  than  the  normal  dark  resist- 
ance. At  a given  temp,  the  region  of  transition  in  the  spectrum,  in  which  the  action 
changes  from  photonegative  to  photopositive,  is  very  narrow  (less  than  9 A.).  It 
appears  to  shift  slightly  toward  the  short  wave-lengths  with  decrease  in  temp,  or 
increase  in  intensity  of  the  radiation.  The  critical  voltage  is  very  small.  Under 
certain  temp,  conditions  an  increase  of  1 volt  sufficed  to  change  a small  positive- 
negative galvanometer  deflection  of  ffil  cm.  into  a pure  negative  deflection  of 
perhaps  — 25  cms.  With  decrease  in  temp,  the  potential  must  be  increased  in  order 
to  produce  a negative  reaction.  S.  L.  Martin,  and  D.  S.  Steinberg  also  discussed 
the  photoelectric  effect. 

Molybdenite  not  only  shows  a photoelectric  change  in  resistance  when  subjected 
to  an  impressed  e.m.f.  and  exposed  to  thermal  radiation  ; but  it  shows  an  actino- 
electric  effect  in  that  an  e.m.f.  may  be  manifested  when  it  is  exposed  to  thermal 
radiation  without  an  impressed  e.m.f.  The  actinoelectrical  phenomenon  is  more 
common  than  is  the  photoelectric  effect ; occurring  in  both  the  high  and  the  low 
resistance  classes  of  molybdenite.  The  intrinsic  sensitivity  of  the  actinoelectric 
reaction  seems  to  be  the  highest  in  the  low-resistance  class  of  molybdenite,  which 
is  just  the  opposite  of  the  photoelectric  reaction.  Both  effects  are  usually  observed 
in  small  spots  or  loci  in  the  lamina  ; and  both  phenomena  may  be  found  in  the 
same  lamina.  The  actinoelectric  e.m.f.  of  these  spots,  which  are  sometimes 
separated  by  only  0-5  to  1-5  mm.,  may  be  positive  or  negative.  The  polarity  of 
this  e.m.f.  does  not  appear  to  have  any  relation  with  the  positive  and  negative 
thermal  e.m.f.  observed  at  the  ends  of  the  sample,  connected  with  the  copper  elec- 
trodes. The  spectral  actinoelectric  effect  may  be  positive  or  negative,  depending 
upon  the  wave-length  of  the  thermal  radiation  stimulus,  as  is  the  case  with  the 
photoelectric  effect.  The  maximum  of  the  spectral  actinoelectric  reaction  is  pro- 
duced by  thermal  radiation  stimuli  of  wave-lengths  between  0-65  and  0-9p.  There 
may  be  several  such  maxima  in  this  spectral  region.  -The  material  seems  to  be 
insensitive  actinoelectrically  to  radiation  stimuli  of  wave-lengths  greater  than 
about  l/tt.  On  the  other  hand,  the  maxima  of  the  spectral  photoelectric  reaction 
in  molybdenite  usually  occur  beyond  0-8 p ; and  the  sensitivity  extends  to  2 p. 
Moreover,  the  magnitude  of  the  photoelectrical  reaction  may  be  from  75  to  100 
times  greater  than  the  actinoelectrical  response.  Hence,  since  the  former  is  usually 
observed  with  an  insensitive  galvanometer  the  actinoelectrical  reaction  has  no  effect 
upon  previously  published  data  on  the  spectraphotoelectrical  sensitivity  of  molyb- 
denite. The  time  for  attaining  the  maximum  spectral  actinoelectric  response  is 
practically  instantaneous  irrespective  of  the  kind  (high  or  low  resistance)  of  molyb- 
denite examined,  and  of  the  wave-length  of  the  exciting  radiation.  On  the  other 
hand,  in  the  typical,  high-resistance,  high-photoelectrical  sensitivity  class  of  molyb- 
denite, for  certain  wave-lengths  of  the  exciting  radiation,  the  photoelectrical  reaction 
requires  from  one  to  several  minutes  to  attain  a maximum,  and  twice  that  time  for 
recovery  after  exposure  to  thermal  radiation.  In  the  typical  low-resistance,  low- 
photoelectrical  sensitivity  but  high-actinoelectrical  sensitivity  class  of  molybdenite, 
the  spectra-photoelectrical  reaction  appears  to  be  instantaneous  irrespective  of  the 
wave-leugth  of  the  radiation  stimulus.  Lowering  the  temp,  shifts  the  maximum 
of  the  actinoelectrical  reaction  toward  the  short  wave-lengths  ; but  this  shift  is 
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much  less  than  obtains  in  the  photoelectric  reaction.  Lowering  the  temp,  has  no 
marked  effect  upon  the  intrinsic  actinoelectric  sensitivity,  as  compared  with  the 
marked  increase  in  photoelectrical  sensitivity  observed  under  similar  conditions. 
Increasing  the  intensity  of  the  exciting  radiation  appears  to  produce  a more  rapid 
response  on  the  short  wave-length  side  than  on  the  long  wave-length  side  of  the 
maximum  of  the  spectral  actinoelectric  reaction,  which  is  just  the  reverse  of  the 
previously  observed,  spectrophotoelectric  reaction  under  similar  conditions. 
A.  Vemeuil  observed  the  effect  of  traces  of  molybdenite  on  the  phosphorescence 
of  calcium  sulphide.  J.  O.  Perrine  found  that  the  fluorescence  of  molybdenite  is 
not  excited  by  the  X-rays. 

H.  F.  Vieweg  found  that  the  frictional  electricity  developed  by  molybdenite 
is  like  that  developed  by  sulphur.  F.  Beijerinck,  and  C.  Doelter  found  that  the 
electrical  conductivity  of  molybdenite  at  ordinary  temp,  is  very  small.  J.  Konigs- 
berger  and  0.  Reichenheim  observed  that  as  the  temp,  rises,  the  conductivity 
increases.  The  resistance  taken  in  the  direction  of  the  C-axis  was  found  to  be  : 
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750° 

1020° 

R . . 29-0 

17-24 

15-0 

3-9 

1-14 

0-751  ohm. 

and  perpendicular  to  C-axis  : 

-185° 

-145° 

-65° 

19° 
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113° 

R . . 750,000 

13,000 
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29 

10-5 

6-18  ohm. 

They  found  that  molybdenite  frequently  contains  inclusions  of  the  mineral  chlorite. 
C.  Tubandt  and  M.  Haedicke  said  that  molybdenite  conducts  like  a metal  below  200°. 
M.  J.  Huizinga  mentioned  the  presence  of  a dark  blue  liquid  on  the  surface  of  a 
molybdenite  detector  ; W.  W.  Coblentz  noticed  that  the  liquid  is  exuded  from  some 
samples  when  an  electric  current  is  passed  through  them  ; and  A.  T.  Waterman,  that 
oxidation  is  preceded  by  local  eruptions  of  the  dark  blue  liquid.  W.  W.  Coblentz 
suggested  that  the  liquid  is  the  blue,  colloidal  molybdenum  oxide  described  by 
M.  Guichard.  G.  W.  Pierce’s  values  for  the  electrical  resistance  and  conductivity 
of  a sample  of  molybdenite  are  plotted  in  Fig.  30.  J.  Okubo,  0.  U.  von  Wilier, 
G.  Gottstein,  and  P.  Collet  also  measured'the  resistance  of  molybdenite.  F.  Streintz 
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Fig.  29. — The  Effect  of  an  Applied  Fig.  30. — Electrical  Resistance  and 

Electromotive  Force  on  the  Re-  Conductivity  of  Molybdenite, 

sistance  of  Molybdenite. 


found  that  the  compressed  powder  of  molybdenite  is  a good  conductor.  C.  Tubandt 
and  M.  Haedicke  found  that  compressed  cylinders  of  molybdenum  disulphide, 
between  200°  and  300°  behave  like  metallic  conductors.  A.  T.  Waterman  showed 
that  the  resistance  of  molybdenite  is  very  high  with  a small  applied  potential 
difference,  but  it  diminishes  rapidly  with  increasing  potential  difference.  The 
effect  is  illustrated  by  Fig.  29.  The  effect  is  partly  due  to  the  rise  in  temp,  caused 
by  the  electric  current ; but  this  is  probably  a minor  cause  of  the  phenomenon. 
The  diminution  of  resistance  with  increasing  potential  difference  continues  uniformly 
up  to  a certain  potential  difference,  which  varies  to  some  extent  with  different 
specimens  and  according  to  the  treatment  to  which  they  have  been  subjected  ; 
at  this  point,  which  will  be  referred  to  as  “ the  break,”  the  resistance  diminishes 
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suddenly  and  the  mineral  conducts,  at  a red -heat,  with  a comparatively  low  resist- 
ance. Before  the  voltage  has  been  raised  sufficiently  for  the  break  to  occur  the 
resistance  diminishes,  as  has  been  noted  above,  with  increasing  voltage,  whereas 
after  the  break  the  resistance  diminishes  with  diminishing  voltage.  This  difference 
may  be  regarded  as  characteristic  of  two  stages,  a and  /3,  of  the  material  which  occur 
before  and  after  the  break.  The  phenomenon  of  the  break  is  reversible,  but  the 
rate  of  change  of  state  decreases  after  long  heating.  The  substance  also  tends  to 
persist  in  the  state  in  which  it  was  when  the  current  was  turned  off.  The  light 
sensitivity  becomes  inappreciable  as  the  conductivity  of  molybdenite  becomes 
metallic.  - Heating  the  mineral  to  redness  in  a Bunsen  flame  for  several  minutes 
reduced  the  resistance  to  | or  £ its  value,  but  further  heating  produced  practically 
no  further  effect.  The  resistance  was  diminished  to  about  half  value  by  the 
momentary  passage  of  a high  voltage  discharge,  as  from  a small  induction  coil, 
but  repetition  caused  no  further  decrease.  The  resistance  is  not  affected  by  strong 
magnetic  fields.  J.  Konigsberger  investigated  the  relation  between  the  electrical 
conductivity  and  the  light-absorption  of  the  crystals ; and  P.  H.  Geiger  found 
that  if  molybdenite  be  connected  in  a closed  circuit  with  a galvanometer,  and  one 
surface  of  contact  be  illuminated,  a photoelectric  current  is  generated,  J.  Weiss 
and  J.  Konigsberger  found  that  the  thermoelectric  force  of  the  copper-molybdenite 
couple  is  7*27  XlO-4  volt  per  degree  of  temp,  between  20°  and  80°;  7*60  XlO-4 
volt  between  68-7°  and  57 *0° ; and  7-46  Xl0— 4 volt  between  57-0*  and  45-8°.  The 
current  flows  from  the  hot  junction  to  the  copper.  G.  W.  Pierce  found  the  thermo- 
electric force  of  different  samples  of  molybdenite  against  copper  at  20°  varied  from 
110  to  175  and  from  —230  to  —750  millivolts  ; and  against  lead,  from  113  to  178 
and  from  —227  to  —717  millivolts.  With  the  cold  junction  zero,  the  e.m.f.  with 
a copper-molybdenite  couple  was  — 7-5  millivolts  with  the  hot  junction  at  10-1°, 
and  —130-0  millivolts  at  195°.  The  intermediate  values  varied  linearly  with 
temp.  O.  U.  von  Wilier  observed  an  e.m.f.  of  560  microvolts  by  passing  a current 
from  copper  to  molybdenite  to  copper,  and  the  temp,  of  the  junctions  differed  by 
one  degree.  In  the  thermoelectric  couple  the  current  flowed  from  copper  to 
molybdenite  at  the  hot  junction.  W.  Ogawa,  and  M.  Kimura  and  co-workers 
studied  the  thermoelectric  properties  of  molybdenite. 

G.  Gottstein  measured  the  Hall  effect,  and  the  Ettinghausen  effect.  G.  Gottstein 
found  a relatively  large  difference  in  the  adiabatic  and  the  isothermal  Hall 
effects  of  molybdenite,  but  C.  W.  Heaps  found  the  difference  much  smaller. 

C.  W.  Heaps  found  that  there  is  a decrease  in  the  resistance  of  molybdenite 
in  a magnetic  field,  and  the  result  is  little  affected  by  the  direction  of  the  field. 
According  to  I.  Bernfeld,  in  the  electrolysis  with  electrodes  of  metallic  sulphides, 
the  following  changes  occur.  (1)  In  acid  soln. : at  the  anode,  the  metal  is  dissolved 
and  the  sulphur  precipitated  or  oxidized  ; at  the  cathode,  hydrogen  sulphide  is 
formed  with  separation  of  the  metal ; (2)  in  alkaline  soln.  : at  the  anode,  the 
metal  forms  a hydroxide,  and  the  sulphur  is  oxidized  ; at  the  cathode,  the  metal 
is  precipitated  and  the  sulphur  passes  into  soln.  as  an  ion.  In  electrolyzing  molyb- 
denum disulphide  in  fused  potassium  hydroxide,  E.  F.  Smith  found  that  the  sulphur 
is  oxidized  to  sulphate.  W.  W.  Coblentz,  and  G.  W.  Pierce  discussed  the  rectifying 
action  of  molybdenite.  H.  S.  Roberts  and  L.  H.  Adams,  M.  J.  Huizinga,  and 
E.  T.  Wherry  found  molybdenite  to  be  a fair  radio-detector. 

H.  Rose  found  that  the  disulphide  is  not  decomposed  by  hydrogen  at  a red- 
heat  ; but  O.  F.  von  der  Pfordten  observed  that  if  strongly  heated  in  hydrogen,  the 
disulphide  is  reduced  to  molybdenum.  N.  Parravano  and  G.  Malquori  showed 
that  in  the  reaction  MoS2+2H2^2H2S-|-Mo,  log  K=log  (jPh.,s/Bh2)>  and 

805°  910’  1005s  1100° 

log  (PHoS/^Hg)  • • -2-235  -2-059  -1-8C3  -1-319 

Q . ” . 77,400  79,200  80,000  81.100  cals. 

According  to  J.  J.  Berzelius,  when  molybdenum  disulphide  is  heated  in  air,  it 
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forms  molybdenum  trioxide  and  sulphide  ; and,  as  indicated  above,  A.  T.  Waterman 
found  that  the  oxidation  of  molybdenite  is  preceded  by  local  eruptions  of  a 
dark  blue  liquid.  P.  H.  A.  de  Clermont  and  J.  Frommel  showed  that  the  disulphide 
is  not  decomposed  by  water,  but  H.  V.  Regnault  said  that  it  is  decomposed  by 
steam  at  a red-heat.  C.  W.  Blomstrand  observed  that  molybdenite  is  easily 
attacked  by  chlorine,  but  not  so  readily  by  bromine  ; and  A.  Cossa  added  that 
when  heated  in  chlorine,  the  disulphide  is  completely  converted  into  pentachloride. 
M.  Guichard  said  that  sulphur  vapour,  at  ordinary  press.,  does  not  transform  the 
disulphide  into  trisulphide.  E.  F.  Smith  found  that  the  vapour  of  sulphur  mono- 
chloride  at  300°  partially  decomposes  the  disulphide.  Boiling  sulphuric  acid, 
said  J.  J.  Berzelius,  forms  sulphur  dioxide  and  a blue  soln  ; the  cold  acid  has  very 
little  action.  Warm  aqua  regia  converts  it  into  molybdic  and  sulphuric  acids  ; 
and  nitric  acid  oxidizes  it  easily.  According  to  H.  B.  North  and  C.  B.  Conover, 
molybdenite  is  not  attacked  by  thionyl  chloride  at  150°  to  175°.  If  mixed  with 
potassium  nitrate  and  detonated,  potassium  molybdate  is  formed.  P.  Camboulives 
found  that  the  vapour  of  carbon  tetrachloride  converts  any  oxide  in  molybdenite 
into  molybdenum  chloride.  E.  Pechard  found  that  the  disulphide  is  soluble  in  a 
soln.  of  potassium  cyanide  ; and  K.  von  der  Heide  studied  this  reaction.  P..Berthier 
found  that  it  is  decomposed  when  heated  to  redness  with  lead  oxide.  A.  Cossa 
found  that  molybdenite  acquires  a film  of  gold  when  immersed  in  a soln.  of  gold 
chloride  ; and  in  copper  sulphate  soln.  in  contact  with  a strip  of  zinc,  it  slowly 
acquires  a film  of  copper. 

According  to  F.  MawrofE  and  M.  Nikoloff,2  molybdenum  pentasulphide,  Mo2S5, 
is  obtained  as  a trihydrate,  Mo2S5.3H20,  by  reducing  with  zinc  a soln.  of  ammonium 
molybdate,  containing  more  than  20  per  cent,  of  sulphuric  acid,  until  the  colour 
is  dark  red,  and  then  diluting,  filtering,  and  saturating  with  hydrogen  sulphide. 
The  precipitate  is  collected  and  washed  with  hot  water  and  then  with  alcohol.  It 
is  then  shaken  repeatedly  with  carbon  disulphide,  washed  with  ether,  and  dried 
at  68°-75°.  One  mol.  of  water  is  lost  at  135°-140°,  but  further  heating  causes  decom- 
position. The  hydrated  sulphide  dissolves  in  warm  soln.  of  alkali  sulphides  to 
give  bright  red  soln.  depositing  an  orange  precipitate  on  cooling.  It  dissolves  with 
difficulty,  but  completely,  in  warm  cone,  hydrochloric  acid.  Careful  heating  in 
carbon  dioxide  gives  the  anhydrous  sulphide,  Mo2S5,  which  is  almost  black.  When 
the  hydrated  compound  is  heated  in  hydrogen  sulphide,  an  exchange  of  water  for 
hydrogen  sulphide  takes  place,  and  the  hemitrisulpliohydrate,  2Mo2S5.3H2S,  is 
formed. 

J.  J.  Berzelius 3 prepared  molybdenum  trisulphide,  MoS3,  by  saturating  a 
soln.  of  an  alkali  molybdate  with  hydrogen  sulphide,  or  by  dissolving  molybdenum 
trioxide  in  a soln.  of  an  alkali  sulphide  or  ammonium  sulphide,  and  decomposing 
the  sulphomolybdate  so  formed  by  dil.  hydrochloric  or  sulphuric  acid.  The  reddish- 
brown,  gelatinous  precipitate  becomes  dark  brown  when  dried.  The  precipitate 
may  contain  some  admixed  sulphur  or  molybdic  acid.  A.  Atterberg  said  that 
when  precipitated  from  cold  soln.,  the  precipitate  is  more  slimy,  more  easily  oxidized, 
and  less  easily  washed  than  when  obtained  from  hot  soln.  R.  F.  Weinland  and 
F.  Sommer  found  that  in  order  to  get  a trisulphide  of  a high  degree  of  purity  it  is 
necessary  to  start  from  a pure  sulphomolybdate.  The  precipitation  of  molybdenum 
as  trisulphide,  by  passing  hydrogen  sulphide  into  a cold,  acid  soln.  of  molybdic 
acid,  is  incomplete,  heat  is  necessary  ; and  if  the  soln.,  sat.  with  hydrogen  sulphide, 
is  heated  in  a closed  vessel  for  a long  time  at  100°,  the  molybdenum  is  precipitated 
quantitatively  as  trisulphide  provided  the  right  proportion  of  acid  be  present  in 
the  soln.  This  subject  was  discussed  above  in  connection  with  the  analytical 
reactions  of  molybdenum.  J.  Milbauer  found  that  the  trisulphide  is  the  one  pro- 
duced by  the  action  of  potassium  thiocyanate  on  molybdenum  oxide  at  a high  temp. 
L.  Moser  and  M.  Behr,  E.  Wendehorst,  and  by  L.  Dede  and  T.  Becker  obtained  the 
compound  in  this  manner.  J.  J.  Berzelius  observed  that  the  molybdenum  trisul- 
phide may  appear  as  a colloidal  soln.,  for  he  said  that  the  sulphide  is  somewhat  soluble 
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in  water,  particularly  hot  water,  forming  a dark  yellow  soln.,  and  this  is  probably  the 
peptized  trisulphide.  C.  Winssinger  studied  the  properties  of  colloidal  molybdenum 
trisulphide.  J.  J.  Berzelius  showed  that  when  heated  to  a high  temp.,  the  trisul- 
phide passes  into  the  disulphide.  G.  Preuner  and  I.  Brockmoller  measured  the  vap. 
press,  of  sulphur,  p mm.,  from  the  trisulphide  for  temp,  between  450°  and  500°,  and 
N.  Parravano  and  G.  Malquori,  between  390°  and  450°  : 

355°  390°  418°  450°  475°  480°  500° 

p . . 40  28-8  178-6  (80)  250  313  980 

M.  Wasjuchnowa  gave  34  mm.  at  450°  ; 195  mm.  at  475°  ; 255  mm.  at  480°  ; and 
560  mm.  at  500°  ; while  E.  T.  Allen  and  R.  H.  Lombard  gave  31  mm.  at  450°  and 
170  mm.  at  475°.  According  to  0.  F.  von  der  Pfordten,  the  trisulphide  is  reduced 
to  metal  when  heated  to  a high  temp,  in  hydrogen.  As  shown  by  E.  Collett  and 
M.  Eckardt,  when  the  sulphide  is  roasted  to  transform  it  into  trioxide,  there  is  a 
tendency  for  small  particles  to  be  projected  violently  from  the  crucible,  and  also 
a tendency  for  some  of  the  oxide  to  be  lost  by  volatilization.  The  trisulphide, 
said  J.  J.  Berzelius,  dissolves  in  cone.  soln.  of  potassium  hydroxide  partially  as 
oxysulphomolybdate.  F.  Feigl,  and  0.  Ruff  and  B.  Hirsch  discussed  the  associa- 
tion of  sulphur  with  the  trisulphide,  MoS3.Sn,  where  the  sulphur  is  not  removed 
by  camphor  bromide.  Molybdenum  trisulphide  unites  with  basic  metal  sulphides 
to  form  sulphomolybdates,  R2'MoS4 — vide  infra. 

J.  J.  Berzelius  4 stated  that  molybdenum  forms  not  only  di-  and  tri-sulphides, 
but  also  molybdenum  tetrasulphide,  M0S4,  which  he  prepared  as  follows  : 

A soln.  of  potassium  paramolybdate  is  sat.  with  hydrogen  sulphide  and  the  nearly 
black  liquid  is  boiled  for  some  hours  in  a retort  to  drive  off  hydrogen  sulphide.  The  cold 
soln.  is  filtered,  and  the  black  powder  of  molybdenum  disulphide  is  separated  from  the 
heavier  scaly  crystals  of  a compound  of  the  tetrasulphide  and  potassium  sulphide,  as  well 
as  possible,  by  levigation.  The  salt  of  the  tetrasulphide  is  collected  on  a filter,  and  washed 
with  cold  water  until  the  washings  no  longer  give  a blackish-brown,  but  rather  a red, 
precipitate  with  hydrpchloric  acid.  The  red  scaly  crystals  on  the  filter  are  treated  with 
boiling  water  which  leaves  insoluble  red  molybdenum  disulphide,  and  a dark  red  soln. 
The  soln.  is  treated  with  an  excess  of  hydrochloric  acid,  and  the  precipitated  molybdenum 
tetrasulphide  washed  with  water. 

G.  Kriiss  prepared  the  tetrasulphide  by  melting  molybdic  acid  with  potassium 
carbonate,  extracting  the  melt  with  water,  and  passing  hydrogen  sulphide  into  the 
soln.  when  heated  to  the  b.p.  A black  powder  together  with  a crystalline  substance 
separates  out.  This  mixed  material  is  washed  first  with  cold  water,  then  with  hot 
water  to  dissolve  out  the  molybdenum  di-  and  tri-sulphides,  and  the  resultant 
chocolate-brown  powder  is  heated  in  a current  of  hydrogen  sulphide  until  its  weight 
is  constant.  J.  J.  Berzelius  said  that  the  tetrasulphide,  when  freshly  prepared, 
is  dark  red,  and  translucent;  it  shrinks  considerably  when  dried,  forming  a grey, 
granular  mass  which  is  cinnamon-brown  when  ground  up  to  powder  with  water. 
G.  Kriiss  said  that  the  powder  is  very  hygroscopic  ; J.  J.  Berzelius  added  that 
it  is  not  decomposed  by  water  or  by  acids.  According  to  G.  Kriiss,  when  the 
tetrasulphide  is  oxidized  by  chlorine  or  bromine  in  alkaline  soln.,  alkali  sulphate 
and  molybdate  are  formed.  Boiling  sulphuric  acid  forms  a reddish-yellow  liquid 
which  deposits  sulphur  and  emits  sulphur  dioxide.  For  the  observation  of  F.  Feigl, 
and  of  O.  Ruff  and  B.  Hirsch,  vide  supra.  Soln.  of  alkali  sulphides  dissolve  the 
tetrasulphide,  forming  sulphomolybdates,  R2'MoS5. 
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§ 24.  Sulphomolybdates  and  Oxysulphomolybdates 

As  indicated  in  connection  with  molybdenum  trisulphide,  J.  J.  Berzelius 1 
prepared  a scries  of  sulphomolybdates,  R2'MoS4,  by  the  union  of  a mol  of  a basic 
metal  sulphide  with  a mol  of  molybdenum  trisulphide.  A mol  of  the  basic  sulphide 
may  also  unite  with  two  or  three  mols  of  molybdenum  sulphide  forming  respec- 
tively R2'Mo2S7,  and  R2'Mo3S10.  The  soluble  sulphomolybdates  are  prepared 
by  the  action  of  hydrogen  sulphide  on  soln.  of  the  molybdates  ; or  by  the  action 
of  the  soluble  sulphides  on  molybdenum  trisulphide.  The  insoluble  sulpho- 
molybdates are  formed  by  adding  a soln.  of  the  alkali  or  alkaline  earth  sulpho- 
molybdate  to  a soln.  of  the  metal  salt.  A.  Werner  represented  the  formation  of 
the  su^homolybdate,  K2[MoS4],  by  the  equation  : 

S 
II 

S=Mo-|-SK2,  i.e. 

II 
S 


SMoS 
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K, 


J.  J.  Berzelius  prepared  ammonium  sulphomolybdate,  (NH4)2MoS4,  by  evaporating 
a soln.  of  ammonium  molybdate  sat.  with  hydrogen  sulphide  ; by  evaporating  a 
soln.  of  molybdic  acid  in  ammonium  sulphide ; by  dissolving  freshly  precipitated 
molybdenum  trisulphide  in  ammonium  sulphide,  and  adding  alcohol,  or  evaporating 
the  liquid.  G.  Kriiss  dissolved  5 grms.  of  ammonium  paramolybdate  in  15  c.c. 
of  water,  added  50  c.c.  of  aq.  ammonia  of  sp.  gr.  0-94,  passed  hydrogen  sulphide 
into  the  liquid  which  became  yellow,  and  then  deep  red,  and,  in  about 
half  an  hour,  the  liquid  deposited  blood-red,  tabular  crystals  with  a green 
shimmer.  According  to  C.  von  Haushofer,  the  rhombic  bipyramids  have  the  axial 
ratio  a : b : c=0-7846  : 1 : 0-5692.  From  J.  W.  Retgers’,  and  H.  Vater’s  observa- 
tions, the  sulphomolybdates  and  sulphotungstates  are  isomorphous.  G.  Kriiss 
said  that  the  crystals  become  matt  and  dark  violet  in  air  ; and  J.  J.  Berzelius 
said  dark  brown.  They  decompose  at  100°  losing  some  ammonium  sulphide. 
The  crystals  are  freely  soluble  in  water,  and  sparingly  soluble  in  alcohol.  There 
is  a loss  of  ammonium  sulphide  when  the  aq.  soln.  is  evaporated.  According  to 
R.  Fernandes,  ammonium  sulphomolybdate  is  stable  in  an  atm.  of  ammonia  ; but 
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when  it  is  exposed  to  air,  it  gives  off  ammonia  and  becomes  dark  green,  dark  violet, 
and  finally  black  ; and  it  absorbs  water.  If  washed  at  this  stage,  it  forms  a dark  red, 
microcrystalline  ammonium  parasulphomolybdate,  (NH4)5H5[H2(MoS4)6].10H20, 
which  is  stable  in  air,  and  in  a soln.  of  ammonium  sulphomolybdate,  but  is  decom- 
posed by  boiling  water  into  ammonia,  hydrogen  sulphide,  and  molybdenum  tri- 
sulphide. The  formation  of  the  parasulphomolybdate  is  represented  by  the 
equation : 6(NH4)2MoS4=7NH3-|-(NH4)5H5[H2(MoS4)6].  It  is  also  formed  by 
saturating  with  hydrogen  sulphide  an  ice-cold,  cone.  soln.  of  ammonium  sulpho- 
molybdate, or  by  keeping  a warm  aq.  soln.  of  ammonium  sulphomolybdate  for 
several  days.  When  a cone.  soln.  of  ammonium  sulphomolybdate  is  heated  for 
4 to  5 hrs.  on  a water-bath,  a maroon-coloured,  microcrystalline  precipitate  of 
ammonium  trisulphomolybdate,  (NH4)4H6[H2(MoS4)6].16H20,  separates.  The 
guanidine  sulphomolybdate,  Gu2MoS4,  was  obtained  in  dark  red  crystals  ; and  also 
guanidine  parasulphomolybdate,  Gu5H5[H2(MoS4)6].8H20,  in  dark  red  crystals. 
These  sulphomolybdates  are  relatively  stable  ; are  not  very  soluble  in  water  ; 
and  are  decomposed  when  boiled  with  water.  Hydrogen  sulphide  is  evolved  when 
the  salts  are  treated  with  acids.  It  is  supposed  that  these  salts  are  derivatives 
of  a hypothetical  acid,  6H2S=H10[H2S6]. 

J.  J.  Berzelius  prepared  lithium  sulphomolybdate,  Li2MoS4.wH20,  as  an 
amorphous  dark  red  mass  by  evaporating  an  aq.  soln.  of  the  components.  It  also 
forms  a complex  with  more  than  one  mol.  of  molybdenum  trisulphide.  Dark  red 
crystals  of  sodium  sulphomolybdate,  Na2MoS4,  were  similarly  prepared,  as  well 
as  of  sodium  sulphodimolybdate,  Na2Mo2S7.wH20.  R.  Fernandes  could  not  pre- 
pare sodium  trisulphomolybdate,  Na4H6[H2(MoS4)6],  analogous  to  the  ammonium 
salt.  J.  J.  Berzelius  prepared  potassium  sulphomolybdate,  K2MoS4,  by  heating 
to  bright  redness  a mixture  of  molybdenum  disulphide,  potassium  carbonate, 
sulphur,  and  a little  powdered  charcoal ; extracting  the  cold  mass  with  water  ; 
evaporating  the  aq.  soln. ; and  purifying  the  product  by  adding  alcohol  to  the 
aq.  soln.  The  salt  is  also  formed  by  digesting  molybdenite  with  a soln.  of  potassium 
pentasulphide ; and  by  evaporating  a soln.  of  potassium  molybdate,  saturated 
with  hydrogen  sulphide.  G.  Kruss  obtained  it  by  saturating  with  hydrogen  sulphide 
a soln.  of  5 grms.  of  potassium  molybdate  in  10  c.c.  of  water  and  50  c.c.  of  potash- 
lye  of  sp.  gr.  1-44  to  1-48,  and  allowing  the  soln.  to  stand  some  time  for  crystalliza- 
tion. C.  F.  Rammelsberg  said  that  the  rhombic  bipyramids  have  the  axial  ratios 
a : b : c=0-7651  : 1 : 0-5721.  C.  von  Haushofer  said  that  the  dark  red  crystals 
are  isomorphous  with  those  of  the  ammonium  salt.  According  to  J.  J.  Berzelius, 
when  heated  out  of  contact  with  air  the  salt  becomes  grey  ; about  one-third  remains 
undecomposed  at  a white-heat,  and  the  remainder  forms  a mixture  of  potassium 
sulphide  and  molybdenum  disulphide.  G.  Kruss  and  H.  Solereder  found  that 
hydrogen  reduces  the  salt  to  a mixture  of  potassium  sulphide  and  molybdenum. 
J.  J.  Berzelius  found  that  the  salt  is  soluble  in  water  forming  a yellowish-red  soln. 
from  which  alcohol  precipitates  the  salt  as  a cinnabar  red  powder  which  then  forms 
scaly  crystals.  If  the  aq.  soln.  of  the  sulphomolybdates  are  boiled  in  closed  vessels, 
they  deposit  molybdenum  disulphide  and  a complex  with  the  tetrasulphide  (q.v.) 
giving  off  at  the  same  time  hydrogen  sulphide.  The  cone.  aq.  soln.  are  fairly  stable 
in  air,  provided  an  excess  of  molybdenum  trisulphide  is  present ; but  if  the  alkali 
sulphide  predominates,  or  if  free  alkali  be  present,  or  if  the  soln.  is  dil.,  the  soln. 
gradually  darkens  forming  a compound  with  an  excess  of  molybdenum  trisulphide. 
This  compound  slowly  decomposes  with  the  separation  of  molybdenum  trisulphide, 
and  the  supernatant  liquor  contains  compounds  of  the  alkali  with  sulphur  acids, 
with  molybdic  acid,  and  with  the  blue  oxide  of  molybdenum.  Acids  added  to  the  aq. 
soln.  precipitate  molybdenum  trisulphide  with  the  liberation  of  hydrogen  sulphide. 
Metal  oxides  which  readily  part  with  their  oxygen  form  in  the  aq.  soln.  an  alkali 
molybdate  and  a metal  sulphide  which  enters  into  combination  with  the  undecom- 
posed molybdenum  trisulphide.  J.  J.  Berzelius  prepared  potassium  sulpho- 
dimolybdate, K2Mo2S7.  as  a dark  grey  substance,  on  adding  a mineral  acid,  or 
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preferably  acetic  acid,  to  an  aq.  soln.  of  the  normal  sulphomolybdate,  and 
evaporating  the  brown  liquid.  The  brown  powder  dissolves  slowly  in  cold  water, 
and  rapidly  in  boiling  water.  The  aq.  soln.  with  an  aluminium  salt  liberates 
hydrogen  sulphide  and  precipitates  molybdenum  trisulphide  and  aluminium 
hydroxide ; and  similarly  also  with  titanium  salts.  R.  Fernandes  prepared 
potassium  parasulphomolybdate,  K5H5[H2(MoS4)6].16H20 ; but  he  could  not 
obtain  potassium  trisulphomolybdate,  K4H6[H2(MoS4)6],  analogous  to  the  correspond- 
ing ammonium  salt.  G.  Kriiss  obtained  crystals  of  potassium  orthosulphodi- 
molybdate,  3K2S.2MoS3, 

(KS)*jMo.S.Mo^KS'3 

from  a soln.  of  5 grins-,  of  potassium  molybdate  in  10  c.c.  of  water  and  60  c.c.  of 
potash-lye,  of  sp.  gr.  1-53-1-56,  sat.  with  hydrogen  sulphide,  by  allowing  it  to 
stand  for  crystallization.  The  orange-red  plates  were  thought  by  C.  von  Haushofer 
to  be  rhombic.  They  decompose  after  some  time  to  form  the  normal  sulphomolyb- 
date. The  salt  is  freely  soluble  in  water,  but  insoluble  in  alcohol  and  ether.  The 
aq.  soln.  decomposes  slowly  in  air,  and  it  gives  a pale  lemon-yellow  precipitate 
with  a barium  salt ; brownish-yellow  with  a manganous  salt ; olive-green  with  a 
cadmium  salt ; and  dark  brown  with  a uranyl  salt.  G.  Kriiss  prepared  caesium 
sulphomolybdate,  Cs2MoS4,  in  red  needles. 

J.  J.  Berzelius  obtained  cupric  sulphomolybdate,  CuMoS4,  as  a dark  brown 
precipitate ; silver  sulphomolybdate,  Ag2MoS4,  as  a black  precipitate ; and  gold 
sulphomolybdate,  Au2(MoS4)3,  as  a black  powder.  By  boiling  barium  disulphide 
with  water  and  an  excess  of  molybdenum  trisulphide,  and  cooling  the  filtered 
soln.,  J.  J.  Berzelius  obtained  barium  sulphotrimolybdate,  BaS.3MoS3,  in  brownish- 
red  crystals.  The  salt  is  easily  attacked  by  dil.  hydrochloric  acid,  but  not  by  the 
cone,  acid,  precipitating  molybdenum  trisulphide.  The  evaporation  of  the  mother- 
liquor  gives  barium  sulphomolybdate,  BaMoS4.  G.  Kriiss  obtained  barium  ortho- 
sulphodimolybdate,  3BaS.2MoS3,  from  the  potassium  salt  as  indicated  above. 
J.  J.  Berzelius  obtained,  as  in  the  case  of  the  corresponding  barium  salts,  strontium 
sulphotrimolybdate,  SrS.3MoSs ; strontium  sulphomolybdate,  SrMoS4 ; calcium 
sulphotrimolybdate,  CaS.3MoS3 ; calcium  sulphomolybdate,  CaMoS4 ; beryllium 
sulphomolybdate,  BeS.3MoS3 ; and  magnesium  sulphotrimolybdate,  MgS.3MoS3. 
F.  Rodolico  obtained  a complex  with  hexamethylene  tetramine,  X, 
MgMoS4(X).10H20.  J.  J.  Berzelius  prepared  zinc  sulphomolybdate,  ZnMoS4 ; 
and  cadmium  sulphomolybdate,  CdMoS4.  G.  Kriiss  also  obtained  cadmium  ortho- 
disulphomolybdate,  3CdS.2MoS3,  from  the  potassium  salt  as  indicated  above. 
J.  J.  Berzelius  prepared  mercurous  sulphomolybdate,  Hg2MoS4,  as  a brownish- 
black  precipitate ; and  mercuric  sulphomolybdate,  HgMoS4,  as  a pale  brown  pre- 
cipitate. J.  J.  Berzelius  did  not  obtain  aluminium  sulphomolybdate,  because 
the  precipitate  was  hydrolyzed  to  aluminium  hydroxide  ; but  he  obtained  a soln. 
of  yttrium  sulphomolybdate,  which  precipitated  yttrium  hydroxide  in  a few  hours. 
A black  precipitate  of  stannous  sulphomolybdate,  and  a brown  precipitate  of 
stannic  sulphomolybdate  were  obtained ; likewise  also  with  lead  sulpho- 
molybdate. 

For  the  arsenic  sulphomolybdates,  vide  the  sulpharsenates.  J.  J.  Berzelius 
obtained  bismuth  sulphomolybdate,  Bi2(MoS4)3,  as  a dark  brown  precipitate. 

L.  Fernandes  prepared  some  complex  sulphomolybdatovanadates  or  sulpho- 
vanadatomolybdates  with  guanidine,  Gu,  thallium,  and  ammonium.  Thus, 
ammonium  sulphovanadatomolybdate,  (NH4)3H5[H2(MoS4)4(VS3)2].10H20 : 
(NH4)5H,[H2(MoS4)3(VS3)31.12H20  ; (NH4)5H[H2(MoS4)2(VS3)2].25H20  ; thallium 
sulphovanadatomolybdate,  Tl5H[H2(MoS4)2(VS3)4].60H2O ; and  also  guanidine 
sulphovanadatomolybdate,  Gu5H3[H2(MoS4)4(VS3)2].15H20  ; Tl5H2[H2(MoS4)3- 

(VS3)3].22H20 ; and  Tl5H[H2(MoS4)2(VS3)2].15H20.  J.  J.  Berzelius  prepared 
chromic  sulphomolybdate,  as  a dark  brown  precipitate  ; uranyl  sulphomolybdate, 
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as  a dark  brown  precipitate  ; and  G.  Kriiss  obtained  a dark  brown  uranyl  salt 
corresponding  with  3K2S.2MoS3.  J.  J.  Berzelius  obtained  manganous  sulpho- 
molybdate  as  a brownish-yellow  precipitate,  and  a polysulphomolybdate  as  a dark 
red  powder ; and  G.  Kriiss  obtained  a brownish-yellow  magnanese  salt  corre- 
sponding with  3K2S.2MoS3.  J.  J.  Berzelius  prepared  ferrous  sulphomolybdate 
as  a rust-yellow  powder ; ferric  sulphomolybdate,  as  a dark  brown  powder ; cobalt 
sulphomolybdate,  as  a brownish-black  precipitate ; nickel  sulphomolybdate,  as 
a dark  brown  precipitate ; and  platinum  sulphomolybdate,  as  a brownish-black 
precipitate. 

In  the  course  of  the  preparation  of  molybdenum  tetrasulphide,  G.  Kriiss  obtained 
a blood-red  liquid  whioh  furnished  crystals  of  the  composition  KHM0S5.  When  a 
soln.  of  this  salt  is  treated  with  dil.  hydrochloric  or,  better,  acetic  acid,  permono- 
sulphomolybdic  acid,  H2MoS5,  is  precipitated.  This  is  washed  successively  with 
cold  air-free  water,  alcohol,  ether,  carbon  disulphide,  and  water-free  ether,  and 
dried  in  vacuo  over  sulphuric  acid.  The  product  loses  hydrogen  sulphide  when 
warmed  in  a closed  vessel,  and  at  140°,  it  passes  into  molybdenum  tetrasulphide. 
Tt  is  insoluble  in  water,  alcohol,  ether,  and  acetic  acid  ; with  boiling  cone,  hydro- 
chloric acid,  hydrogen  sulphide  is  evolved  ; hot,  cone,  sulphuric  acid  forms  a reddish- 
yellow  liquid  which  deposits  sulphur  and  gives  off  sulphur  dioxide  ; it  forms  a 
yellow  liquid  with  warm  alkali-lye  ; potassium  hydrosulphide  forms  KHM0S5  ; 
and  potassium  sulphide,  K2MoS6.  Many  of  the  permonosulphomolybdates, 
R2'MoS5,  reported  by  J.  J.  Berzelius  may  be  oxysulphomolybdates. 

J.  J.  Berzelius  prepared  ammonium  permonosulphomolybdate,  (NH4)2MoS5, 
by  digesting  moist  molybdenum  tetrasulphide  in  a soln.  of  ammonium  sulphide 
containing  an  excess  of  ammonia  which  lowers  the  solubility  of  the  salt.  The  yellow 
powder  becomes  dark  red  when  dried  in  air  presumably  owing  to  the  loss  of 
ammonium  sulphide.  The  salt  is  sparingly  soluble  in  cold  water ; freely  soluble 
in  hot  water ; and  insoluble  in  aq.  ammonia.  J.  J.  Berzelius  obtained  lithium 
permonosulphomolybdate,  Li2MoS6,  as  a pale  yellow  crystalline  powder ; sodium 
permonosulphomolybdate,  Na2MoS5,  as  a reddish-yellow  powder  ; and  potassium 
permonosulphomolybdate,  K2MoS5,  by  the  method  indicated  in  connection  with 
molybdenum  tetrasulphide,  and  also  by  the  action  of  a soln.  of  potassium  sulphide 
on  moist  molybdenum  tetrasulphide.  The  ruby-red  plates  or  powder  decrepitate 
when  heated  ; and  they  are  decomposed  into  potassium  trisulphide  and  molyb- 
denum disulphide.  The  salt  is  sparingly  soluble  in  cold  water,  but  more  soluble  in 
boiling  water.  The  hot  soln.  is  red  and  does  not  give  a precipitate  on  cooling  ; 
with  hydrochloric  acid,  the  aq.  soln.  gives  a precipitate  of  molybdenum  tetra- 
sulphide. The  salt  is  insoluble  in  cold  potash-lye.  According  to  G.  Kriiss,  the  salt 
obtained  in  the  preparation  of  molybdenum  tetrasulphide  ( q.v .),  and  considered  by 
J.  J.  Berzelius  to  be  K2MoS5,  is  really  potassium  hydropermonosulphomolybdate, 
KHMoS5.  It  is  also  formed  by  the  action  of  a soln.  of  potassium  hydrosulphide  on 
molybdenum  tetrasulphide.  The  blood-red,  rhombic  prisms  are  quickly  decom- 
posed by  moist  air.  Most  metal  salt  soln.  give  red  precipitates  with  the  soln.  of  the 
potassium  salt.  K.  A.  Hofmann’s  analysis  of  a salt  made  by  mixing  NH4MoS3 
with  a soln.  of  potassium  hydrosulphide  agreed  with  the  formula  KM0S5. 

J.  J.  Berzelius  prepared  copper  permonosulphomolybdate,  CuMoS5,  as  a dark 
red  precipitate  ; dark  brown  silver  permonosulphomolybdate,  Ag2MoS5  ; dark 
brown  gold  permonosulphomolybdate,  Au2(MoS5)3 ; yellowish-red  barium  per- 
monosulphomolybdate, BaMoS5 ; scarlet-red  calcium  permonosulphomolybdate, 
CaMoS5 ; red  magnesium  permonosulphomolybdate,  MgMoS5 ; red  zinc  permono- 
sulphomolybdate, ZnMoS5 ; red  cadmium  permonosulphomolybdate,  CdMoS5: 
reddish-brown  mercurous  permonosulphomolybdate,  Hg2MoS5 ; red  mercuric 
permonosulphomolybdate,  HgMoS5 ; dark  brown  stannous  permonosulpho- 
molybdate ; red  stannic  permonosulphomolybdate  ; dark  red  lead  permono- 
sulphomolybdate ; reddish-brown  bismuth  permonosulphomolybdate  ; dark  red 
chromic  permonosulphomolybdate  ; dark  red  uranyl  permonosulphomolybdate  ; 
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red  manganese  permonosulphomolybdate ; red  ferrous  permonosulphomolybdate ; 
red  ferric  permonosulphomolybdate  ; reddish-brown  cobalt  permonosulpho- 
molybdate ; dark  brown  nickel  permonosulphomolybdate  ; and  dark  red 
platinum  permonosulphomolybdate. 

According  to  K.  A.  Hofmann,  when  a soln.  of  ammonium  sulphomolybdate  is 
mixed  with  ammonium  polysulphide,  and  allowed  to  remain  24  hrs.,  black  needles 
of  ammonium  perdisulphomolybdate,  NH4MoS6.H20,  are  formed,  and  more  of  the 
salt  is  precipitated  by  adding  alcohol  to  the  mother-liquor.  The  salt  is  purified 
by  washing  it  successively  with  water,  alcohol,  ether,  and  carbon  disulphide,  and 
drying  it  over  potassium  hydroxide.  It  is  sparingly  soluble  in  water,  and  in 
alcohol.  When  treated  with  cold,  10  per  cent,  hydrochloric  acid,  perdisulpho- 
molybdic  acid,  HMoS6,  is  deposited.  It  is  washed  with  carbon  disulphide.  If 
the  ammonium  salt  is  treated  wit]i  a 10  per  cent.  soln.  of  potassium  hydroxide  for 
24  hrs.  at  ordinary  temp.,  dark  brown  leaflets  of  potassium  perdisulphomolybdate, 
KMoS6,  are  formed.  The  potassium  salt  is  more  soluble  than  the  ammonium  salt. 
Black  insoluble  prisms  of  caesium  perdisulphomolybdate,  CsMoS6,  are  similarly 
obtained  ; and  likewise  black,  insoluble  prisms  of  thallium  perdisulphomolybdate, 
T1MoS6. 

F.  Rodolico  2 prepared  magnesium  oxytrisulphomolybdate  in  association  with 
hexamethylenetetramine,  MgMoS3O.2X.10H2O.  According  to  H.  ter  Meulen,  if 
sodium  sulphide  acts  on  molybdenum  oxychloride  in  absolute  alcohol  molybdenum 
dioxysulphide,  Mo02S,  is  formed.  H.  Debray  prepared  golden-yellow  needles  of 
ammonium  dioxydisulphomolybdate,  (NH4)2Mo02S2,  by  treating  a cone.  soln.  of 
ammonium  molybdate  with  ammonium  sulphide  at  a low  temp.  L.  Bodenstab 
obtained  it  by  saturating  with  hydrogen  sulphide  a strong  ammoniacal  soln.  of 
ammonium  molybdate  containing  much  ammonium  chloride.  The  red  prisms 
were  washed  with  aq.  ammonia  and  dried  over  sulphuric  acid.  G.  Kriiss  obtained 
golden-yellow,  monoclinic  needles  of  the  salt  by  passing  hydrogen  sulphide  into  a 
soln.  of  5 grms.  of  ammonium  paramolybdate  in  15  c.c.  of  water  and  25  c.c.  of 
ammonia  of  sp.  gr.  0-96,  at  6°.  The  crystals  which  separate  in  about  a quarter  of 
an  hour  are  washed  with  cold  water,  then  with  alcohol,  and  dried  in  vacuo.  The 
yellow  crystals  redden  on  exposure  to  air.  G.  Kriiss  and  H.  Solereder  reduced  the 
salt  to  molybdenum  by  heating  it  in  hydrogen.  G.  Kriiss  found  that  the  salt  is 
soluble  in  water  ; sparingly  soluble  in  alcohol ; and  insoluble  in  ether  and  carbon 
disulphide.  L.  Bodenstab  added  that  the  crystals  are  sparingly  soluble  in  cold 
water,  and  freely  soluble  in  boiling  water  ; insoluble  in  alcohol,  and  in  a sat.  soln. 
of  ammonium  chloride.  The  aq.  soln.  decomposes  when  boiled.  Dil.  hydro 
chloric  acid  precipitates  molybdenum  trisulphide  from  the  aq.  soln.  without  giving 
off  hydrogen  sulphide  : 3(NH4)2Mo02S2-t-6HCl=2MoS3-f  Mo03+6NH4Cl-i-3H20. 
According  to  H.  ter  Meulen,  if  acetic  acid  is  used  in  place  of  hydrochloric  to  decom- 
pose the  dithiomolybdate,  stable  colloidal  soln.  of  the  trisulphide  are  obtained. 
The  fusion  of  sodium  carbonate  arid  the  trisulphide  or  tetrathiomolybdate  also 
yields  the  dithiocompounds,  MoS3-f-2Na2C03=Na2Mo02S2-j-Na2S-)-2C02.  Cold, 
cone,  sulphuric  acid  dissolves  the  salt,  the  soln.  gradually  darkens  in  colour,  and 
the  brownish-yellow  soln.  becomes  green.  Precipitates  are  produced  by  salts  of 
the  elements  of  the  ammonium  sulphide  or  hydrogen  sulphide  groups.  L.  Fernandes 
and  F.  Palazzo  prepared  polyphenolic,  and  pyridine  complexes.  G.  Kriiss  pre- 
pared potassium  dioxydisulphomolybdate,  K2Mo02S2,  in  reddish-yellow  needles. 
F.  Rodolico  prepared  magnesium  dioxydisulphomolybdate  in  association  with 
hexamethylenetetramine , MgMoS202 . 2X . 1 0H2O . 

L.  Fernandes  and  F.  Palazzo  regarded  the  oxysulphides  of  molybdenum  as 
isopolyacids  in  which  oxygen  is  partly  replaced  by  sulphur.  They  prepared 
sulphotrimolybdates  containing  four  substituted  hydrogen  atoms  by  strong  acidifi- 
cation ; and  oxysulphoparamolybdates  with  five  substituted  hydrogen  atoms  by 
weak  acidification.  Ammonium  salts  with  five  substituted  hydrogen  atoms,  and 
containing  the  group  MoS202  could  not  be  prepared,  because,  with  the  smallest 
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addition  of  acid,  tri-salts  with  four  ammonium  radicles  were  formed.  Salts  were 
prepared  by  adding  increasing  proportions  of  ammonium  sulphomolybdate, 
(NH4)2MoS4,  to  ammonium  dioxydisulphomolybdate,  (NH4)2MoS202,  so  as 
to  obtain  soln.  with  progressively  increasing  proportions  of  sulphur.  Thus, 
(NH4)4H6[H2(MoS202)6j.5H20  was  obtained  as  an  orange-yellow  powder,  stable 
in  air,  by  adding  1 to  15  c.c.  of  iV-acetioacid  to  10  grms.  of  ammonium  dioxydisulpho- 
molybdate dissolved  in  the  smallest  proportion  of  water,  and  washing  the  precipitate 
with  alcohol  and  ether.  If  Y-acetic  acid  be  added  to  a soln.  of  equal  parts  of 
ammonium  sulphomolybdate  and  dioxydisulphomolybdate,  (NH4)5H5[H2(MoS30)3- 
(MoS202)3].16H20  is  formed  as  a maroon-red  powder.  The  addition  of  N- acetic 
acid  to  soln.  with  proportions  of  ammonium  sulphomolybdate,  and  dioxydisulpho- 
molybdate in  proportions  up  to  9 : 1,  furnishes  (NH4)5H5[H2(MoS30)6].27H20. 

By  adding  a soln.  of  guanidine  acetate  to  a hot,  dil.  soln.  of  ammonium  dioxydisul- 
phomolybdate, and  cooling,  Gu4H6[H2(MoS202)B].8H20  is  formed  as  an  orange-yellow 
powder  ; if  relatively  dil.  soln.  be  allowed  to  stand  for  some  days,  fire-red  crystals  of 
Gu6H5[H2(MoS202)6].9H20  appear  ; if  acetic  acid  be  added  to  soln.  of  guanidine  acetate, 
and  ammonium  sulphomolybdate  and  dioxydisulphomolybdate,  a maroon-red  powder  of 
Gu4He[H2(MoS2O2)3(MoS3O)3].10H2O  is  formed ; if  only  a very  small  proportion  of 
acetic  acid  is  used,  red  crystals  of  Gu505[H2(MoS202)3(MoS30)3].9H20  are  formed  ; and 
if  the  proportion  of  sulphomolybdate  to  dioxydisulphomolybdate  is  greater,  dark  red 
crystals  of  Gu6Hs[H2(MoS202)2(MoS30)4].7H20  are  formed. 

G.  Kriiss  obtained  sodium  trioxysulphomolybdate,  Na2Mo03S,  by  treating 
sodium  trimolybdate  with  freshly  prepared  sodium  hydrosulphide  at  20°-30°, 
adding  alcohol,  and  allowing  the  reddish-yellow  oily  precipitate  to  crystallize. 
The  golden-yellow  crystals  are  washed  successively  with  alcohol,  ether,  carbon 
disulphide,  ether,  and  alcohol,  and  dried  in  an  air-bath  at  100°.  The  hygroscopic 
crystals  are  freely  soluble  in  water  ; acetic  acid  forms  a green  soln.  ; cone,  sulphuric 
acid  a deep  blue  soln.  which  becomes  green.  Ammonium  sulphide  transforms  the 
salt  into  sodium  sulphomolybdate.  The  soln.  gives  a yellowish-green  precipitate 
with  copper  salts  ; a yellowish-white  precipitate  with  zinc  salts  ; and  a yellow 
precipitate  with  barium  salts.  F.  Rodolico  prepared  magnesium  trioxybisulpho- 
molybdate  in  association  with  hexamethylenetetramine,  MgMoSO3.2X.10H2O. 

G.  Kriiss  prepared  ammonium  hydrotetroxytrisulphodimolybdate,  (NH4)- 
HMo204S3,  by  treating  a soln.  of  ammonium  paramolybdate,  at  about  90°, 
with  ammonium  hydrosulphide  ; and  adding  ammonium  chloride  to  the  cold  soln. 
The  reddish-yellow  precipitate  thus  coagulates  and  it  can  be  washed  successively 
with  water,  alcohol,  and  carbon  disulphide,  and  dried  at  40°.  It  is  also  formed 
when  a soln.  of  ammonium  molybdate  is  sat.  with  hydrogen  sulphide.  The 
brownish-yellow  product  decomposes  when  heated  in  air  ; it  develops  hydrogen 
sulphide  when  boiled  with  water  ; it  is  soluble  in  water,  but  insoluble  in  alcohol, 
ether,  and  carbon  disulphide.  Hot,  dil.  soda-lye  forms  a reddish-yellow  soln. 
which  on  cooling  gives  a precipitate  of  the  sodium  salt ; potash-lye  gives  only  a 
trace  of  the  potassium  salt.  Hot,  cone,  alkali-lye  precipitates  sulphur, 
and  olive-green  molybdenum  dioxide ; with  ammonia : (NH4)HMo04S3-|--NH3 
=(NH4)2Mo02S2+Mo02S  ; and  with  an  excess  of  ammonium  sulphide : 
(NH4)HMo204S34-5(NH4)2S=2(NH4)2MoS4+7NH3+4H20.  Cone,  nitric  acid  oxi- 
dizes the  salt  vigorously  ; and  hot,  cone,  sulphuric  acid  forms  a yellow  liquid 
which  gives  off  sulphur  dioxide.  G.  Kriiss  prepared  pale  yellow,  amorphous 
sodium  hydrotetroxytrisulphodimolybdate,  NaHMo204S3,  and  lemon-yellow 
potassium  hydrotetroxytrisulphodimolybdate,  KHMo204S3,  in  a similar  manner. 
These  salts  can  be  regarded  as  derivatives  of  2H2Mo202S2  less  a mol.  of  H2S.  Soln. 
of  the  alkali  salts  give  brown  or  reddish-brown  precipitates  with  soln.  of  salts  of 
aluminium,  chromium,  manganese,  copper,  lead,  silver,  and  uranium  ; and  yellow 
precipitates  with  mercury,  platinum,  lanthanum,  and  caesium  salts. 

G.  Kriiss  found  that  if  potassium  trimolybdate  be  dissolved  in  a soln.  of 
potassium  hydrosulphide,  and  alcohol  be  added,  a red  pil  is  precipitated  from  which 
golden-yellow,  monoclinic  prisms  of  potassium  heptoxyenneasulphotetramolybdate, 
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K8Mo407S9,  can  be  separated.  They  are  washed  successively  with  alcohol,  ether, 
and  carbon  disulphide,  and  dried  at  100°.  The  golden-yellow,  aq.  soln.  reddens 
when  treated  with  acetic  acid  ; and  when  the  aq.  soln.  is  heated  to  boiling 
molybdenum  trisulphide  is  precipitated.  When  treated  with  a barium  salt  a 
yellow  precipitate  is  formed  at  once,  while  with  the  normal  sulphomolybdate  the 
precipitate  forms  in  12  hrs.,  and  with  the  sulphodiamolybdate,  in  a few  minutes. 
Copper  and  lead  salts  give  reddish-brown  precipitates. 

For  molybdenum  enneachloroctosulphide,  Mo5S8C19,  vide  supra,  action  of 
sulphur  monochloride  on  molybdenum  ; and  for  M0CI5.N4S4,  vide  supra,  molybdenum 
pentachloride. 
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§ 25.  Molybdenum  Sulphates 

According  to  J.  J.  Berzelius,1  when  dry  hydrated  molybdic  oxide,  Mo(OH)3, 
is  rubbed  in  a mortar  with  an  eq.  amount  of  sulphuric  acid,  a black  mass  of  normal 
molybdic  sulphate  is  formed.  It  is  decomposed  by  water  into  a soluble  acidic 
and  an  insoluble  basic  salt.  A basic  salt  is  also  formed  by  rubbing  an  excess  of 
molybdic  oxide  with  sulphuric  acid ; and  if  the  acid  is  in  excess,  an  acidic  salt  is 
formed.  These  products  represent  more  or  less  hydrolyzed  and  oxidized  derivatives 
of  the  compound  sought.  W.  Wardlaw  and  co-workers  prepared  molybdic  oxydi- 
sulphate,  Mo20(S04)2.5(or  6)H20,  from  a soln.  of  40  grms.  of  molybdenum  trioxide 
in  81  c.c.  of  boiling  sulphuric  acid  of  sp.  gr.  1-84,  mixed  with  a little  nitric  acid  made 
up  to  a litre  with  water,  and  electrolyzed  in  a diaphragm  cqll  with  smooth  platinum 
electrodes.  The  electrolysis  is  conducted  with  the  soln.  in  an  atm.  of  carbon 
dioxide.  The  green  soln.  is  concentrated  between  55°  and  70°.  If  the  temp,  is 
too  high,  the  soln.  becomes  brown,  and  if  the  soln.  be  too  much  concentrated,  red. 
The  green,  cone.  soln.  is  poured  into  acetone.  The  freshly  precipitated  salt  is 
intensely  green,  but  when  dried  over  phosphoric  oxide,  it  becomes  grey,  with  the 
loss  of  sulphate.  When  heated,  it  decomposes : Mo20(S04)2.wH20=Mo205 

+2S02+nH20.  The  substance  is  very  hygroscopic  and  readily  hydrolyzable. 
It  is  insoluble  in  alcohol,  ether,  or  acetone,  but  dissolves  readily  in  water  ; the  soln. 
loses  its  green  colour  immediately  on  exposure  to  air,  and  a rusty-brown  precipitate, 
readily  soluble  in  acids,  gradually  forms.  The  oxydisulphate  immediately  pre- 
cipitates the  metals  from  soln..  of  copper  sulphate  and  silver  nitrate  at  the  ordinary 
temp.,  and  reduces  mercuric  and  ferric  salts  to  the  “ous”  state.  On  warming 
with  sulphur  or  sodium  sulphite,  a soln.  of  the  oxydisulphate,  acidified  with  dil. 
sulphuric  acid,  evolves  hydrogen  sulphide.  Barium  chloride  produces  no  pre- 
cipitate in  a freshly  prepared  soln.  of  the  oxydisulphate,  but  barium  sulphate  is 
thrown  down  on  warming.  Lead  acetate  with  acetic  acid  gives  similar  results. 
Sodium  and  potassium  hydroxides  give  green  deposits.  Ammonia  is  without 
action  in  the  cold,  but  produces  a black  precipitate  on  warming.  Potassium  ferri- 
cyanide  gives  a deep  red  coloration ; a similar  coloration  is  slowly  produced  by 


MOLYBDENUM 


657 


potassium  ferrocyanide.  F.  Forster  and  E.  Fricke,  and  A.  Chilesotti  did  not 
succeed  in  preparing  alums  of  tervalent  molybdenum. 

According  to  J.  J.  Berzelius,  if  molybdenum  is  dissolved  in  hot,  cone,  sulphuric 
acid  ; or  in  dil.  sulphuric  acid  mixed  with  a little  nitric  acid  ; or  if  hydrated 
molybdenum  dioxide  is  dissolved  in  dil.  sulphuric  acid,  black  molybdenum  disul- 
pbate  is  formed.  It  forms  a red  soln.  with  water.  J.  Meyer  and  Y.  Stateczny 
prepared  sulphatomolybdic  acid,  H2[Mo0(S04)2(Mo04)],  by  cooling  a soln.  of 
molybdenum  trioxide  in  hot,  cone,  sulphuric  acid.  It  is  not  considered  to  be  a 
pyrosulphatomolybdic  acid,  H2MoS07.  L.  Forsen  also  prepared  potassium 
sulphatomolybdate,  K2H2[S02(Mo3012)].3H20. 

G.  Bailhache  2 found  that  when  a rapid  current  of  hydrogen  sulphide  is  passed 
into  a boiling  soln.  of  molybdenum  trioxide  in  six  times  its  weight  of  sulphuric  acid, 
molybdenum  trioxydisulphate,  Mo203(S04)2,  or  Mo205.2S03,  is  obtained  as  a mass 
of  black,  olive  prisms,  slowly  but  completely  soluble  in  water,  and  yielding  a deep 
brown  soln.  if  kept  out  of  contact  with  air.  When  exposed  j;o  air,  the  compound 
deliquesces  and  its  aq.  soln.  becomes  green  and  then  blue.  The  brown  soln.  is 
readily  oxidized  to  molybdic  acid  ; when  mixed  with  an  alkali  molybdate,  it  yields 
the  blue  molybdenum  oxide,  and  when  mixed  with  an  alkali  it  yields  a soluble 
molybdate  and  a precipitate  of  hydrated  molybdenum  dioxide.  When  heated 
alone,  the  compound  yields  molybdic,  sulphuric,  and  sulphurous  oxides ; hot 
sulphuric  acid  converts  it  into  the  compound  Mo03.S03  ; hydrogen  at  a red-heat 
converts  it  into  molybdenum  dioxide  and  sulphuric  acid,  and  dry  ammonia  also 
reduces  it  at  a dull  red -heat.  When  heated  with  an  intimate  mixture  of  sodium 
chloride  or  bromide,  it  yields  molybdenum  oxychloride,  Mo02Cl2,  or  the  oxybromide, 
together  with  molybdenum  dioxide,  sodium  sulphate,  and  sodium  molybdate,  the 
proportions  of  the  two  latter  depending  on  the  duration  of  the  operation. 
A.  Kurtenacker  and  F.  Werner  studied  the  catalytic  decomposition  of  hydroxyl- 
amine  by  quinquevalent  molybdenum  sulphate. 

According  to  E.  Pechard,3  when  alcohol  is  gradually  added  to  a soln.  of  molybdic 
acid  in  sulphuric  acid  and  the  liquid  warmed  on  the  water-bath  for  a short  time, 
diluted,  and  neutralized  with  ammonia,  a crystalline  precipitate  is  produced  which 
consists  of  a mixture  of  two  ammonium  molybdosic  sulphates,  one  of  the  com- 
position 5NH3.Mo02S03.7Mo03.8H20,  crystallizing  in  blue,  hexagonal  plates,  and 
the  other,  3NH3.MoO2SO3.7MoO3.10H2O,  in  dark  blue  prisms ; the  latter  is  con- 
verted into  the  former  by  the  further  action  of  ammonia.  Both  these  compounds 
are  very  soluble  in  water,  but  insoluble  in  soln.  of  ammonium  salts  ; they  are  only 
very  slowly  decomposed  by  alkales  or  nitric  acid  at  the  ordinary  temp.,  and  are 
therefore  more  stable  than  the  other  blue  compounds  of  molybdenum  which  have 
been  described.  Analogous  compounds  containing  potassium,  and  both  potassium 
and  ammonium,  have  also  been  obtained,  but  the  corresponding  sodium 
salt  is  too  soluble  to  admit  of  isolation.  The  prolonged  reduction  of  molybdic 
acid  by  alcohol  in  the  presence  of  sulphuric  acid  at  the  ordinary  temp,  results  in 
the  formation  of  molybdosic  sulphate,  7Mo03.2Mo02.7S03.nH20,  crystallizing  in 
slender,  black  needles ; while  if  the  operation  is  conducted  at  100°,  soln.  are 
formed  which  are  immediately  decomposed  by  ammonia.  M.  K.  Hoffmann  re- 
peated E.  Pechard’s  observations.  He  also  reported  products  with  (NH4)20  : 
Mo02  : Mo03  : S03  : H20  in  the  proportions  1 : 1 : 7 : 1 : n ; 1 : 5 : 1 : 7 : 1 : 15  : 
and  2 : 1 : 7 : 1 : 14.  He  also  obtained  in  a similar  way  potassium  molybdosic 
sulphate,  K20.Mo02.7Mo03.S03.8H20. 

According  to  J.  J.  Berzelius,4  if  an  excess  of  molybdenum  trioxide  be  boiled 
with  sulphuric  acid,  a turbid  liquid  is  obtained  which  gelatinizes  on  cooling  and 
deposits  flakes  of  a basic  sulphate  which  are  sparingly  soluble  in  water,  but  insoluble 
in  alcohol.  A soln.  of  molybdenum  trioxide  in  an  excess  of  dil.  sulphuric  acid  is 
pale  yellow,  and  dries  to  a lemon-yellow,  crystalline  mass,  which  deliquesces  in  air, 
and  is  only  partially  soluble  in  water.  M.  Ruegerberg  and  E.  F.  Smith  said  that 
precipitated  molybdenum  trioxide  is  easily  soluble  in  sulphuric  acid  of  sp.  gr. 
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1-378.  According  to  T.  Anderson,  if  barium  molybdate  be  decomposed  by  an 
excess  of  dil.  sulphuric  acid,  and  the  soln.  evaporated,  crystals  of  molybdenum 
trisulphate,  Mo(S04)3.2H20,  are  formed.  A.  C.  Schultz-Sellak,  however,  could  not 
obtain  this  product.  There  is  no  satisfactory  evidence  that  the  normal  salt  has 
been  obtained.  M.  K.  Hoffmann,  M.  Ruegerberg  and  E.  F.  Smith,  and  A.  Mazzuc- 
chelli  and  G.  Zangrilli  studied  the  properties  of  soln.  of  molybdenum  trioxide  in 
sulphuric  acid.  If  hydrogen  dioxide  be  added  to  the  soln.,  the  results  are  compli- 
cated by  the  decomposition  of  the  complex  molybdenum  persulphates,  and  do  not 
admit  of  any  simple  interpretation.  A.  Mazzucchelli  and  C.  Barbero  measured  the 
potentials  of  the  soln. — vide  supra,  permolybdates. 

A.  C.  Schultz-Sellak  evaporated  a soln.  of  molybdenum  trioxide  in  cone,  sulphuric 
acid  and  obtained  crystals  of  what  he  regarded  as  molybdenum  dioxysulphate,  or 
molybdenyl  sulphate,  Mo02(S04),  but  T.  Anderson  could  not  obtain  crystals. 
W.  Muthmann  cooled  a sat.  soln.  of  molybdenum  trioxide  in  boiling,  cone,  sulphuric 
acid,  and  washed  with  alcohol  and  ether  the  crystals  of  the  salt  which  separated 
in  six-sided  prisms.  When  the  salt  is  heated  it  decomposes  with  the  expulsion  of 
sulphur  trioxide.  The  salt  deliquesces  in  air,  and  becomes  blue  owing  to  the 
reducing  action  of  dust.  The  aq.  soln.  becomes  blue  when  warmed  with  molyb- 
denum. R.  Reichwald  found  that  fumarine  is  coloured  violet  and  then  dark  green 
by  this  salt.  W.  T.  Schaller  found  that  the  mineral  ilsemannite,  previously  assumed 
to  be  MOO2.4M0O3,  or  Mo3014,  found  at  Ouray,  Utah,  is  rather  a sulphate  of  the 
composition  Mo02(S04).5H20. 

R.  F.  Weinland  and  H.  Kiihl  added  5 to  8 mols  of  sulphuric  acid  to  a mol  of 
ammonium  iholybdate,  and  evaporated  the  mixture  over  sulphuric  acid.  He  thus 
obtained  ammonium  molybdatotrisulphate,  (NH4)20.2Mo03.3S03.10H20.  By 
dissolving  molybdenyl  sulphate  in  cone.  soln.  of  ammonium  sulphate,  the  ammonium 
molybdatosulphate,  (NH4)20.2Mo03.S03.«H20,  is  tetrahydrated  or  enneahydrated. 
If  potassium  sulphate  be  employed,  the  potassium  molybdatosulphate,  K20.2Mo03. 
S03.wH2Q,  is  dihyd rated  or  hexahydrated.  A soln.  of  a mol  of  potassium  molybdate 
in  5 to  8 mols  of  sulphuric  acid  furnishes  potassium  molybdatotrisulphate, 
K20.2Mo03.3S03.6H20.  The  salts  all  form  slender  needles,  which  are  decom- 
posed by  water  with  the  precipitation  of  molybdic  acid. 

C.  W.  Blomstrand,5  and  A.  Atterberg  prepared  molybdous  tetrabromosulphate, 
[Mo3Br4]S04.3H20,  by  the  action  of  sulphuric  acid  on  an  alkaline  soln.  of  molybdous 
dihydroxytetrabromide. 
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Ann.,  238.  108,  1887  ; R.  Reichwald,  Russ.  Pharm.  Journ.,  28.  161,  177,  193,  209,  225,  1889  : 
Zeit.  anal.  Chem.,  28.  622,  1889  ; T.  Anderson,  Berzelius'  Jahresb.,  22.  161,  1843  ; R.  F.  Weinland 
and  H.  Kiihl,  Zeit.  anorg.  Chem.,  54.  259,  1907  ; M.  K.  Hoffmann,  Zur  Analyse  der  niederen 
Molybddnoxydverbindungen  und  Beitrage  zur  Chemie  der  Salze.  derselben,  Bern,  26,  1903 ; 
M.  Ruegerberg  and  E.  F.  Smith,  Journ.  Amer.  Chem.  Soc.,  22.  772,  1900  ; A.  Mazzucchelli  and 
G.  Zangrilli,  Gazz,  Chim.  Ital.,  40.  ii,  71,  1910;  A.  Mazzucchelli  and  C.  Barbero,  Atli  Accad. 
Lincei,  (5),  15.  ii,  39,  1906;  J:  Meyer  and  V.  Stateczny,  Zeit.  anorg.  Chem.,  122.  1,  1922; 

W.  T.  Schaller,  Journ.  Washington  Acad.,  7.  417,  1917  ; Chem.  News,  116.  94,  1917. 

6 C.  W.  Blomstrand,  Journ.  prakt.  Chem.,  (1),  71.  449,  1857  ; (1),  77.  96,  1859;  (1),  82. 
423,  1861  ; A.  Atterberg,  Akad.  Aflutndl.  Upsala,  J,'1872;  Ndgra  Bidrag  till  kdnnedomeu  om 
Molybdan,  Upsala,  1872  ; Bull.  Soc.  Chim.,  (2),  18.  21,  1872. 
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§ 26.  Molybdenum  Carbonates  and  Nitrates 

No  molybdenum  carbonate  has  been  reported.  J.  J.  Berzelius 1 dissolved 
hydrated  molybdic  oxide  in  dil.  nitric  acid  and  obtained  a soln.  of  molybdenum 
nitrate  which  soon  became  purple-red.  The  soln.  when  concentrated  becomes 
blue,  then  colourless,  gives  off  nitric  oxide,  and  deposits  molybdenum  trioxide. 
If  molybdenum  or  the  hydrated  dioxide  be  digested  in  nitric  acid,  a reddish-brown 
soln.  is  obtained  which  gives  off  nitrous  fumes  when  evaporated.  C.  F.  Bucholz 
obtained  a yellow  residue — presumably  molybdenum  trioxide  contaminated  with 
iron — on  evaporating  the  soln.  K.  Lindner  and  co-workers  treated  an  alcoholic 
soln.  of  molybdous  chloride  with  an  alcoholic  soln.  of  silver  nitrate,  and  obtained 
on  evaporation  molybdenum  alcoholotetrachlorodinitrate,  Mo3C14(N03)2.C2H50H ; 
and  by  adding  ether  to  the  alcoholic  soln.,  molybdenum  tetrachlorodinitrate, 
Mo3C14(N03)2,  was  obtained  as  an  amorphous,  yellow  powder.  S.  M.  Tanatar 
and  E.  K.  Kurowsky  prepared  beryllium  oxynitratomolybdate,  Be(N03)2. 
wBe3(Mo04)2.wBeO. 

References. 

1 J.  J.  Berzelius,  Schweigger’s  Jorum.,  22.  51,  1817  ; Ann.  Chim.  Phys.,  (2),  17.  5,  1921  ; 
Pogg.  Ann.,  4.  153,  1825  ; 6.  331,  369,  1826 ; 7.  261,  1826  ; C.  F.  Bucholz,  Scherers  Journ.,  9. 
485,  1802  ; Oehlen’s  Journ.,  4.  603,  1807  ; Phil.  Mag.,  16.  193,  1803  ; Nicholson’s  Journ.,  20. 
121,  188,  1808  ; Journ.  Mines,  18.  241,  1808  ; K.  Lindner,  E.  Haller,  and  H.  Helwig,  Zeit.  anorg. 
Chem.,  130.  209,  1923  ; S.  M.  Tanatar  and  E.  K.  Kurowsky,  Journ.  Russ.  Phys.  Chetn.  Soc.,  41. 
813,  1909. 

§ 27.  Molybdenum  Phosphates,  and  Phosphato-  or  Phospho-Molybdic  Acids 

As  previously  indicated,  W.  Wardlaw  and  R.  L.  Wormell 1 found  that  when 
molybdenyl  monochloride  is  treated  with  an  alkali  phosphate,  molybdenyl  phos- 
phate, (MoO)3P04  ,12H20,  is  formed.  A.  Colani  observed  that  when  molybdenum 
trioxide  is  heated  with  metaphosphoric  acid  to  a dull  red-heat,  it  undergoes  a very 
slight  reduction,  the  loss  in  oxygen  corresponding  with  the  formation  of  the  hypo- 
thetical oxide  Mo6017.  When  molybdenum  dioxide  is  similarly  heated,  it  yields 
the  lower  oxide  Mo203,  which  gives  molybdic  metaphosphate,  Mo203.3P205,  and  a 
higher  oxide,  which  under  the  experimental  conditions  remains  dissolved  in  the 
metaphosphoric  acid.  G.  Saring  prepared  a complex  potassium  calcium  phosphato- 
molybdate,  Ca3(P04)2.2Ca0.2K2O.Mo03,  by  fusing  together  the  component  residues. 
G.  Deniges  reported  phosphatomolybdosic  acid,  [(Mo03)4Mo02]2H3P04.4H20,  to 
be  obtained  by  treating  sodium  molybdate  with  crystalline  sodium  hydrophosphate 
in  aq.  soln.  containing  sulphuric  acid  and  finely  divided  aluminium.  The  soln.  was 
extracted  with  ether ; the  ether  soln.  extracted  with  water ; and  the  aq.  soln. 
evaporated  under  reduced  press.  The  product  forms  sapphire-blue,  rhombohedral 
crystals.  The  compound  was  examined  by  A.  Verda.  F.  de  Carli  found  that  only 
an  insignificant  reduction  of  molybdenum  trioxide  occurs  when  it  is  fused  with 
sodium  metaphosphate,  and  even  this  is  prevented  with  fusing  the  mixture  in 
oxygen.  Small  proportions  lower  the  m.p.  of  molybdenum  trioxide  (790°)  down 
to  the  eutectic  at  540°  with  25  per  cent,  of  the  metaphosphate  ; the  m.p.  then  rises 
to  a maximum  at  600°  corresponding  with  sodium  molybdatometaphosphate, 
NaP03.Mo03,  it  then  decreases  to  a second  minimum  at  320°,  and  then  rises  to 
600°,  the  m.p.  of  the  metaphosphate.  The  compound  dissolves  easily  and  com- 
pletely in  hot  water ; and  its  constitution  is  thought  to  be  Na.0.MoO2.0.P02. 
A.  S.  Schachoff  discussed  the  preparation  of  sodium  phosphomolybdate. 

The  complex  phosphatomolybdic  acids  were  discovered  by  J.  J.  Berzelius.1 
He  found  that  when  freshly  precipitated  and  moist  hydrated  molybdenum  trioxide 
is  digested  with  a small  proportion  of  phosphoric  acid,  a lemon-yellow,  insoluble, 
complex  acid  is  formed.  This  product  dissolves  in- an  excess  of  hot  phosphoric 
acid  forming  a colourless  liquid  which  on  evaporation  yields  a tenacious,  amorphous. 
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transparent  mass  winch  is  soluble  in  water  and  alcohol.  The  alcoholic  soln.  is 
yellow,  but  it  turns  blue  on  evaporation  and  leaves  a brown  residue  which 
forms  a blue  soln.  with  water.  The  product  was  also  examined  by  L.  F.  Svanberg 
and  H.  Struve,  and  E.  Drechsel.  F.  Elias  found  that  a soln.  containing 
P205  : Mo03=l  : 21-74  gives  with  a 10  per  cent.  soln.  of  ammonium  nitrate  a 
precipitate  with  the  mol.  proportions  1 : 22-28  ; using  a cold,  sat.  soln.  of  potassium 
chloride  as  precipitate,  the  product  has  1 : 22-71.  The  mother-liquors  when 
evaporated  give  products  with  the  respective  ratios  1 : 18-44,  and  1 : 20-3.  It  is 
therefore  inferred  that  the  soln.  of  molybdenum  trioxide  in  phosphoric  acid  contains 
two  or  more  phosphomolybdic  acids.  A.  Miolati  and  R.  Pizzigheli  measured  the 
sp.  electrical  conductivity  of  mixed  soln.  of  phosphoric  and  molybdic  acids  when 
1 c.c.  of  phosphoric  acid  soln.  has  0-01y61  grm.  H3P04,  and  1 c.c.  of  molybdic  acid 
soln.  has  0-0288  grm.  Mo03  ; and  when  1 c.c.  of  the  molybdic  acid  soln.  has  0-666  mol 
Mo03  per  mol  of  H3P04.  The  curve  shown  in  Fig.  31  has  one  break  corresponding 
with  P205  : Mo03=1  : 20.  A.  Miolati  and  R.  Pizzigheli  also  measured  the  sp. 
electrical  conductivities  of  mixed  soln.  of  molybdic  acid  and  sodium  hydrophosphate 
when  1 c.c.  of  the  phosphate  soln.  has  0-02082  grm.  Na2HP04,  and  1 c.c.  of  the 
molybdic  acid  has  0-01805  grm.  Mo03,  or  0-5  c.c.  has  a mol  of  Mo03  per  mol  of 


c.c.  when  /c.c.=  0-0/805  grm.  Mo03 

Fig.  31. — Electrical  Conductivities  of 
Mixed  Solutions  of  Molybdic  and 
Phosphoric  Acids. 


C.C.  when  /c.c  - 0-288 grm.  Mo03 

Fig.  32. — Electrical  Conductivities  of 
Mixed  Solutions  of  Molybdic  Acid 
and  Sodium  Hydrophospate. 


Na2HP04.  The  curve  shown  in  Fig.  32  has  a break  corresponding  with 
P205.Mo03— 1 : 5 and  L:16  respectively.  According  to  L.  Malaprade,  when 
phosphomolybdic  acid,  P205.24Mo03.3H20,  is  neutralized  with  alkali,  the  electro- 
metric curve  shows  no  point  of  inflexion  corresponding  with  the  formation  of  the 
normal  salt,  but  there  is  a point  of  inflexion  corresponding  with  the  formation  of  a 
salt  of  P205.22Mo03.7H20  ; and  a second  one  corresponding  with  the  decomposition 
of  the  phosphomolybdic  acid  into  phosphate  and  molybdate. 

According  to  A.  Verda,  when  the  ordinary  phosphatomolybdic  reagent  (5  parts 
of  phosphatomolybdic  acid,  7 parts  of  nitric  acid,  100  parts  of  water)  is  shaken  with 
excess  of  ether,  it  is  decolorized,  the  colour  becoming  cone,  in  a small  quantity  of 
dense  liquid  which  separates  at  the  bottom  of  the  vessel.  This  proved  to  be  a soln. 
of  phosphatomolybdic  acid  in  ether,  for  on  evaporation  of  the  ether  there  remained 
pure  phosphatomolybdic  acid  as  an  amorphous  yellow  powder,  more  readily 
reducible  than  the  ordinary  phosphatomolybdic  acid.  Pure  water  dissolves  out 
the  phosphatomolybdic  acid  from  the  yellow  liquid,  but  water  sat.  with  ether  is 
without  action  on  it.  Ether  forms  with  solid  phosphatomolybdic  acid  this  yellow 
liquid,  which,  however,  does  not  mix  with  the  excess  of  ether.  Soln.  of  phosphato- 
molybdates,  acidified  and  treated  with  ether,  can  in  this  way  be  made  to  yield  pure 
phosphatomolybdic  acid.  E.  Pechard  prepared  the  phosphatomolybdic  acids  as 
compounds  of  phosphoric  acid  with  metamolybdic  acid.  A large  number  of  salts 
has  been  reported,  but,  as  in  the  case  of  the  molybdate,  there  are  doubts  about  the 
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chemical  individuality  of  many  of  them.  The  phosphatomolybdic  acids  with  a 
high  proportion  of  molybdate — say  P : Mo=l  : 9 to  1 : 12 — are  yellow,  whereas 
those  with  a lower  proportion  are  white  or  colourless.  According  to  A.  Rosenheim, 
the  yellow  compounds  can  be  regarded  as  derivatives  of  the  septivalent  POc-anion — 
or  the  H7P06  acid — with  the  bivalent  Mo207-radicle  in  place  of  oxygen ; while  the 
colourless  series  are  derivatives  of  the  tervalent  P04- anion — or  the  H3P04  acid — 
with  the  bivalent  Mo04-radicle. 

Phosphatododecamolybdic  acid 

H7[P(Mo20,)6] 

Phosphatohenamolybdic  acid 

Hi2[E>2(1VI0207)  nl 
Phospliatodecamolybdic  acid, 

H6[P(0H)(Mo207)51 
Pliosphatoenneamolybdic  acid 

H x 2[P  20  2(Mo  20  7 ) 9] 

Phosphatohcmiheptadecamolybdic  acid  . 

Phosphatohemipentamolybdic  acid  . 

H8[P204(Mo04)6] 

Phosphatodimolybdic  acid 

H3[P02(Mo04)2] 

Phosphatomolybdic  acid 

H3[P03(Mo04)] 

R.Finkener,and  F.  Kehrmann  and  E.  Bohm  obtained  phosphatododecamolybdic 
acid,  P205.24Mo03.nH20.  by  adding  yellow  molybdenum  trioxide  to  a boiling  aq. 
soln.  of  phosphoric  acid  ; evaporating,  and  cooling  the  soln.  A.  Miolati,  and 
H.  Debray,  and  M.  G.  Levi  and  E.  Spelta  obtained  it  by  treating  the  ammonium 
salt  with  aqua  regia,  and  repeatedly  crystallizing  the  product  from  water  acidulated 
with  nitric  acid.  F.  Hundershagen  studied  the  conditions  for  its  formation  and 
separation  as  the  ammonium  salt  in  analytical  work.  According  to  E.  Drechsel, 
and  A.  Rosenheim  and  J.  Pinsker,  phosphatododecamolybdic  acid  is  also  obtained 
by  extracting  with  ether  a soln.  of  molybdenum  trioxide  in  phosphoric  acid,  or  a 
soln.  of  a salt  of  the  acid  mixed  with  hydrochloric  or  nitric  acid  ; and  evaporating 
the  ethereal  layer.  F.  Kehrmann  and  E.  Bohm  used  the  following  process  : 

Dissolve  50  grins,  of  sodium  phosphate  in  water,  and  pour  into  the  cold  liquid,  a cold, 
sat.,  aq.  soln.  of  200  grms.  of  ammonium  paramolybdate  in  a thin  stream  with  constant 
stirring.  Wash  the  precipitate  by  repeated  decantation  with  hot  water  acidulated  with 
nitric  acid.  Dissolve  it  in  hot  aqua  regia,  and  remove  the  volatile  acids  by  repeated 
evaporation  with  water  on  a water-bath.  Dissolve  the  dry  residue  in  a little  water, 
evaporate  the  filtered  soln.  on  a water-bath.  Filter  by  suction,  wash  the  product  with 
ice-cold  water,  and  recrystallize  twice  from  water  acidulated  with  nitric  acid. 

R.  Finkener,  and  F.  Elias  said  that  the  soln.  of  phosphatododecamolybdic 
acid  in  a large  proportion  of  nitric  acid  furnishes  doubly  refracting  crystals  of 
P205.24Mo03.32H20,  or  the  dodecahydrate,  H7[P(Mo207)6].12H20.  0.  W.  Gibbs, 
and  G.  Pohl  said  that  if  the  cone.  aq.  soln.  is  allowed  to  stand  it  furnishes  yellow 
octahedra  of  P205.24Mo03.62H20 — R.  Finkener,  and  F.  Elias  gave  P205.24Mo03. 
63H20 — or  the  octocosihydrate,  H7[P(Mo207)6|.28H20.  A.  Rosenheim  and 
J.  Pinsker  also  represented  what  they  regarded  as  P205.24Mo03.63H20  ; and 
G.  Pohl,  P205.24Mo03.64H20.  R.  Finkener,  and  F.  Elias  represented  the  acid 
by  the  formula  H3P04.12Mo03.29H20  ; and  F.  Kehrmann,  by  PO(O.Mo02.0. 
Mo02.O.Mo02.OH)3 ; A.  Rosenheim  gave  H7[P(Mo207)6).  A.  Miolati  and 
R.  Pizzighelli  assume  that  the  basicity  of  the  acid  is  the.  difference  between  the 
negative  valency  of  the  acid  groups  and  the  positive  valency  of  the  central  atom. 
This  makes  phosphatododecamolybdic  acid  septivalent.  The  septivalency  of  this 
acid  is  supported  by  the  silver  salt,  7Ag20.P205.24Mo03.  According  to  the 
electrical  conductivity  rule— 1.  15,  13 — the  guanidium  salt  behaves  like  a heptabasic 
acid.  A.  Miolati,  and  A.  Rosenheim  and  J.  Jaenicke  found  that  the  neutralization 
curve  for  the  aq.  soln.  of  the  acid  and  a soln.  of  sodium  hydroxide  indicated  that 


P205.24Mo03.wH20. 

Pa06.22Mo03.nH20. 

P,06.20Mo03.nH20. 

P206.18Mo03.nH20. 

2P206.34Mo03.wH20. 

P205.5Mo03.nH  20. 

P206.4Mo03.wH20. 

P206.2Mo03.nH20. 
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the  acid  is  at  least  sexivalent  and  octocosihydrated.  Phosphatododecamolybdic 
acid  forms  dark  yellow,  cubic  octahedra.  R.  Finkener  found  that  the  salt  loses 
all  but  3 mols.  of  water  at  140°,  and  A.  Miolati  added  that  no  other  chemical  change 
occurs.  The  crystals  begin  to  melt  at  78°,  and  at  98°  form  a clear  liquid  from 
which,  at  90°,  crystals  of  the  dodecahydrate,  H7P(Mo207)6.12H20,  are  formed. 
The  octocosihydrate  is  readily  soluble  in  water  and  the  same  hydrate  is  deposited 
when  the  aq.  soln.  is  crystallized.  The  soln.  in  cone,  nitric  acid  deposits  rhombic 
plates  of  the  docosihydrate,  H7P(Mo207)6.22H20.  A.  Rosenheim  and  J.  Jaenicke 
gave  for  the  eq.  conductivity,  A mhos,  of  one- seventh  a mol  of  the  acid  in  v litres 
of  water  at  25°, 

v . . 32  64  128  256  512  1024 

A . . 190-6  211-3  229-1  248-5  249-5  258-1 

A.  Rosenheim  and  A.  Bertheim  found  that  the  dodeca-acid  is  gradually  hydrolyzed 
in  aq.  soln.  to  form  the  ennea-acid — vide  infra - — and  this  explains  the  break  in  the 
conductivity  curve,  observed  by  A.  Miolati  and  R.  Pizzighelli — vide  supra,  when 
molybdic  acid  is  successively  added  to  phosphoric  acid.  T.  G.  y Arnal  studied 
the  reactions  of  nitrophosphomolybdic  acid  with  various  salts.  A.  Rosenheim 
and  E.  Brauer  found  the  H‘-ion  cone,  of  the  acid  to  be  5-8  Xl0-3  for  a 0-005A-soln. 
at  25°.  The  acid  does  not  dissolve  in  water.  The  following  reactions  of  a soln. 
of  the  acid  with  metallic  salts,  etc.  were  recorded  by  F.  Kehrmann  and  E.  Bohm  : 
With  sodium  chloride  no  precipitation  occurs  since  the  sodium  salt  is  very  soluble  ; 
potassium  and  ammonium  chlorides  give  a yellow,  very  sparingly  soluble,  pulverulent 
precipitate  ; barium  chloride  gives  no  precipitation  since  the  barium  salt  is  very 
soluble  ; but  it  can  be  salted  out  by  barium  chloride  ; silver  nitrate  gives  a yellow, 
pulverulent,  sparingly  soluble  precipitate ; lead  nitrate,  mercuric  chloride,  and  the 
sulphates  of  copper,  zinc,  cadmium,  cobalt,  and  nickel  give  no  precipitate  because 
the  resulting  salts  are  very  soluble  ; meihylamine,  dimethylamine,  pyridine,  and 
quinoline  give  yellow  r pulverulent  or  flocculent  precipitates  almost  insoluble ; 
aniline  and  p-toluidine  give  no  precipitate  in  dil.  soln.,  but  with  cone.  soln.  a yellow 
oil  separates  which  soon  crystallizes  and  becomes  blue  by  reduction  ; and  /3-napthyl- 
amine  gives  an  oily  precipitate  which  rapidly  forms  yellow,  sparingly  soluble 
crystals.  F.  Parmentier  found  that  the  sat.  ethereal  soln.  has  a sp.  gr.  of  1-3, 
and  he  measured  the  solubility  in  ether  of  what  he  regarded  as  phosphatodeca- 
molybdic  acid,  but  which  was  probably  phosphatododecamolybdic  acid  ; and 
found  that  100  grins,  of  ether  dissolved  S grms.  of  the  acid  : 

0°  8-1°  19-3°  27-4°  32-9° 

S . . . 80-6  84-7  96-7  103-9  107-9 

According  to  R.  Finkener,  ammonium  phosphatododecamolybdate, 

to(NH4)2O.P205.24Mo03.'wH20,  is  obtaine  dfrom  acid  soln.  when  ammonia  is 
added  to  a soln.  of  phosphatododecamolybdic  acid.  The  composition  of  the 
precipitate  was  discussed  by  A.  Konig,  F.  Elias,  T.  Salzer,  H.  Debray,  C.  Friedheim, 
H.  von  Jiiptner,  F.  Feigl,  A.  von  Lipowitz,  V.  Eggertz,  E.  Spiess,  F.  Hundeshagen, 
and  C.  F.  Rammelsberg ; A.  Villiers  and  F.  Borg  gave  3(NH4)20.P205.24Mo03.3H20 ; 
H.  C.  Babbitt  gave  3(NH4)2O.P206.24Mo03.wH20  ; and  O.  W.  Gibbs,  2£(NH4)20. 
P205.24Mo03.8|H20.  According  to  S.  Posternak,  ammonium  phosphatomolybdate 
precipitated  from  phosphate  soln.  in  the  absence  of  ammonium  salts  always  contains 
phosphorus  and  molybdic  oxide  in  a constant  ratio.  It  consists  of  a variable  mixture 
of  di-  and  tri-ammonium  phosphatomolybdates,  varying  according  to  the  composi- 
tion of  the  ammonium  molybdate  soln.  used.  In  the  presence  of  5 per  cent,  or  more 
of  ammonium  nitrate  or  sulphate  the  phosphatomolybdate  precipitate  obtained 
is  a complex  mixture  of  the  types  16(NH4)3(Mo03)i2P04.NH4(Mo03)4N03  and 
8(NH4)3(Mo04)i2P04.(NH4)2(Mo03)8S04,  respectively.  In  all  cases  the  molybdic 
acid  behaves  as  though,  in  acid  medium,  it  existed  in  the  tetramolybdic  state, 
and  in  this  form  combined  with  the  hydroxyl  groups  of  all  the  mineral  acids  present. 
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A.  von  Endredy  represented  the  formula  (NH4)3H4[P(Mo207)6].4H20,  and  found 
that  the  precipitate  is  very  prone  to  adsorb  molybdenum  trioxide.  C.  Friedheim, 
A.  S.  SchachofE,  and  G.  Wirtz  prepared  rhombohedral  crystals  of  sodium  phos- 
phatododecamolybdate,  5Na20(P205.24Mo03)2.100  or  101H20,  by  evaporating 
over  sulphuric  acid  a soln.  of  a mol  of  sodium  hydrophosphate  and  10  mols  of 
molybdic  acid.  M.  Seligsohn  obtained  an  ammonium  sodium  phosphatomolybdaie 
approximating  6(NH4)20.15Na2O.P2O5.60MoO3.18H2O.  A.  Miolati,  and 
A.  Rosenheim  and  J.  Pinsker  represented  the  sodium  salt  by  the  formula 
Na3H4[P(Mo207)6].19H20,  and  the  electrical  conductivities  of  the  soln.  for  one- 
third  a mol  of  the  salt  in  v litres  of  water  at  25°  were  : 


32 

64 

128 

266 

512 

1024 

A.M.  . 

244-2 

270-4 

298 

321-8 

344-2 

370-8 

A.R.  and  J.P. 

250 

275-2 

301-4 

325-2 

350-6 

380-0 

0.  W.  Gibbs  obtained  yellow  potassium  phosphatododecamolybdate,  2K20.P205. 
24Mo03.4H20,  by' boiling  for  a long  time  a mixture  of  potassium  molybdate  and 
hydrosphosphate  with  an  excess  of  nitric  acid.  F.  Kehrmann  and  E.  Bohm 
observed  that  what  is  presumably  copper  phosphatododecamolybdate  is.  precipi- 
tated by  copper  sulphate  from  a soln.  of  the  acid.  The  precipitate  is  soluble  in 
water.  A.  Miolati  and  R.  Pizzighelli  obtained  silver  phosphatododecamolybdate, 
7Ag2O.P205.24Mo03,  from  a soln.  of  silver  nitrate  and  phosphatododecamolybdic 
acid,  or  the  ammonium  salt.  F.  Kehrmann  and  E.  Bohm  reported  barium 
phosphatododecamolybdate,  3BaO.P206.24Mo03.wH20,  to  be  formed  by  treating  the 
phosphatododecamolybdic  acid  with  an  excess  of  barium  chloride.  The  pale  yellow 
octahedra  lose  water  of  crystallization  when  exposed  to  air  ; and  they  lose  "11  their 
water  at  dull  redness,  without  melting.  The  salt  is  soluble  in  water.  M.  Seligsohn 
obtained  ammonium  barium  phosphatomolybdate,  3(NH4)20.30BaO.P205.30Mo03. 
wH20,  from  a soln.  of  ammonium  phosphatododecamolybdate  and  barium  chloride. 
F.  Parmentier,  and  A.  Miolati  and  R.  Pizzighelli  obtained  what  was  probably 
mercurous  phosphatododecamolybdate  by  adding  phosphatododecamolybdic 
acid  to  a soln.  of  a mercurous  salt ; and  C.  Kehrmann  and  E.  Bohm, 
by  using  a mercuric  salt  soln.  obtained  mercuric  phosphatododecamolybdate, 
3Hg0.P205.24Mo03,  as  a precipitate  soluble  in  water.  H.  Beuf  found  that  a boiling, 
neutral  soln  of  a lead  salt  furnishes  a precipitate  of  what  is  nearly  lead  phosphato- 
dodecamolybdate, namely,  25PbO.P205.24Mo03.7H20,  when  treated  with  an 
aq.  soln.  of  phosphatomolybdic  acid.  The  washed  precipitate  dried  at  90°  to 
100°  forms  a dense  white  powder  which  is  insoluble  in  water  (1  in  500,000)  and  aq. 
ammonia,  but  dissolves  in  nitric  and  in  acetic  acids ; and  at  a high  temp.,  it  loses 
7 mols  of  H20.  The  vanadium  phosphatomolybdates  are  discussed  in  connection 
with  vanadium. 

A.  Arnfeld  reported  manganese  phosphatododecamolybdate,  3Mn0.P205. 
24Mo03.58  or  60H20,  to  be  formed  by  boiling  a soln.  of  40  grms.  of  manganese 
hydrophosphate  with  molybdenum  trioxide,  and  allowing  the  filtered  soln.  to 
evaporate  over  sulphuric  acid.  The  yellow  octahedra  effloresce  in  air.  They 
dissolve  in  water ; and  at  90°  lose  16-8  per  cent,  of  water,  and  at  140°,  all  the 
water  is  expelled.  By  boiling  freshly-precipitated  ferric  phosphate,  molybdenum 
trioxide,  and  water,  and  evaporating  the  filtered  soln.,  a yellow  powder  was 
deposited  ; the  filtered  liquid,  when  concentrated,  deposits  octahedral  crystals  of 
ferric  phosphatododecamolybdate,  Fe203.P205.24Mo03.58H20.  Water  decomposes 
the  salt.  Instead  of  evaporating  the  soln.,  ether  can  be  added,  and  the  precipitated 
oil  allowed  to  crystallize.  A.  Arnfeld  prepared  cobalt  phosphatododecamolybdate, 
3CoO.P205.24Mo03.58  to  60H2O,  by  the  saturating  with  molybdenum  trioxide 
40  grms.  of  cobalt  phosphate  in  boiling  water  ; and  concentrating  the  brown  soln. 
over  sulphuric  acid.  The  yellowish-brown,  pyramidal  crystals  effloresce  in  air. 
The  yellow  aq.  soln.  becomes  red  when  treated  with  acids.  A.  Arnfeld  prepared 
green  crystals  of  nickel  phosphatododecamolybdate,  3Ni0.P205.24Mo03.58  to 


664 


INORGANIC  AND  THEORETICAL  CHEMISTRY 


60H20,  in  an  analogous  way.  The  salt  effloresces  in  air  ; loses  all  its  water  at 
150°  ; and  is  soluble  in  water. 

G.  I’ohl  reported  that  if  commercial  phospliatomolybdie  acid  be  recrystallized,  the 
compound  P206.23Mo03.«.H20  can  be  obtained  from  the  mother-liquors;  and  similarly  also 
phosphatohenamolybdic  acid,  P205.22Mo03.58H2O.  C.  F.  Rammelsberg  obtained  ammonium 
phosphatohenamolybdate,  3(NH4)2O.P206.22Mo03.12H20,  by  precipitation  from  a nitric 
acid  soln.  of  ammonium  molybdate  on  the  addition  of  phosphoric  acid.  According  to 
A.  E.  Nordenskjold,  the  axial  ratios  of  the  monoclinic  prisms  are  a : b : c=0-5092  : 1 : 0-8466, 
and  /3  = 90°  59'.  The  yellow,  air-dried  salt  loses  all  its  water  over  sulphuric  acid,  and  it  is 
then  stable  at  100°,  but  gives  off  ammonia  at  120°.  O.  W.  Gibbs  reported  yellow  crystals 
of  potassium  phosphatohenamolybdate,  5K20(P206.22Mo03)2.22H20,  to  be  formed  by 
boiling  for  a short  time  a mixture  of  potassium  molybdate  and  hydrophosphate  with  an 
excess  of  nitric  acid  ; and  C.  F.  Rammelsberg,  3K20.P206.22Mo03.12H2O,  by  adding 
phosphoric  acid  to  a nitric  acid  soln.  of  potassium  molybdate.  The  crystals  resemble 
those  of  the  ammonium  salt.  They  lose  their  water  completely  at  120°— 140°,  and  suffer 
no  further  loss  in  weight  at  a red-heat.  F.  Ephraim  and  H.  Herschfinkel  obtained  rubidium 
phosphatohenamolybdate,  7Rb20.22Mo03.P203.12H20,  by  gradually  adding  2-5  grms.  of 
molybdic  acid  to  a soln.  of  30  c.c.  of  rubidium  carbonate  (containing  5-5  grms.  Rb20 
per  litre)  and  12  c.c.  of  3-3  per  cent,  phosphoric  acid.  O.  W.  Gibbs  obtained  small  tabular 
crystals  of  silver  phosphatohenamolybdate,  7Ag20,P205.22Mo03.14H20,  from  a soln.  of 
silver  nitrate  and  the  corresponding  phospliatomolybdie  acid.  The  salt  is  soluble  in  hot 
water. 

H.  Debray  obtained  doublement  obliques  (triclinic)  prisms  of  what  was  re- 
garded as  phosphatodecamolybdic  acid,  P2O5.20MoO3.24,  41,  51,  or  52H20,  or 
H6[P(0H)(Mo207)5].wH20,  by  the  action  of  aqua  regia  on  ammonium  phosphate. 

G.  Pohl,  and  F.  Parmentier  also  prepared  this  product.  These  phospliatomolybdie 
acids,  as  well  as  the  salts  which  have  been  reported,  are  probably  impure  phosphato- 
dodecamolybdic  acid  or  phosphatododecamolybdates,  or  else  the  formulae  are 
based  on  unsatisfactory  analyses.  A.  Rosenheim  and  A.  Bertheim,  and  A.  Miolati 
considered  phosphatodecamolybdic  acid  to  be  a mixture  of  phosphatododeca- 
molybdic  and  phosphatoenneamolybdic  acids.  0.  W.  Gibbs  described  ammonium 
phosphatodecamolybdate,  8(NH4)20.(P205.20Mo03)3.12H20,  as  a yellow  salt ; 
and  the  salt  (NH4)3H3[P(0H)(Mo207)5]  was  described  by  L.  F.  Svanberg  and 

H.  Struve,  F.  L.  Sonnenschein,  M.  Seligsohn,  M.  Nutzinger,  and  A.  von  Lipowitz. 
H.  Rose  prepared  it  from  a soln.  of  molybdic  acid,  ammonia,  orthophosphoric  acid 
not  in  excess  in  an  acid  soln. — preferably  nitric  acid.  Pyrophosphates  and 
metaphosphates  do  not  give  the  yellow,  pulverulent  precipitate,  unless,  added 
H.  Struve,  they  are  first  transformed  into  orthophosphates.  According  to 
H.  Debray,  if  the  transformation  is  slow,  the  precipitate  may  be  crystalline. 
A.  von  Lipowitz  found  that  the  precipitate  can  be  obtained  free  from  an  excess 
of  molybdic  acid  by  dissolving  2 parts  of  molybdic  acid,  and  one  part  of  tartaric 
acid  in  15  parts  of  warm  water,  adding  10  parts  of  aq.  ammonia  of  sp.  gr.  0-97, 
and  then  15  parts  of  nitric  acid  ; heating  the  soln.  to  its  b.p.  when  some  molybdic 
acid  is  precipitated  ; again  heating  the  filtered  soln.  to  its  b.p,  ; and  adding  one 
part  of  phosphoric  acid  to  100  parts  of  the  filtrate.  The  precipitate  is  washed  with 
2 per  cent,  nitric  acid,  and  dried  over  sulphuric  acid.  H.  Debray  obtained  the 
salt  by  adding  phosphatodecamolybdic  acid  to  a strongly  acid  soln.  of  an  ammonium 
salt.  The  canary-yellow  precipitate,  said  L.  F.  Svanberg  and  H.  Struve,  is  an 
amorphous  powder.  When  heated  to  redness,  ammonia  and  water  are  given  off, 
and  the  brown  or  green  residue  forms  with  nitric  acid  a soln.  which  is  yellow  when 
hot,  and  colourless  when  cold  ; and  which,  on  evaporation,  furnishes  yellow  rhom- 
bohedra  of  phosphatodecamolybdic  acid.  Ammonium  phosphatodecamolybdate 
is  sparingly  soluble  in  water  or  acids  ; and  it  is  easily  soluble  in  aq.  ammonia, 
and  alkali-lye.  If  an  excess  of  ammonium  molybdate  be  present,  E.  Richter  said 
that  the  precipitate  is  nearly  insoluble  in  aq.  ammonia,  and  it  is  also  insoluble 
in  a feebly  acid  soln.  of  ammonium  nitrate.  H.  Struve  said  that  acetic  acid  favours 
the  precipitation  ; while  C.  R.  Fresenius  found  that  in  the  presence  of  ammonium 
molybdate  and  free  nitric  acid,  the  precipitation  is  retarded  by  hydrochloric  acid, 
ammonium  and  metal  chlorides,  tartaric  acid,  ammonium  tartrate  or  citrate,  and 
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an  excess  of  phosphoric  acid.  According  to  F.  L.  Sonnenschein,  the  following 
favour  the  dissolution  of  the  precipitate  : a large  excess  of  water,  or  alcohol ; 
alkali  hydroxides,  carbonates,  or  ortho-,  meta-,  or  pyrophosphates  ; barium  borate  ; 
sodium  dithionate,  thiosulphate,  acetate,  arsenite,  or  arsenate  ; potassium  sodium 
tartrate  ; ammonium  oxalate  ; phosphoric  acid,  or  cone,  sulphuric  acid ; while 
ammonium  molybdate  or  sulphate ; potassium  sulphate ; tartrate,  oxalate, 
nitrate,  chlorate,  chloride,  bromide,  or  iodide ; sodium  bromide,  or  nitrate  ; or 
nitric,  hydrochloric,  boric,  tartaric,  oxalic,  or  dil.  sulphuric  acid,  do  not  have  a 
solvent  action.  F.  L.  Sonnenschein  also  described  a sodium  phosphatodeca- 
molybdate.  A.  S.  Schachoff  recommended  the  following  mode  of  preparation  : 

Ammonium  molybdate  was  prepared  direct  from  600  grms.  of  commercial  molybdic 
acid,  and  an  aq.  soln.  was  treated  with  100  grms.  of  sodium  phosphate,  and  subsequently 
with  400  c.c.  of  hydrochloric  acid.  The  precipitated  ammonium  phosphatomolybdate, 
washed  free  from  chloride,  was  dissolved  in  a soln.  of  200  grms.  of  sodium  hydroxide  in  a 
small  quantity  of  water,  the  liquid  evaporated  to  dryness,  and  the  residue  heated  to  expel 
the  residual  ammonia.  The  salt  was  then  crystallized  from  water,  the  final  yield  being 
115—120  per  cent,  of  the  molybdic  acid  taken.  The  proportions  of  water  of  crystallization 
and  of  sodium  present  vary  in  different  preparations. 

L.  F.  Svanberg  and  H.  Struve  reported  potassium  phosphatodecamolybdate, 

3K2O.P2O5.2OM0O3.3H2O,  to  be  formed  by  boiling  the  ammonium  salt  with 
potassium  hydroxide  so  long  as  ammonia  is  given  off,  mixing  the  colourless  soln. 
with  nitric  acid,  and  washing  the  precipitate  with  water  acidulated  with  nitric  acid. 
H.  Debray  obtained  it  by  adding  phosphatodecamolybdic  acid  to  a soln.  of  a 
potassium  salt — a precipitate  is  formed  if  only  0-002  part  of  potassium  be  present. 
The  yellow,  four-sided  prisms  lose  water  when  heated,  and  melt  at  dull  redness. 
L.  F.  Svanberg  and  H.  Struve  said  that  the  salt  is  insoluble  in  water,  and  H.  Debray 
added  that  it  is  easily  soluble  in  alkali-lye.  F.  Ephraim  and  H.  Herschfinkel 
prepared  rubidium  phosphatodecamolybdate,  3Rb2O.P2O5.20MoO3.12H2O,  as  a 
yellow  crystalline  powder,  from  a soln.  of  200  c.c.  of  rubidium  carbonate  (with 
10-94  grms.  Rb20)  and  8-46  grms.  of  molybdenum  trioxide,  and  0845  grm.  of  P205 
in  25  c.c.  of  water,  and  dropping  in  50  c.c.  of  nitric  acid  of  sp.  gr.  1-20.  H.  Debray 
said  that  microscopic  crystals  of  silver  phosphatodecamolybdate,  7Ag20.P205. 
20MoO3.24H2O,«are  precipitated  by  the  phosphatodecamolybdic  acid  from  a soln. 
of  silver  nitrate  ; and  if  a nitric  acid  soln.  of  this  salt  be  evaporated,  yellow  crystals 
of  2Ag2O.P2O5.20MoO3.7H2O  are  formed.  Similarly,  he  obtained  thallous 
phosphatodecamolybdate,  by  adding  an  acid  soln.  of  a thallous  salt  to  the  phosphato- 
decamolybdic acid. 

F.  Kehrmann  prepared  phosphatoenneamolybdic  acid,  P2O5.l8MoO3.mH2O, 
or  H12[P202(Mo207)9].wH20,  by  treating  a warm  soln.  of  the  potassium  salt,  in 
a small  proportion  of  water  and  sulphuric  acid,  with  five  times  its  vol.  of  alcohol. 
An  equal  vol.  of  ether  was  then  added  to  the  soln.,  and  after  allowing  the  liquid 
to  stand  in  a freezing  mixture  for  some  time,  evaporating  it  over  sulphuric  acid. 
It  was  also  obtained  by  treating  yellow  hydrated  molybdenum  trioxide  with 
boiling  phosphoric  acid,  when  the  dodeca-acid  first  precipitates ; after  the  product 
has  stood  some  weeks  it  becomes  liquid,  and  when  this  is  allowed  to  crystallize, 
the  ennea-acid  separates  out.  The  acid  was  also  prepared  by  G.  Pohl,  and  F.  Elias. 
The  ennea-acid  appears  to  be  a hydrolysis  product  of  the  dodeca-acid,  for  A.  Rosen- 
heim, and  A.  Miolati  found  that  if  an  aq.  soln.  of  the  dodeca-acid  is  allowed  to 
stand  for  some  weeks,  it  gradually  loses  its  power  to  give  a precipitate 
with  ammonium  chloride  and  it  has  then  passed  into  the  ennea-acid.  The  change 
is  accelerated  by  adding  a small  proportion  of  phosphoric  acid  to  the  soln. 
E.  Drechsel  obtained  it  by  extracting  the  soln.  in  dil.  hydrochloric  acid  by  means 
of  ether,  and  the  aq.  ethereal  soln.  evaporated.  Phosphatoenneamolybdic  acid 
furnishes  orange-red,  hygroscopic  prisms,  and,  in  allusion  to  the  colour — luteus, 
yellow — it  is  also  called  luteophosphomolybdic  acid.  The  acid  is  freely  soluble  in 
water  in  any  proportions.  It  effloresces  over  sulphuric  acid,  and  it  then  rapidly 
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dissolves  in  water  without  undergoing  any  chemical  change.  The  acid  is  quanti- 
tatively precipitated  as  the  potassium  salt  by  the  addition  of  potassium  chloride. 
The  orange-yellow  crystals  are  probably  those  of  the  telracosi-hydrate,  although 
the  analyses  show  between  24  and  30H2O.  If  the  orange-yellow  prisms  be  kept 
under  the  mother-liquid  at  0°  for  some  time,  yellow  crystals  of  the  tetratriconti- 
hydrate  are  formed.  According  to  A.  Rosenheim  and  A.  Traube,  the  progressive 
neutralization  of  the  ennea-acid  by  alkali  shows  that  its  basicity  is  more  than  six. 
The  electrical  conductivity  of  the  sodium  salt,  and  the  composition  of  the  phosphato- 
enneamolybdates  agree  with  the  assumption  that  the  anion  is  either  decabasic, 
[P(0H)(Mo207)4-Mo207-P(0H)(Mo207)4],  or  else  dodecabasic : [PO(Mo207)4- 

Mo207-PO(Mo207)4]  or  [P(0H)2(Mo207)4-Mo207-P(0H)2(Mo207)4].  A.  Rosenheim 
and  A.  Traube  found  the  eq.  conductivity,  A mhos,  of  a soln.  of  one-twelfth  of  a 
mol  of  the  acid  in  v litres  at  25°,  to  be : 

v . . 32  64  128  256  512  1024 

A . . 197-9  210-0  218-0  226-6  236-9  248-8 

The  following  are  some  reactions  of  soln.  of  the  ennea-acid  with  soln.  of  metallic 
salts,  etc.  recorded  by  F.  Kehrmann  and  E.  Rohm  : There  is  no  precipitation  with 
sodium  chloride  owing  to  the  solubility  of  the  sodium  salt ; similarly  also  with 
ammonium  chloride , but  the  ammonium  salt  can  be  salted  out  from  the  soln.  by 
ammonium  chloride ; potassium  chloride  gives  no  precipitate,  but  the  soluble 
potassium  salt  can  be  salted  out  by  potassium  chloride  ; barium  chloride  gives 
no  precipitate  since  the  barium  salt  is  so  soluble  ; similar  remarks  apply  to  mercuric 
chloride,  the  sulphates  of  copper,  zinc,  and  cadmium,  and  to  lead  nitrate — the  soln. 
with  the  latter  salt  soon  decomposes  with  the  separation  of  a white  powder ; 
silver  nitrate  gives  a yellow,  flocculent  precipitate  soluble  in  water,  but  insoluble 
in  a dil.  soln.  of  silver  nitrate ; mercurous  nitrate  gives  a yellow,  pulverulent 
precipitate  very  sparingly  soluble  in  cold  water  but  rather  more  soluble  in  hot 
water  ; thallous  sulphate  gives  a dark  yellow,  crystalline  precipitate,  appreciably 
soluble  in  hot  water ; stannous  chloride  gives  no  precipitate  but  a blue  reduction 
product  is  formed  in  soln. ; similarly  with  antimonous  chloride  ; stannic  chloride 
gives  no  perceptible  change  ; methylamine,  and  dimethylamine  give  no  precipitates ; 
pyridine,  and  quinoline  give  yellow  flocculent  precipitates  almost  insoluble  in  cold 
or  boiling  water ; aniline,  and  p-toluidine  give  yellow  oily  drops  with  fairly  cone, 
soln.,  and  these  soon  form  scaly  crystals,  and  a blue  reduction  product ; and 
fi-naphtliylamine  gives  a yellow,  oily  precipitate  which,  when  warm,  soon  forms  a 
crystalline  powder. 

F.  Kehrmann  and  E.  Bohm  treated  barium  phosphatododecamolybdate  with 
dil.  sulphuric  acid,  and  saturated  the  filtered  soln.  with  solid  ammonium 
chloride ; orange,  prismatic  crystals  of  ammonium  phosphatoenneamolybdate, 
(NH4)6H6[P202(Mo207)9].llH26,  were  formed.  The  aq.  soln.  can  be  kept  days 
in  the  cold,  but  when  heated,  ammonium  phosphatodecamolybdate  is  precipitated. 
E.  Ephraim  and  M.  Brand  obtained  orange  pyramidal  crystals  of  lithium  phosphato- 
enneamolybdate, Li6H6[P202(Mo207)9].24H20,  which  lose  18  mols.  of  water  at 
100°,  and  the  remainder  at  a red-heat ; the  salt  is  soluble  in  cold  water.  F.  Elias 
also  obtained  a similar  salt  from  a soln.  of  lithium  carbonate  and  molybdic  acid 
mixed  with  phosphoric  acid.  C.  Friedheim  reported  prismatic  crystals  of  sodium 
phosphatoenneamolybdate,  3Na20.P205.18Mo03.25  or  26H20,  from  a soln.  of 
sodium  phosphate  and  molybdic  acid.  F.  Kehrmann  and  E.  Bohm  prepared 
potassium  phosphatoenneamolybdate,  3K2O.P2O5.I8M0O3.14H0O,  by  adding 
potassium  chloride  to  the  corresponding  ammonium  salt.  The  orange-red, 
prismatic  crystals  are  more  stable  than  the  ammonium  salt.  The  salt  is  sparingly 
soluble  in  cold  water,  but  more  soluble  in  hot  water.  L.  Duparc  and  F.  Pearce 
gave  for  the  axial  ratios  of  the  triclinic  crystals  a : b : c =0-5938  : 1 : 0-6479,  and 
a=60°  50',  /?=114°  22',  and  y=115°  26'.  F.  Elias  represented  the  salt  as  con- 
taining 11H2Q  and  also  15H20.  F.  Ephraim  and  H.  Herschfinkel  boiled  a soln. 
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of  rubidium  phosphatodecamolybdate  with  rubidium  carbonate,  evaporated  the 
filtered  soln.,  and  obtained  rubidium  phosphatoenneamolybdate,  6Rb20.P205. 
18Mo03.10H20.  F.  Kehrmann  and  E.  Bohm  observed  that  presumably  copper 
phosphatoenneamolybdate  is  precipitated  by  copper  sulphate  from  a soln.  of  the 
acid.  The  precipitate  is  soluble  in  water : by  using  mercurous  nitrate,  they  obtained 
mercurous  phosphatoenneamolybdate  ; and  with  mercuric  chloride,  mercuric 
phosphatoenneamolybdate,  3HgO . P205. 1 8Mo03 . 

A.  Arnfeld  treated  the  mother-liquor  obtained  in  the  preparation  of  manganous 
phosphatododecamolybdate  with  potassium'  chloride,  and  allowed  the  filtered 
liquid  to  crystallize.  Prismatic  crystals  of  manganese  phosphatoenneamolybdate, 
3MnO.P206.18Mo03.38H20,  were  obtained.  The  crystals  lose  19  mols.  of  water  at 
90°;  33  mols.  at  100°  ; 35  mols.  at  120°  ; and  all  the  water  is  expelled  at  150°.  The 
salt  forms  a yellow  soln.  with  water.  Attempts  to  prepare, ferric  phosphatoennea- 
molybdate were  not  successful.  A.  Arnfeld  obtained  cobalt  phosphatoennea- 
molybdate, 3Co0.P205.18Mo03.38H20,  by  allowing  the  mother-liquor  from  the 
preparation  of  the  phosphatododecamolybdate  to  stand  over  sulphuric  acid.  He 
also  obtained  nickel  phosphatoenneamolybdate,  3Ni0.P205.18Mo03.34H20,  in 
green,  triclinic  crystals  in  an  analogous  manner.  The  salt  loses  30  mols.  of  water 
at  90°  ; and  34  mols.  at  140°.  The  crystals  effloresce  in  air,  and  form  a green  soln. 
with  water. 

F.  Kehrmann  and  E.  Bohm  found  that  the  hydrolysis  of  a soln.  of  a phosphato- 
enneamolybdate furnishes  unstable  salts  of  phosphatohemiheptadecamolybdic 
acid,  2P206.34Mo03.nH20,  or  H22[P404(Mo207)17].mH20.  If  a cold,  sat.  soln. 
of  potassium  hexahydrophosphatoenneamolybdate  is  mixed  with  a soln.  of 
potassium  hydrocarbonate,  lemon-yellow  scales  of  potassium  phosphatohemi- 
heptadecamolybdate,  5K2O.P205.17Mo03.26H20,  or  K20H2[P404(Mo207)17].51H20, 
are  formed.  The  salt  slowly  decomposes  at  ordinary  temp.,  and  immediately 
on  boiling.  F.  Elias  also  prepared  3K20.P205.17Mo03.12H20.  F.  Kehrmann 
and  E.  Bohm  also  prepared  ammonium  phosphatohemiheptadecamolybdate, 
5(NH4)20.P205.17Mo03.wH20,  in  bright  yellow  nodules  by  the  action  of  ammonium 
hydrocarbonate  on  the  ammonium  phosphatoenneamolybdate  ; and  similarly  with 
sodium  phosphatohemiheptadecamolybdate,  5Na20.P205.17Mo03.wH20.  By 
treating  sodium  phosphatoenneamolybdate  with  ammonium  chloride  and 
ammonium  hydrocarbonate,  ammonium  sodium  phosphatohemiheptadecamolyb- 
date,  (NH4)16Na6[P404(Mo207)17].33H20,  is  formed ; and  similarly  with  potassium 
sodium  phosphatohemiheptamolybdate,  K16Na6[P404(Mo207)17].36H20.  By 
double  decomposition  with  silver  nitrate,  silver  phosphatohemiheptadecamolybdate, 
Ag22[P4O4(Mo2O7)17].40H2O,  is  formed,  and  similarly  with  the  guanidinium  salt, 
(CN3H6)22[P404(Mo207)17].40H20. 

O.  W.  Gibbs  reported  ammonium  phosphatoctomolybdate,  3(NH4)2O.P206.16Mo03 
14H,0,  as  a white  precipitate,  by  a process  like  that  used  for  the  phosphatohemipenta- 
molybdate  ; and  J.  Meschoirer,  5(NH4)20.P20fi.lGMo03,  by  the  action  of  25  grins,  of 
ammonium  dihydrophosphate  on  a cold,  cone.  soln.  of  105  grms.  of  ammonium  molybdate. 

J . Meschoirer  reported  white  crystals  of  ammonium  phosphatoheptamolybdalr, 
9(NH4)2O.2P205.28Mo03.8H2O,  by  the  action  of  25  grms.  of  ammonium  dihydrophosphate 
on  a hot,  cone  soln.  of  105  grms.  of  ammonium  molybdate.  F.  Ephraim  and  H.  Herschfinkel 
reported  ccesium  phosphatoheptadecamolybdate,  2Cs2O.P206.17Mo03.3H20,  as  a yellow, 
microcrystalline  powder  to  be  formed  by  the  method  employed  for  rubidium 
phosphatodecamolybdate. 

F.  Ephraim  and  M.  Brand  reported  lithium  ph osph atohexaniolybdate , 3Li20.P205. 
12Mo03.18H20,  to  be  formed  as  a lemon-yellow  microcrystalline  powder  by  treating  a 
cone.  soln.  of  the  phosphatohemipentamolybdate  with  dil.  nitric  acid.  O.  W.  Gibbs  found 
that  soln.  of  what  he  regarded  as  ammonium  phosphatohexamolybdate,  2(NH4)20.2P205. 
12Mo03.3H20,  is  dissolved  by  a soln.  of  copper  sulphate. 

O.  W.  Gibbs  found  that  what  he  regarded  as  ammonium  phosphatotetramolybdate, 
2(NH4),O.P206.8Mo03.5H20,  gave  no  precipitate  with  a soln.  of  copper  sulphate,  nor  is 
it  reduced  by  boiling  with  or  without  hydrochloric  acid.  Ammonia  gives  a green, 
flocculent  precipitate. 

F.  Ephraim  and  H.  Herschfinkel  obtained  ccesium  phosphatotrimolybdate,  3Cs2O.P2Os. 
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6Mo03.8H20,  as  a white  micro- crystalline  powder,  by  the  method  used  for  rubidium 
phosphatotetritaenneamolybdate  excepting  that  caesium  hydroxide  is  mixed  first  with  the 
phosphoric  acid,  and  the  soln.  then  sat.  with  molybdenum  trioxide.  H.  Perlbergor  obtained 
ammonium  cadmium  phosphatotriinolybdatc,  2(NH4)2O.Cd0.P206.6M'o03.8H20,  by  the 
action  of  ammonium  phosphatohemipentamolyhdate  on  cadmium  chloride. 

N.  Seligson  prepared  a complex  of  molybdic  acid  with  inositol  phosphate, 
C6H6(NH1HP01)8.6Mo03.15H20. 

H.  Debray  prepared  salts  of  phosphatohemipentamolybdic  acid,  P205.5Mo03. 
nH20,  but  added  that  the  free  acid  cannot  be  obtained  from  the  salts  because  it 
is  decomposed  into  phosphoric  acid  and  presumably  phosphatododecamolybdic 
acid.  If  a yellow  soln.  of  a phosphatomolybdate  be  treated  with  cone.  aq.  ammonia, 
hydrolysis  occurs,  the  soln.  becomes  colourless,  and  a white  phosphatohemi- 
pentamolybdate  is  formed.  A.  Miolati  and  R.  Pizzighelli,  and  C.  Priedheim 
showed  that  the  anion  is  probably  octobasic,  and,  in  the  language  of  the  co-ordina- 
tion theory,  can  be  represented  [P02(Mo04)2-Mo04-P02(Mo04)2],  or  [P204(Mo04)G]. 
According  to  C.  Friedheim,  when  less  than  two  mols  of  molybdenum  trioxide 
react  with  one  of  potassium  hydrophosphate  there  are  formed  potassium  dihydro- 
phosphatohemipentamolybdate,  K6H2[P204(Mo04)5].6H20,  and  potassium  tri- 
hydrophosphatohemipentamolybdate,  K5H3[P204(Mo04)5].4H20.  C.  F.  Rammels- 
berg  obtained  white  prisms  of  the  trihydrophosphatohemipentamolybdate  by 
adding  phosphoric  acid  to  a soln.  of  potassium  trimolybdate  in  as  small  a quantity 
as  practicable  of  potassium  hydroxide  soln.  The  rhombic  bipyramids  had  the  axial 
ratios  a : b : c=>0-9833  : 1 : 0-8209.  The  salt  loses  water  at  120°.  F.  A.  Zenker 
obtained  the  dihydrophosphohemipentamolybdate  by  evaporating  a soln.  of  phos- 
phoric acid  and  molybdenum  trioxide  in  hydrochloric  acid,  and  saturating  the  syrupy 
liquid  with  potassium  hydroxide  ; H.  Debray,  by  melting  the  ammonium  salt 
with  potassium  nitrate,  and  crystallizing  from  aq.  soln.  ; and  C.  F.  Rammelsberg, 
by  melting  a mol  of  potassium  carbonate,  2 mols  of  molybdenum  trioxide,  and 
mixing  a soln.  of  the  product  with  phosphoric  acid.  The  colourless,  rhombic 
bipyramids  have  the  axial  ratios  a c=0-7199  : 1 : 0-7151.  The  aq.  soln. 
has  an  acid  reaction,  and  gives  a precipitate  with  nitric  or  hydrochloric  acid. 
C,  Friedheim  observed  that  if  two  mols  of  molybdenum  trioxide  are  mixed  with  a 
mol  of  potassium  hydrophosphate,  the  hemiheptadecamolybdate  is  formed,  as  well 
as  potassium  tetrahydrophosphatohemipentamolybdate,  K4H4[P204(Mo04)5].4H20 
—some  phosphatodimolybdate  is  formed.  F.  A.  Zenker  reported  ammonium 
dihydrophosphatohemipentamolybdate,  (NH4)6H2[P204(Mo04)5].6H20,  to  be 
formed  by  the  spontaneous  evaporation  of  an  ammonia  soln.  of  ammonium 
phosphatodecamolybdate.  The  first  crop  of  crystals  is  ammonium  paramolybdate. 
The  next  crop  of  crystals  can  be  purified  by  crystallization  from  hot  water  and  a 
little  ammonia.  0.  W.  Gibbs,  H.  Debray,  and  A.  Werncke  prepared  it  from  a 
soln.  of  ammonium  molybdate  and  ammonium  phosphate.  H.  Perlberger,  and 
J.  Meschoirer  also  prepared  the  hexahydrate  ; and  H.  Perlberger  reported  a 
heptahydrate ; A.  Mazzucchelli  and  G.  Zangrilli  obtained  the  heptadecahydrate 
by  concentrating  a soln.  of  ammonium  hydrophosphate  in  a little  water,  mixed 
with  ammonium  molybdate,  and  hydrogen  dioxide.  F.  A.  Zenker,  and  O.  W.  Gibbs 
said  that  the  crystals  are  triclinic  prisms  which  are  stable  in  dry  air,  but  become 
opaque  in  moist  air.  The  salt  is  then  no  longer  soluble  in  water.  The  salt  is 
freely  soluble  in  hot  water,  but  less  soluble  in  cold  water.  The  aq.  soln.  has  an 
acid  reaction,  and  when  the  aq.  soln.  is  boiled  or  allowed  to  stand  exposed  to  air, 
ammonia  is  given  off,  and  a white  precipitate  is  formed.  0.  W.  Gibbs  reported 
white  or  colourless  crystals  of  ammonium  trihydrophosphatohemipentamolybdate, 
(NH4)5H3[P204(Mo04)5].2H20,  to  be  formed  by  cooling  a hot  soln.  of  molybdenum 
trioxide  in  one  of  ammonium  phosphate  ; and  also  the  tetrahydrate  by  neutralizing 
phosphoric  acid  with  ammonia,  adding  ammonium  paramolybdate  ; on  evaporation, 
there  is  formed  a gum-like  mass  which  yields  white  or  colourless  plates  easily  soluble 
in  water.  H.  Perlberger  also  prepared  the  hexahydrate.  J.  Meschoirer  also  prepared 
the  dihydrate  ; and  H.  Perlberger,  A.  Arnfeld,  and  J.  Meschoirer  reported  a 
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hemitridecahydrate,  and  H.  Perlberger,  a hexahydrate.  F.  Ephraim  and  M.  Brand 
prepared  a complex  of  a mol  of  lithium  dihydrophosphatohemipentamolybdate, 
Li6H2[P204(Mo04)5],  and  6 mols  of  lithium  phosphate  from  a soln.  of  3 mols  of 
lithium  molybdate,  2 mols  of  molybdenum  trioxide,  and  a mol  of  phosphorus 
pentoxide  in  water.  They  also  obtained  the  salt  3Li20.P205.5Mo03,  with  16  and 
17H20.  H.  Debray  prepared  sodium  dihydrophosphatohemipentamolybdate, 
Na6H2[P204(Mo04)5].13H20,  as  in  the  case  of  the  potassium  salt.  H.  Dufet  said 
that  the  crystals  are  rhombic  bipyramids  with  the  axial  ratios  a :b : c 
=0-7966  : 1 : 1-0726  ; the  (102)-cleavage  is  complete  ; the  optical  character  is 
negative.  For  Li-,  Na-,  and  Tl-light,  at  20°,  the  optic  axial  angle,  2V,  is  respectively 
51°  16',  51°  18-5',  and  51°  16' ; and  2E,  respectively,  90°  2',  90°  35',  and  90°  58', 
while  the  indices  of  refraction  are,  respectively,  a=l-5906,  1-5962,  and  1-6017  ; 
/3=l-6328, 1-6411,  and  1-6494  ; and  y=l-6420,  1-6520,  and  1-6610.  A rise  of  temp, 
of  1°  makes  the  angle  2 E about  10'  smaller.  F.  Ephraim  and  H.  Herschfinkel 
could  not  prepare  rubidium  phosphatohemipentamolybdate.  O.  W.  Gibbs  found 
that  copper  sulphate  gave  no  precipitate  with  a soln.  of  ammonium  phosphato- 
hemipentamolybdate ; H.  Perlberger  obtained  copper  phosphatohemipenta- 
molybdate, 3CUO.P2O5.5M0O3,  by  the  method  used  by  A.  Arnfeld  for  the  manganese 
and  cobalt  salts.  He  also  obtained  ammonium  copper  phosphatohemipentamolyb- 
date, 3{(NH4)2.Cu}02.P205.5Mo03.3H20,  by  mixing  aq.  soln.  of  ammonium  and 
-copper  phosphatomolybdates  ; likewise  also  by  the  addition  of  potassium  chloride, 
potassium  copper  phosphatohemipentamolybdate,  3K2O.CuO.2P2O5.10MoO3. 
18H20,  was  obtained.  H.  Debray  reported  silver  phosphatohemipentamolybdate, 
3Ag2O.P2O5.5MoO3.5H2O,  to  be  formed  by  the  action  of  alkali  hydroxide  or 
carbonate  on  silver  phosphatodecamolybdate.  The  colourless  crystals  are  soluble 
in  water.  C.  Friedheim  prepared  crystals  of  potassium  calcium  phosphato- 
hemipentamolybdate, 3K2O.2CaO.2P2O6.10MoO3.22H2O,  from  soln.  of  calcium 
chloride  and  potassium  phosphatohemidecamolybdate.  H.  Perlberger  prepared 
cadmium  phosphatohemipentamolybdate,  3Cd0.P205.5Mo03.5H20,  as  in  the  case 
of  the  copper  salt.  O.  W.  Gibbs  obtained  mercurous  phosphatohemipentamolyb- 
date by  the  action  of  mercurous  nitrate  on  the  ammonium  salt. 

A.  Arnfeld  prepared  manganese  phosphatohemipentamolybdate,  3Mn0.P205. 
5M0O3.2OH2O,  or  Mn3H2[P204(Mo04)5].19H20,  by  allowing  9 grms.  of  freshly 
precipitated  manganese  hydrophosphate  and  18  grms.  of  molybdenum  trioxide 
to  stand  in  cold  water  for  14  days.  The  filtered  liquid  is  evaporated  to  a syrupy 
consistency,  and  treated  with  alcohol.  The  yellow,  microcrystalline  powder, 
loses  16  mols  of  water  at  90°,  and  another  mol  at  100°  ; all  the  water  is  expelled 
at  150°.  The  salt  is  easily  soluble  in  water,  and  sparingly  soluble  in  alcohol. 
The  aq.  soln.  gives  a precipitate  with  ammonium  or  potassium  chloride.  If  a 
soln.  of  a mol  of  ammonium  phosphatohemipentamolybdate  is  treated  with  10  mols 
of  manganous  chloride,  and  evaporated  over  sulphuric  acid,  crystals  of  ammonium 
manganous  phosphatohemipentamolybdate,  (NH4)8MnH2[P204(Mo04)5]2.12H20, 
are  formed.  A cold  soln.  of  a mol  of  ammonium  phosphatohemipentamolyb- 
date and  a mol  of  manganous  chloride  gives  microscopic  needles  of  ammonium 
manganous  dihydrophosphatohemipentamolybdate,  (NH4)2Mn2H2[P204(Mo04)5]. 
19H20.  A soln.  of  a mol  of  potassium  phosphatohemipentamolybdate  and  10  mols  of 
manganous  chloride  gives  potassium  manganous  phosphatohemipentamolybdate, 
K6Mn2H2[P204(Mo04)5]2.29H20,  as  a yellow,  microcrystalline  powder,  Attempts 
to  prepare  ferric  phosphatohemipentamolybdate,  Fe2O3.P2O5.5MoO3.nH2O,  gave 
a product  of  variable  composition.  The  group  [P204(Mo04)5]  has  a basicity  of  8, 
and  [P204(Mo04)5]2  has  a basicity  of  12. 

A.  Arnfeld  obtained  cobaltous  phosphatohemipentamolybdate,  Co3H2[P204- 
(Mo04)5].15|  or  16|H20,  as  in  the  case  of  the  manganese  salt ; or  by  evaporating 
a dil.  soln.  of  a mol  of  phosphoric  acid,  5 mols  of  molybdenum  trioxide,  and  the 
theoretical  quantity  of  cobalt  carbonate ; or  by  the  action  of  a mol  of  cobaltous 
phosphate  on  10  mols  of  molybdenum  trioxide  suspended  in  water.  The  brownish- 
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red  crystalline  mass  is  extremely  soluble  in  water,  and  the  soln.  with  alcohol 
precipitates  an  oily  liquid  which  soon  crystallizes.  H a mol  of  ammonium 
phosphatohemipentamolybdate  be  treated  with  a soln.  of  3 mols  of  cobaltous 
chloride  in  hot  water,  ammonium  cobaltous  dihydrophosphatohemipentamolybdate, 
(NH4)2Co2H2[P204(Mo04)5].9H20,  separates  out  on  cooling  as  a brick-red,  micro- 
crystalline  precipitate  which  is  decomposed  by  water.  A soln.  containing  a mol  of 
ammonium  phosphatohemipentamolybdate  and  10  mols  of  cobaltous  chloride 
furnishes  rose-coloured  crystals  of  ammonium  cobaltous  phosphatohemipenta- 
molybdate, (NH4)8CoH2[P204(Mo04)5]2.11H20,  when  evaporated  over  sulphuric 
acid.  The  salt  is  sparingly  soluble  in  cold  water.  The  corresponding  potassium  salts 
—potassium  cobaltous  dihydrophosphatohemipentamolybdate,  K2Co2H2[P204- 
(Mo04)5].14H20,  and  potassium  cobaltous  phosphatohemipentamolybdate, 
K8CoH2[P204(Mo04)5]2.11H2(> — were  obtained  by  analogous  processes. 

A.  Arnfeld  prepared  nickel  phosphatohemipentamolybdate,  Ni3H2[P204(Mo04)5]. 
19H20,  by  boiling  a mol  of  freshly -prepared  nickel  phosphate,  and  5 mols  of  molyb- 
denum trioxide  with  water,  evaporating  the  green  soln.  to  a syrupy  consistency, 
and  adding  alcohol.  The  oily  liquid  crystallizes  over  phosphorus  pentoxide. 
The  green  needles  are  decomposed  by  cold  water.  Green  crystals  of  ammonium 
nickel  dihydrophosphatohemipentamolybdate,  (NH4)6Ni2H2[P2O4(MoO4)5].0H2O, 
and  of  ammonium  nickel  phosphatohemipentamolybdate,  (NH4)8NiH2[P204- 
(Mo04)5]2.11H20,  as  well  as  of  potassium  nickel  dihydrophosphatohemipenta- 
molybdate,  K2Ni2H2[P204(Mo04)5].12H20,  and  potassium  nickel  phosphatohemi- 
pentamolybdate, K8NiH2[P204(Mo04)5]2.llH20,  were  obtained  as  in  the  case  of 
the  corresponding  cobaltous  salts. 

F.  Ephraim  and  H.  Hersclifinkel  reported  rubidium  phosphatotetritaenneamolybdate, 
5Rb  20 .2P  20  6.9MoOs.  1 3H  20,  as  a white,  crystalline  powder,  from  a soln.  of  a mol  of 
rubidium  carbonate  and  0-5  mol  of  phosphorus  pentoxide  boiled  with  a mol  of  molybdenum 
trioxido.  The  filtered  soln.  is  concentrated  by  evaporation  and  allowed  to  stand  for 
crystallization.  H.  Perlberger  prepared  ammonium  cadmium  phosphatotetritaennea- 
molybdate,  3(NH4)20.2Ccl0.2P206.9Mo03.14H20,  by  the  action  of  cadmium  chloride  on  a 
soln.  of  the  pentammonium  phosphatohemipentamolybdate. 

O.  W.  Gibbs  reported  barium  phosphatoliexitcUetradecamolybdale,  4BaO.3P206.14Mo03. 
55H20,  from  a soln.  of  barium  hexametaphosphate  in  ammonium  heptamolybdato.  If 
the  soln.  be  treated  with  mercurous  nitrate,  a mercury  salt  is  obtained. 

O.  W.  Gibbs  also  reported  ammonium  stannic  phosphalohexitetradecamolybdale,  3(NH4)20. 
4Sn02.3P206.14MoO3.28H20,  to  be  obtained  as  a yellow,  crystalline  precipitate  by  the 
action  of  ammonium  chlorostannate  on  a soln.  of  an  alkali  phosphatomolybdate.  The 
product  is  almost  insoluble  in  boiling  water. 

C.  Friedheim  prepared  the  potassium  salt  of  phosphatodimolybdic  acid, 
H3[P02(Mo04)2].wH20.  By  the  interaction  of  a mol  of  potassium  hydrophosphate 
and  2 mols  of  molybdenum  trioxide,  there  are  formed  hemipentamolybdates  and 
potassium  hydrophosphatodimolybdate,  K2H[P02(Mo04)2].3|H20.  C.  Friedheim, 
and  A.  Mazzucchelli  and  G.  Zangrilli  also  prepared  ammonium  hydrophosphatodi- 
molybdate, (NH4)2H[P02(Mo04)2].2H20,  and  the  hemipentahydrate.  F.  Ephraim 
and  M.  Brand  reported  lithium  phosphatodimolybdate,5Li2O(P2O5.4MoO3)2.28H20, 
to  be  formed  in  white  needles,  from  a boiling  soln.  of  25  grms.  of  lithium  phosphate 
and  77  grms.  of  molybdic  acid.  The  salt  loses  16  mols.  of  water  at  100°,  18  mols. 
at  120°,  23  mols.  at  145°,  and  the  remainder  at  a red-heat.  H.  Perlberger  obtained 
copper  phosphatodimolybdate,  2CuO.P205.4Mo03.19  or  20H20,  by  the  action  of 
a soln.  of  molybdic  acid  and  copper  oxide  on  phosphoric  acid.  A.  Axnfeld  prepared 
cobalt  hydrophosphatodimolybdate,  CoH[P02(Mo04)2].wH20,  as  a brown 
amorphous  precipitate,  by  heating  in  a sealed  tube  a mixture  of  a mol  of  ammonium 
phosphatohemipentamolybdate,  3 mols  of  cobaltous  chloride  and  25  c.c.  of 
water,  and  likewise  also  a green  precipitate  of  nickel  hydrophosphatodimolybdate, 
NiH|  P02(Mo04)2J.wH20. 

C.  Friedheim  obtained  the  potassium  salt  of  phosphatomolybdic  acid, 
H3[ P03(Mo04)].«H20,  namely  potassium  phosphatomolybdate,  KH2|P03(Mo04)]. 
11II20,  from  a soln"  of  a mol  of  potassium  dihydrophosphatomolybdate,  and  a mol 
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of  molybdenum  trioxide.  The  salt  may  be  constituted  (HO)2-PO-KMo04. 
J.  Meschoirer  also  obtained  ammonium  dihydrophosphatomolybdate,  (NH4)H2- 
[P03(Mo04)]. 

F.  Ephraim  and  H.  Herschfinkel  found  that  the  evaporation  of  t]ie  mother-liquid 
obtained  in  the  preparation  of  rubidium  phosphatotetritaenneamolybdate  furnishes 
rubidium  phosphatohexitadecamolybdate,  7Rb2O.3P2O6.10MoO3.15£H2O. 

M.  Seligsohn  reported  ammonium  lead  phosphatopentadecamolybdate,  3(NH4)2O.30PbO. 
P2O6.30MoO3,  to  be  formed  by  boiling  the  lead  phosphate  with  an  excess  of  a soln.  of 
lead  acetate.  It  is  a white  powder.  W.  Bodenbinder  reported  a calcium  lead  phosphato- 
molybdate  to  occur  in  plates,  resembling  wulfenite,  in  the  plumbocalcite  of  San  Luis, 
Argentine.  Its  sp.  gr.  is  over  7. 

O.  W.  Gibbs  obtained  orange-yellow  crystals  of  platinum  phosphatomolybdate  by  dis- 
solving platinic  hydroxide  in  a boiling  soln.  of  sodium  phosphatododeeamolybdate  and 
evaporating  the  filtered  liquid. 

Owing  to  the  ready  hydrolysis  of  pyrophosphoric  acid  in  aq.  soln.  to  form 
orthophosphoric  acid,  it  is  not  possible  to  obtain  ammonium  and  potassium  pyro- 
phosphates of  a high  degree  of  purity  in  aq.  soln.  A.  Rosenheim  and  T.  Triantaphyl- 
lides  prepared  sodium  molybdic  pyrophosphate,  Na(MoP207).12H20,  in  brown 
prisms,  by  adding  a soln.  of  tripotassium  molybdic  hexachloride  to  a soln.  of 
sodium  pyrophosphate  at  80°  to  90°.  A.  Rosenheim  and  M.  Schapiro  tried  to 
prepare  potassium  and  ammonium  pyrophosphatomolybdates  by  the  use  of  pyro- 
phosphates instead  of  the  orthophosphates,  but  the  results  were  unsatisfactory. 
The  products  were  probably  mixtures  of  ordinary  phosphatododecamolybdates 
with  the  pyrophosphatomolybdates.  By  heating  a soln.  of  12  mols  of  lithium 
molybdate,  and  adding  a mol  of  lithium  pyrophosphate,  a pale  yellow,  micro- 
crystalline precipitate  of  lithium  pyrophosphatododecamolybdate,  2Li20.P205. 
12Mo03.17H20,  is  produced.  The  salt  forms  a yellow  soln.  with  water,  and  the 
soln.  is  decolorized  by  mineral  acids  owing  to  the  hydrolysis  of  the  pyrophosphate. 
A.  Rosenheim  and  M.  Schapiro  added  that  es  ist  nicht  unwahrschcAnliek  that  the 
compound  is  the  same  as  F.  Ephraim  and  M.  Brand’s  3Li20.P205.12Mo03.18H20. 
A boiling  soln.  of  12  mols  of  normal  sodium  molybdate  and  a mol  of  sodium  pyro- 
phosphate with  24  mols  of  hydrochloric  acid,  when  cooled  deposits  pale  yellow, 
microscopic  plates  of  sodium  pyrophosphatododecamolybdate,  2Na20.P205. 
12Mo03.26H20.  The  yellow',  aq.  soln.  becomes  colourless  in  the  presence  of 
hydrochloric  acid  ow'ing  to  the  hydrolysis  of  the  pyrophosphate  to  orthophosphate. 

According  to  O.  W.  Gibbs,  if  the  orange  precipitate  which  ammonia  produces  in 
a soln.  of  sodium  gold  pyrophosphate  be  boiled  with  a soln.  of  ’ammonium  molybdate, 
pale  yellow  ammonium  gold  amminophosphatomolybdate,  24NH3.12Au203.7P206.3Mo03. 
21H20,  is  formed.  It  explodes  when  heated.  A dark  orange-red,  crystalline  precipitate 
is  produced  when  a soln.  of  sodium  gold  chloride  is  treated  with  sodium  pyrophosphato- 
molybdate  ; and  if  the  precipitate  be  boiled  with  a soln.  of  ammonium  molybdate, 
orange-red  crystals  of  sodium  gold  amminophosphatomolybdate,  Na20.5Au203.15NH3. 
2P205.11Mo03.10H20,  are  formed.  The  salt  explodes  when  heated  ; itformsa  turbidliquid 
with  hot  water  ; and  dissolves  in  hot  hydrochloric  acid.  A soln.  of  sodium  gold  pyro- 
phosphate, AuNaP207,  boiled  with  ammonium  molybdate  gave  a buff  precipitate  of 
ammonium  sodium  gold  pyrophosphatohemihenamolybdate,  15(NH4)20.Na20.6Au203.4P206. 
22Mo03.5H20.  It  does  not  explode  when  heated. 

O.  W.  Gibbs  described  ammonium  manganous  pyrophosphatomolybdate , 5(NH,)20. 
10Mn0.2P205.20Mo03.10H20,  as  a reddish- yellow,  sparingly  soluble  precipitate,  formed 
by  digesting  manganous  pyrophosphate  for  some  time  with  a cone.  soln.  of  ammonium 
paramolybdate.  Likewise  also  sodium  manganous  pyrophosphatomolybdate,  9Na20.7MnO. 
2P205.22Mo03.57H20,  by  the  action  of  manganous  chloride  on  % boiling  soln.  of  sodium 
pyrophosphate  and  molybdenum  trioxide.  The  pale  red,  amorphous  precipitate  becomes 
crystalline  when  allowed  to  stand  under  its  mother-liquor.  When  crystallized  from  hot 
water,  it  forms  sulphur-yellow  crystals.  It  is  sparingly  soluble  in  cold  water,  and  fairly 
soluble  in  hot  water. 

G.  Deniges  3 obtained  sapphire-blue,  hexagonal  plates  of  a molybdosic  phos- 
phate, [4Mo03.Mo02]2H3P04.4H20,  from  a soln.  of  sodium  molybdate  and  sodium 
hydrophosphate.  A.  Verda  said  that  the  product  is  obtained  only  when  tin  or 
aluminium  is  present,  and  that  the  blue  product  is  soluble  in  ether. 
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CHAPTER  LXII 


TUNGSTEN 

§ 1.  The  History  of  Tungsten 

The  history  of  tungsten  is  closely  associated  with  a mineral  which  was  thought 
to  contain  tin,  presumably  because  of  its  density.  Thus,  J.  G.  Wallerius 1 called  the 
mineral  from  Bohemia  lapides  stanniferi  spathacei ; C.  von  Linnaeus,  stannum 
spathosum  subdiaphanum  album;  .and  A.  F.  Cronstedt, yerrum  calciforme,  terra  quadam 
'incognita  intime  mixtum.  In  Sweden,  the  mineral  was  called  tungsten — from  the 
Swedish  tung,  heavy  or  ponderous ; and  sten,  stone — and  A.  G.  Werner  called  it 
Schwerstein. 

G.  Agricola  also  referred  to  another  brownish-black  mineral  which  he  called 
lupi  spuma,  or  lapis  niger  ex  quo  conjlatur  candidum  plumbum  (tin)  ; J.  G.  Wallerius 
called  it  volfram,  and  regarded  it  as  ferrum  arsenico  mineralisatum ; while 
A.  F.  Cronstedt  called  it  ivolfram,  and  added  that  it  contains  magnesia  (i.e.  Mn) 
parva  cum  portione  martis  et  jovis  mixta.  It  was  also  called  lupis  jovis  in  allusion 
to  its  weight.  R.  J.  Haiiy  called  the  mineral  scheelin  ferrugine  ; and  A.  Breithaupt, 
wolframite,  the  name  which  it  now  bears.  This  mineral  was  described  by  L.  Ercker, 
P.  Albinus,  A.  von  Schonberg,  B.  Rossler,  J.  A.  Cramer,  J.  F.  Henckel,  S.  Rinman, 
etc.  G.  Agricola  suggested  that  the  term  wolfram  comes  from  the  German  word 
“ wolf,”  and  “ ram  ” or  rahm ■ froth  ; hence  his  Latin  term  lupi  spuma  for  wolfram. 
Others  deny  this  derivation  and  say  that  the  term  is  of  unknown  origin.  According 
to  A.  Gurlt,  and  W.  Pryce,  the  tin  miners  of  Saxony  and  Bohemia  called  it  wolf, 
wolfart,  wolfort,,  wolfrig,  and  wolffert  (A.  von  Schonberg),  i.e.  the  wolfish  or  devouring 
ore,  in  allusion — as  stated  by  A.  Rossing,  and  others — to  the  low  yield  of  tin  obtained 
from  tin  ores  associated  with  this  mineral.  The  ore  was  also  called  woolfram 
(J.  A.  Cramer),  and  wolferam  (L.  Ercker).  Lupus,  or  wolf,  was  one  of  the  alchemist’s 
terms  for  antimony  ( q.v .)  ; and  G.  Agricola’s  term  lupus  spuma  is  now"  understood 
to  mean  that  the  mineral  was  mistaken  for  an  antimony  ore.  The  spuma  is  pro- 
bably an  allusion  to  the  scum  formed  when,  say,  gold  is  purified  by  melting  it  with 
antimony.  According  to  T.  Blair,  the  termination  ram  has  a similar  signification 
to  that  of  spuma — a term  applied  by  the  Germans  to  substances  with  a laminated 
structure.  I.  Koppel  discussed  the  history  of  tungsten.  The  tin  miners  of  Corn- 
wall regarded  it  as  an  obnoxious  ore  because  “ it  eats  up  tin  as  a wolf  eats  up  sheep,” 
and  they  named  it  cal  or  call  or  mock-lead.  W.  Pryce  said  : 

In  Cornwall,  after  the  tin  is  separated  from  all  other  impurities,  there  remains  a quantity 
of  this  mineral  substance,  cal,  which,  being  of  equal  gravity,  cannot  be  separated  from  the 
tin  ore  by  water  ; therefore  this  reduces  its  value  down  to  eight  or  nine  parts  of  metal  for 
twenty  of  mineral. 

J.  F.  Henckel  said  that  wolfram  is  an  arsenical  and  ferruginous  ore  of  tin. 
J.  G.  Wallerius,  and  A.  Cronstedt  regarded  it  as  a kind  of  manganese  ore  containing 
tin  and  iron  ; J.  H.  G.  von  Justi,  an  ore  containing  iron,  arsenic,  tin,  and  an  earth 
which  is  not  metallic — and,  added  J.  W.  Baumer,  sulphur  and  calcareous  earth  ; 
G.  A.  Scopoli,  an  ore  of  tin  yielding  28  lbs.  per  hundredweight ; B.  G.  Sage,  a 
VOL.  xx.  673  2 x 
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combination  of  iron  and  basalt ; and  J.  G.  Lehmann,  a verifiable  or  glassy 
earth  containing  iron  and  a small  proportion  of  tin.  J.  G.  Kaim  supposed  wolfram 
to  contain  a semi-metal ; but  the  regulus  he  described  is  unlike  that  which  is  now 
known  to  be  derived  from  that  ore. 

In  1781,  C.  W.  Scheele,  in  his  memoir  : Tungstens  bestands-delar , showed  that 
tungsten  ore  (scheelite)  is  a compound  of  lime  with  a peculiar  acid.  He  fused  the 
ore  with  potassium  carbonate,  dissolved  the  mass  in  water,  and  added  nitric  acid. 
The  white  precipitate  was  washed  and  dried.  He  then  showed  that  the  product 
is  the  acid  of  tungsten — a metallic  acid  in  which  the  metal  is  reduced  by  phlogiston 
to  a metallic  calx.  He  demonstrated  the  other  component  of  the  ore  to  be  lime. 
Hence,  the  mineral  is  a calcium  tungstate.  D.  L.  G.  Karsten  then  called  the 
mineral  scheelerz  ; R.  J.  Haiiy,  scheelin  calcaire  ; A.  Breithaupt,  scheelspath  ; and 
C C.  Leonhard,  scheelite,  the  name  which  the  mineral  now  bears. 

T.  Bergman  said  that  the  acid  of  tungsten  in  lapis  ponderosus  is  the  calx  of  a 
metal  which  has  a high  sp.  gr.  ; it  is  precipitated  by  potassium  ferrocyanide,  and 
colours  glass.  J.  J.  and  F.  de  Elhuyar,  in  their  Analisis  quimico  del  volfram  y ex- 
amen  de  un  nuovo  metal  que  entra  en  su  composicion  (Bascongada,  1783),  showed  that 
the  mineral  wolfram  contains  the  same  acid  as  tungsten  ore,  but  in  wolfram,  the 
acid  is  associated  with  iron  and  manganese  instead  of  lime.  These  chemists  obtained 
the  metal  by  reducing  the  oxide  with  carbon  ; and  they  described  alloys  of  tungsten 
with  gold,  silver,  lead,  and  iron.  The  question  has  been  raised  : Were  the  Spanish 
chemists  the  first  to  isolate  the  metal  ? Actually  one  at  least  of  the  brothers 
de  Elhuyar  worked  under  the  direction  of  C.  W.  Scheele,  and  T.  Bergman  for  some 
years,  and,  in  their  memoir,  the  two  brothers — perhaps  modestly — made  no  claim 
to  having  been  the  discoverers  of  the  metal — because,  according  to  J.  J.  Runner 
and  M.  L.  Hartmann,  C.  W.  Scheele  had  probably  already  prepared  the  metal. 
S.  Rinman  definitely  ascribed  the  discovery  of  the  metal  to  C.  W.  Scheele,  and  stated 
that  its  alloy  with  iron  was  prepared  by  J.  J.  and  F.  de  Elhuyar.  In  spite  of  these 
and  similar  statements,  the  fact  remains  that  the  first  published  account  of  the 
isolation  of  the  element  is  that  of  the  Spaniards,  J.  J.  and  F.  de  Elhuyar.  In  1785, 
R.  E.  Raspe  referred  to  a Cornish  mineral,  which,  when  treated  with  a soln.  of 
stannous  chloride  gave  a blue  coloration  ; and  he  added  that  he  succeeded  in  obtain- 
ing from  it  a regulus  in  the  proportion  of  36-5  to  37-3  per  cent.  This  regulus  was 
said  “ to  contain  very  little  iron  ; to  be  most  refractory  in  the  fire  ; and  to  cut  glass 
like  the  most  highly  tempered  steel.  It  will  therefore  perhaps  be  useful  in  harden- 
ing iron  and  steel  for  some  classes  of  work.”  The  name  J.  J.  and  F.  de  Elhuyar, 
by  the  way,  appears  in  literature  spelt  in  many  ways.  According  to  R.  A.  Hadfield, 
on  the  authority  of  the  Royal  Library,  Madrid,  the  spelling  is  “ de  Elhuyar,”  not 
d’Elhujar,  etc.  J.  J.  and  F.  de  Elhuyar  called  the  elemental  metal  wolfram  or 
tungsten.  The  metal  came  to  be  called  scheelium,  and  J.  J.  Berzelius  suggested 
woljramium  because  “ C.  W.  Scheele  had  already  immortalized  his  name  by  other 
great  discoveries  to  such  an  extent  as  to  preclude  the  necessity  of  its  being  handed 
down  to  posterity  by  the  denomination  of  a substance.”  The  term  wolfram  is 
used  for  the  metal  in  Germany  ; tungsten  in  England  ; and  tungstene  in  France. 
The  symbol  W is  in  fairly  general  use,  although  in  France  and  Italy  Tu  is  sometimes 
employed.  E.  Moles  2 argued  in  favour  of  the  term  wolfram.  The  metal  was  also 
prepared  by  reducing  the  oxide  by  carbon  by  A.  Ruprecht,  L.  N.  Vauquelin  and 
L.  Hecht,  W.  Allen  and  A.  Aiken,  €.  F.  Bucholz,  and  J.  J.  Berzelius. 

M.  Gerber  3 stated  that  tungsten  is  not  a simple  substance  but  is  accompanied  by  another 
element  to  which  he  gave  the  name  neotungsten,  and  the  latter  is  estimated  to  have  the  at. 
wt.  188.  He  said  that  soluble  metatungstic  acid  furnishes  ammonium  isotungstate, 
described  by  A.  Laurent.  In  the  isotungstic  acid  prepared  from  this  salt,  the  metal  had 
an  at.  wt.  ranging  from  186-5  to  187 — ordinary  tungsten  has  the  at.  wt.  184.  It  ;s  assumed 
that  the  isotungstic  acid  contained  neotungsten.  These  statements  have  not  been  con- 
firmed— vide  neomolybdenum — P.  Barbe  could  find  no  evidence  of  the  existence  of 
isotungstates,  and  never  obtained  a specimen  with  a mol.  wt.  higher  than  usual.  He  said 
that  the  ammonium  isotungstate  of  M.  Gerber  was  ammonium  sodium  tungstate. 
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There  are  a few  books,  monographs,  and  memoirs  on  the  general  properties,  etc., 
of  tungsten — e.(j. 

J.  J.  Runner  and  M.  L.  Hartmann,  The  Occurrence,  Che  mi  airy.  Metallurgy,  and  Uses 
of  Tungsten,  Rapid  City,  1918  ; M.  L.  Hartmann,  A Bibliography  of  Tungsten,  Rapid  City, 
1918  ; Pahasapa  Quart.,  5.  2,  1910  ; A.  Joly,  Tungstene,  Paris,  1888  ; P.  Truchot,  lies 
terres  rares,  Paris,  1904  ; J.  C.  Escard,  Les  metaux  sp&ciaux,  Paris,  1910  ; C.  Baskerville, 
Eng.  Min.  Journ.,  87,  203,  1909;  Met.  Chem.  Engg.,  11.  319,  1913;  J.  Castner,  Stahl 
Eisen,  16.  517,  1896  ; J.  Ohly,  The  Rare  Metals,  London,  1905  ; H.  Dickinson,  Min.  Science, 
57.  123,  1908  ; H.  F.  Baumhauser,  Bayer.  Ind.  Gewerbebl.,  141,  1912  ; L’lnduslria,  26. 
414,  1912  ; Ind.  Chim.,  12.  343,  1912  ; A.  Haenig,  Oesterr.  Zeit.  Berg.  IliUt.,  56.  177,  1908  ; 
E.  C.  Reibe,  Min.  World,  26.  565,  1907  ; A.  B.  Frenzel,  Min.  Science,  65.  73,  1912; 
O.  J.  Steinhart,  Min.  Scienl.  Press.,  109.  64,  1914  ; H.  Fleck,  Addresses  on  the  Rare  Metals, 
New  York,  1915;  A.  C.  Rubel,  Bull.  Arizona  State  Bur.  Mines,  11,  1916;  H.  W.  Hutchins, 
Min.  Mag.,  17.  39,  85,  1917  ; C.  J.  Smithells,  Tungsten,  London,  1926  ; H.  Leiser,  Wolfram, 
Halle  a.  S.,  1910  ; Chem.  Ztg.,  35.  665,  1911  ; H.  Mennicko,  Die  Metallurgie  des  Wolframs, 
Berlin,  1911;  N.  Branoie,  (Horn.  Bibliogr.  Tech.  Internal.,  1.  3,  1925;  J.  L.  F.  Vogel, 
Chem.  Age,  3.  306,  1920  ; L.  Moser,  Oesterr.  Chem.  Ztg.,  26.  67,  1923  ; C.  Matignon,  Chim. 
Ind.,  3.  277,  1920;  G.  Aichino,  II  Tungsteno,  Tunis,  1916;  P.  Nicolardot,  Rev.  Mel.,  5. 
9,  1908. 
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§ 2.  The  Occurrence  of  Tungsten 

Tungsten  does  not  occur  in  the  elemental  form  in  nature.  Its  compounds  are 
among  the  scarcer  constituents  of  the  earth's  crust.  According  to  F.  W.  Clarke 
and  H.  S.  Washington,1  the  average  proportion  of  tungsten  in  the  igneous  rocks 
of  the  earth’s  crust  is  5 X 10~5  per  cent.  J.  H.  L.  Vogt  estimated  n x 10-8  per  cent. 
W.  Vernadsky  gave  0-000048  for  the  percentage  amount,  and  0-0005  for  the  atomic 
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proportion.  W.  and  J.  Noddack  and  0.  Berg  gave  5xl07  for  the  absolute 
abundance  of  molybdenum  in  the  earth.  The  general  subject  was  discussed  by 
H.  S.  Washington,  G.  Tammann,  Y.  M.  Goldschmidt,  E.  Herlinger,  A.  von  AntropofF, 
0.  Hahn,  R.  A.  Sonder,  and  J.  Joly.  H.  A.  Rowland,2  and  M.  N.  Saha  classed 
tungsten  with  the  elements  whose  presence  in  the  sun  is  doubtful. 

The  more  important  tungsten  minerals  are  the  wolfram  group  consisting  of 
iron  and  manganese  tungstates,  and  the  scheelite  group  consisting  of  calcium 
tungstate.  They  occur  irregularly  and  the  lodes  are  more  or  less  sporadic.  The 
genesis  of  the  ores  has  been  discussed  by  R.  H.  Rastall.3  The  ores  can  be 
divided  into  primary  and  secondary.  The  primary  group  includes  occurrences 
in  lodes,  veins,  dykes,  and  contact  deposits ; while  the  secondary  group 
includes  alluvial  and  residual  deposits.  The  primary  ores  are  generally  asso- 
ciated with  granites,  and  are  often  accompanied  by  tin.  The  tungsten  appears 
to  have  been  concentrated  in  the  later  stages  of  the  solidification  of  the  granite 
magma  to  the  margin  of  the  intrusion.  The  wolfram  is  normally  disseminated 
in  the  granite,  or  concentrated  in  pegmatites,  dykes,  and  quartz  veins  of  direct 
igneous  origin.  It  also  occurs  in  the  country  rock  adjoining  the  veins,;  and  some 
lodes  are  zones  of  rock  impregnated  with  ores  derived  from  vapours  or  solutions 
passing  through  cracks  due  to  contraction  or  faulting.  The  tungsten  in  this  respect 


resembles  tin,  but  the  tungsten  zone  has  been  carried  further  than  the  tin.  Vapours 
escaping  from  the  hot  interior  coming  in  contact  with  calcareous  rocks  formed 
contact  deposits  of  scheelite.  The  secondary  deposits  of  tungsten  show  that  in 
some  cases  the  ore  has  decomposed,  while  in  other  cases  the  tungsten  has  resisted 
weathering  influences  and  accumulated  in  detrital  deposits  like  tinstone,  gold, 
and  platinum. 

The  geographical  distribution  of  tungsten  ores  is  illustrated  by  Fig.  1.  The 
main  localities  are  as  follow  : . 

Europe. — Nearly  all  the  tungsten  ores  of  the  British  Isles  4 are  obtained  from  Cornwall 
and  the  neighbouring  parts  of  Devonshire.  The  districts  are  Land’s  End  ; Camborne  and 
Redruth ; St.  Austell ; Bodmin  Moor  ; and  Callington  and  Tavistock.  The  tungsten  ore 
occurring  at  Carrock  Fell,  Cumberland,  was  described  by  A.  M.  Finlayson.  In  France,8 
tungsten  ores  are  found  in  Brittany — at  Montbelleux,  and  Villeray  ; at  Puy-les-Vignes, 
Haute  Vienne  ; near  Chanteloube,  Mazataud,  and  Chabanne  ; at  Meymac ; Charente, 
Saone  et  Loir,  Nievre,  and  Allier  ; Framont,  Vosges  ; and  St.  Lary,  Hautes  Pyrdn4es.  In 
Spain,6  there  are  deposits  near  Lousame  and  Cabana,  Corunna,  Carbia,  Pontevedra ; 
Silleda ; Zamora ; Barrvecotardo,  Salamanca ; Caceres ; Badajos  near  Jerez  de  los 
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Caballeros  ; Valle  de  la  Serrana  ; Cordoba  and  Jaen — Conquista,  Malaga,  and  Patema. 
Most  of  the  Spanish  output  comes  from  Badajos.  In  Portugal,7  the  northern  half  of  the 
country  is  the  largest  producer  of  wolfram  ores  in  Europe.  There  are  deposits  at  Borralha, 
Serra  das  Alturas  ; Braganca,  Iffanes,  Para,  Paradinha,  Valle  de  Seixo,  Coelhoso,  Miran- 
della,  Miranda  do  Douro,  Sierra  da  Estrella,  Serra  de  las  Mesas  ; Panasqueira,  Silvares ; 
Fundas,  Sabugal,  Matta  da  Reinha,  Pinhel,  Sac  Cosmado,  Moirmenta,  Paredes,  Arouca, 
Capela  do  Senhor  dos  Alfitos  ; Vizeu,  and  Serra  da  Estralla.  In  Italy,8  scheelite  occurs  in 
Cagliari,  Sardinia,  and  at  Suergiu,  and  Genna-Gureu.  Ip  Switzerland,9  it  occurs Vt  Etzlithal. 
In  Austria-Hungary,  and  Bohemia,10  deposits  occur  near  Graupen,  Bohemia,  and  this  is  a 
continuation  of  the  Zinnwald-Altenberg  field.  Deposits  also  occur  at  Felsobanya.  In 
Russia,11  a few  deposits  of  tungsten  ore  are  known — e.g.  at  Baevka,  Perm  ; Nerchinsk, 
Siberia ; and  at  Pitkaranta,  Finland.  In  Germany,12  wolfram  occurs  in  the  tin  district 
of  the  Erzgebirge,  Saxony;  Altenberg,  and  Zinnwald,  Saxony;  Annaberg,  Johann - 
georgenstadt,  Eibenstock,  Neudorf,  Tirpersdorf,  and  Schmiedelfeld.  In  Sweden,13  a few 
deposits  have  been  reported,  and  so  also  in  Greenland.14 

Asia. — In  India,16  wolfram  occurs  at  Argagon,  Nagpur  ; Hazaribagh,  Bengal ; and 
Degana,  Marwar.  In  Burma,18  a considerable  amount  of  ore  is  produced  in  the  Tavoy 
district,  Tenasserim ; and  there  are  deposits  in  the  Southern  Shan  States  ; and  in  the 
Thaton  district,  Lower  Burma.  In  the  Malay  States,17  and  the  Straits  Settlements 
extending  into  the  Dutch  territory  Banka  and  Billiton,  the  chief  producing  states  are 
Perak,  Selangor,  Negri  Sembilan,  Pahang,  Kedah,  and  Trengganu.  In  Siam,18  ore  is  mined 
in  Nakawn  Sritamarat,  Trang,  and  Lacon  ; and  also  at  Tonkin. 

In  Japan,19  there  are  mines  in  Yamaguchi  Ken,  Ibaraki  Ken,  Corea,  and  Chin  Chow, 
Manchuria.  In  China,20  tungsten  is  obtained  from  the  alluvial  deposits  in  the  districts 
of  Kwantung,  Hunan,  and  Hong  Kong — -Haifeng,  Lufeng,  Puning,  Kityang,  Wuhua,  and 
Waichow. 

Africa. — Tungsten  minerals  have  been  reported  from  the  Union  of  South  Africa  21 
— e.g.  at  Knils  River,  Cape  Province  ; the  tin  fields  of  Waterberg,  and  Stavoren,  and  near 
Leydsdorp.  In  South-West  Africa,22  there  are  deposits  near  Little  Karas ; Ubib,  and 
Goages  in  Swakopmund  ; and  in  the  Erongo  Mountains.  In  Rhodesia,  there  are  deposits 
in  numerous  localities  from  Wankie  to  Umtali,  and  from  Lomagundi  to  the  Limpopo  river, 
Lusoakas,  Northern  Rhodesia  ; and  at  Essexvale,  Umzingwane. 

Northern  America. — In  Canada,23  there  are  tungsten  ores  in  Nova  Scotia — Stillwater 
Brook,  Halifax  ; in  New  Brunswick — Burnt  Hill  Bfook  ; in  Manitoba — Falcon  Lake  district 
in  British  Columbia — Black  Prince  Group  ; near  Barkerville  and  in  the  Kootenay  ; and 
near  Mayo,  Yukon  Territory.  In  the  United  States,  the  tungsten  ores  are  mainly  con- 
fined to  the  Cordilleran  region  in  the  west ; and  in  all  the  Western  States  with  the  exception 
of  Wyoming,  but  more  particularly  in  the  Atolia-Randsburg  district  of  California,  and  about 
Bouder  in  Colorado.  There  are  deposits  in  Alaska,24  Arizona,25  California,26  Colorado.27 
Connecticut,28  Idaho,29  Missouri,30  Montana,31  Nevada,32  New  Mexico,33  North  Carolina,34 
Oregon,35  Pennsylvania,36  South  Dakota,37  Texas,33  Utah,39  and  Washington.40  Tungsten 
has  been  reported  in  Mexico  41  near  Sonora  and  Durango. 

South  America. — In  Argentina,43  tungsten  deposits  are  mainly  confined  to  thq  Pampa 
range — Cajon,  Gualapaji,  Amboti,  Incasti,  Colorado.?,  Mazan,  Guasapampa,  Quines,  San 
Ramon,  Pantana,  San  Ignacio,  El  Morro,  Los  Condores,  Pisco  Yacu,  and  Cumbre.  In 
Peru,43  the  deposits  are  mainly  situated  in  the  department  of  Ancachs  and  Libertad  on 
the  Pelagatos  and  Tamboras  Mountains.  There  are  deposits  in  the  department  of  Taya- 
bama  ; and  near  Lircay,  Huancavelica.  In  Chile,44  there  are  deposits  in  Taena.  In 
Bolivia,45  there  are  deposits  on  the  Cordillera  Real,  and  Eastern  Cordillera.  In  Brazil  46 
deposits  occur  at  Encruzilhada,  Rio  Grande  do  Sal ; and  also  in  the  States  of  Espirito, 
Santo,  and  Minas  Geraes. 

Australasia. — There  are  deposits  in  Queensland  47  at  Mount  Carbine,  Wolfram  and 
Bamford.  In  New  South  Wales  they  occur  in  the  north-eastern  portion  and  in  the  west 
near  Broken  Hill.  There  are  also  the  Hill  Grove  scheelite  deposits.  In  Victoria,  tungsten 
is  found  near  Benambra,  and  near  Baragwanatti ; at  Maldon,  and  Koetong  ; in  Tasmania, 
near  Constable’s  Creek,  Upper  Scamander,  Gipp’s  Creek,  Storey’s  Creek,  and  Moina. 
Scheelite  also  occurs  on  King  Island.  In  South  Australia,  tungsten  occurs  near  Norman- 
ville  ; in  Northern  Territory,  in  the  Pine  Creek  district.  Brock’s  Wolfram  Mine,  and  Hatches 
Creek ; in  Western  Australia,  in  the  Yalgoo  and  Murchison  fields ; and  in  New  Zealand,4’ 
scheelite  occurs  in  the  Otago  gold-fields,  Glenorchy,  and  Macrae’s  Flat.  Wolfram  is  re- 
ported from  Stewart’s  Island,  and  the  western  parts  of  Nelson. 

The  valuation  of  tungsten  ores  is  based  on  the  percentage  amount  of  tungsten 
trioxide  in  the  cone,  ore — 65  per  cent,  is  adopted  as  a standard  in  Great  Britain, 
while  60  per  cent,  is  preferred  in  the  United  States.  If  the  percentage  is  below 
the  standard,  the  selling  price  is  penalized.  An  excessive  proportion  of  phosphorus 
or  arsenic  reduces  the  value  of  the  ore.  Before  the  war,  the  price  was  25s.  to  35 s. 
per  unit.  In  1915,  it  was  55s.  per  unit ; and  in  1918,  the  price  was  raised  to  60s. 
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with  special  allowances  for  losses  on  high  freights  and  on  exchange.  The  price 
of  chromite  ore  in  1924  ranged  from  86s.  3d.  to  90s.  0 d.  per  ton.  R.  H.  Rastall  and 
W.  H 'Wilcockson  49  estimated  for  1910-1917  the  proportion  of  metal  in  metric 
tons  in  the  concentrates  produced  by  different  countries  to  be  approximately  as 
follows  : 


1910 

1913 

1917 

1924 

1929 

United  Kingdom 

278 

785 

245 

2 

135 

Burma 

402 

1715 

4553 

813 

2200 

Malay  States 

. — 

324 

1200 

430 

175 

New  South  Wales 

321 

173 

249 

3 

68 

Queensland 

908 

549 

502 

1 

45 

Tasmania 

68 

69 

245 

60 

380 

New  Zealand 

145 

225 

164 

3 

25 

Germany,  Austria 

60 

150 

250 

83 

120 

France 

30 

245 

225 

— 

14 

Spain 

153 

150 

800 

200 

350 

Portugal 

948 

800 

1596 

400 

700 

Japan 

250 

297 

1500 

10 

283 

China 

. — 

— 

1200 

3500 

6500 

French  Indo-China 

— 

— 

— 

494 

238 

Siam 

. — 

281 

634 

10 

35 

United  States 

. 1652 

1395 

5006 

512 

2300 

Argentina  . 

. 1912 

539 

1000 

132 

120 

Bolivia 

207 

569 

1650 

18 

585 

Peru 

12 

300 

1000 

— 

100 

Mexico 

— 

— 

— 

25 

45 

The  tungsten  minerals  include  the  wolframite  series  which,  according  to 
F.  L.  Hess.50  comprises  ferberite  containing  80  to  100  per  cent.  FeW04,  and  0 to 
20  per  cent.  MnW04;  wolframite  with  20  to  80  per  cent.  FeW04  and  20  to  80  per 
cent,  of  MnW04 ; and  hiibnerite  with  0 to  20  per  cent.  FeW04  and  80  to  100  per 
cent.  MnWo4 ; remite,  FeW04 ; there  are  also  scheelite,  CaW04 ; powellite, 
Ca(Mo,W)04  ; stolzite — tetragonal  PbW04,  and  raspite — monoclinic  PbW04; 
chillagite,  a mixture  of  lead  tungstate  and  molybdate ; cuproscheelite,  or  cupro- 
tungstite,  CuW04.2H20  ; tungstite,  or  tungsten  ochre,  W03.H20  ; ferritungstite, 
Fc203.W0o.6H20  ; and  tungstenite,  WS2. 

H.  St.  C.  Deville 51  found  small  quantities  associated  with  tantalic  acid. 
F.  Zambonini  found  it  in  vesbine  in  crevices  in  the  Vesuvian  lava  of  1631.  M.  Mazade 
detected  its  presence  in  the  mineral  waters  of  Nerac. 
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§ 3.  The  Extraction  of  Tungsten  Trioxide 

The  products  usually  obtained  from  tungsten  ores  are  (i)  compounds,  like 
tungsten  trioxide  or  tungstates,  employed  in  the  arts  as  pigments,  mordants,  etc.  ; 
(ii)  crude  tungsten,  usually  pulverulent,  employed  for  making  ferrotungsten,  and 
other  alloys  ; and  (iii)  purified  metal  in  the  form  of  sheet,  rod,  or  wire,  for  use  in 
lamps,  X-ray  tubes,  thermionic  valves,  etc.  The  mining  of  tungsten  ores  does  not 
present  any  peculiarities  different  from  those  used  in  mining  other  ores  of  a similar 
nature.  The  ore  as  mined  is  commonly  associated  with  tinstone.  The  milling  and 
concentration  1 of  wolfram  ore  may  involve  the  use  of  a magnetic  separator  since 
wolfram  is  fairly  magnetic  in  virtue  of  the  contained  iron,  whilfe  tinstone  is  virtually 
non-magnetic.  A separation  with  less  than  one  per  cent,  of  tin  oxide  with  the 
wolframite  is  rarely  possible.  Scheelite  is  not  usually  magnetic,  but  it  is  not 
commonly  found  associated  with  tinstone.  When  tinstone  is  present,  a chemical 
process  is  required  for  the  separation.  The  average  amount  of  tungsten  trioxide 
in  the  concentrate  is  about  65  per  cent. 

Scheelite  is  easily  decomposed  by  heating  it  with  cone,  hydrochloric  or  nitric 
acid  whereby  calcium  chloride  or  nitrate  is  formed,  and  hydrated  tungsten  trioxide. 
The  latter  can  be  purified  by  dissolving  the  hydrate  in  a soln.  of  ammonium 
carbonate  and  ammonia,  as  indicated  below.  This  process  was  used  by 
A.  E.  Nordenskjold.2  According  to  G.  Gin,  scheelite  may  be  fused  in  a reverberatory 
furnace  with  potassium  fluoride  so  as  to  form  soluble  potassium  tungstate  and 
insoluble  calcium  fluoride.  The  soln.  of  the  tungstate  is  then  decomposed  by  acid 
in  the  usual  manner.  P.  Schwarzkopf  heated  the  ore  in  air  to  form  tungsten  trioxide, 
and  when  oxidation  was  complete,  he  sublimed  the  trioxide  in  a current  of  air. 

The  extraction  of  tungsten  trioxide  by  treating  wolframite  with  acids.3 — The  finely- 
powdered  mineral  is  digested  with  cone,  hydrochloric  acid,  renewing  the  acid  from 
time  to  time,  and  adding  a little  nitric  acid  towards  the  end  of  the  operation,  so 
as  to  oxidize  and  dissolve  the  iron  as  a ferric  salt.  The  operation  is  continued  until 
the  ferric  and  manganic  oxides  have  passed  into  soln.,  and  the  brown  residue  is 
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changed  to  a yellow  colour.  The  undissolved  residue  consists  of  hydrated  tungsten 
trioxide,  undissolved  wolframite,  and  silica  ; it  is  then  well-washed,  and  shaken 
up  with  aq.  ammonia.  The  hydrated  tungsten  trioxide  passes  into  soln.  ; and  on 
evaporating  the  filtered  soln.,  crystals  of  ammonium  tungstate  are  formed.  The 
ammonium  salt  is  then  ignited  in  air  to  form  tungsten  trioxide.  Modifications 
of  the  process  were  described  by  J.  B.  von  Borck,  JxB.  A.  Dumas,  B.  Franz,  W.  Lotz, 
J.  C.  G.  de  Marignac,  J.  Persoz,  J.  Philipp,  A.  Riche,  E.  R.  Schneider,  and 
E.  Zettnow.  The  product  is  of  inferior  purity.  If  desired,  the  small  proportion  of 
columbium  and  tantalum  can  be  removed  by  treating  the  product  with  ammonium 
sulphide  which  dissolves  only  the  tungsten  trioxide.  The  soln.  is  acidified  with 
hydrochloric  acid  to  precipitate  hydrated  tungsten  trioxide.  This  is  washed,  dried, 
and  ignited.  In  another  process,  the  finely-divided  ore  is  digested  with  50  per  cent, 
sulphuric  acid,  heated  by  superheated  steam  in  lead  pipes  immersed  in  the  liquid. 
In  3 hrs.  the  liquid  containing  iron  and  manganese  is  decanted  off,  and  the 
extraction  repeated  2 or  3 times  with  30  per  cent,  sulphuric  acid.  The  residue 
is  mixed  with  20  per  cent,  sodium  chloride  and  half  this  weight  of  sodium  nitrate, 
and  enough  sulphuric  acid  added  to  evolve  hydrogen  chloride  and  nitrous  fumes. 
This  is  repeated  2 or  3 times  to  oxidize  the  remaining  iron  and  manganese.  Tht^ 
hydrated  tungsten  trioxide  mixed  with  any  insoluble  matter,  like  silica,  remains  as 
a sludge.  It  is  washed  and  dried.  The  iron  and  manganese  sulphates  are  recovered 
by  evaporating  the  acid  liquors.  L.  Weiss  discussed  the  opening  of  wolframite 
by  treatment  with  cone,  hydrochloric,  hydrofluoric,  sulphuric  or  nitric  acid,  or  with 
aqua  regia.  K.  Anjow  used  dil.  sulphuric  acid  at  180°  under  press,  for  opening  up 
the  finely-divided  ore. 

The  extraction  of  tungsten  trioxide  by  heating  wolframite  with  fluxes. — 
J.  B.  Richter,4  and  J.  B.  von  Borck  fused  the  wolframite  with  four  times  its  weight 
of  potassium  nitrate — or  a mixture  of  sodium  carbonate  and  potassium  nitrate,  or 
a mixture  of  sodium  and  potassium  carbonates — extracted  the  cold  product  with 
water ; precipitated  calcium  tungstate  from  the  filtrate  by  the  addition  of  calcium 
chloride  ; decomposed  the  washed  calcium  salt  with  nitric  acid  ; and  washed  the 
hydrated  tungsten  trioxide  with  water.  E.  F.  Anthon  boiled  the  soln.  of  potassium 
tungstate  for  a quarter  of  an  hour  with  an  excess  of  hydrochloric  acid,  dissolved  the 
washed  hydrated  tungsten  trioxide  in  aq.  ammonia  ; and  evaporated  the  soln.  for 
ammonium  tungstate.  C.  F.  Bucholz,  and  J.  J.  Berzelius  fused  the  wolframite  with 
twice  its  weight  of  potassium  carbonate  ; B.  Franz,  and  J.  Philipp  used  150  parts 
of  ore,  100  parts  of  sodium  carbonate,  and  15  parts  of  potassium  nitrate  ; L.  Mayer, 
and  G.  C.  Wittstein  used  one  part  of  wolframite,  one  of  potassium  nitrate, 
and  2 parts  of  potassium  carbonate  ; C.  Scheibler,  and  E.  Zettnow  used  33  to 
50  per  cent,  of  sodium  carbonate  ; W.  B.  Stoddard  and  I.  Hochstadter  used 
a mixture  of  ore,  charcoal,  and  sodium  nitrate  ; R.  W.  Stimson,  alkali  nitrate  ; and 
A.  Riche  used  17  parts  of  sodium  carbonate  with  10  parts  of  wolframite.  The 
processes  in  use  are  more  or  less  modified  forms  of  R.  Oxland’s  process  in  which  the 
ore  is  first  fused  with  sodium  carbonate,  and  the  sodium  tungstate  extracted  by 
leaching  with  water.  Modifications  were  described  by  F.  A.  Bernoulli,  K.  Christl, 
G.  Bessa,  A.  K.  Huntington,  R.  Derenbach,  etc. 

C.  H.  Jones,  describing  the  process  in  use  in  North  Chicago,  said  that  the  hand-picked 
ore  is  crushed  and  ground  to  a coarse  powder  ; and  mixed  with  soda-ash  in  a ball-mill  so 
as  to  pass  100's  lawn— one  part  each  of  tungsten  trioxide  and  sodium  carbonate  plus  a 
15  per  cent,  excess  of  the  latter.  About  150  kgrms.  of  the  mixture  are  charged  into  a 
reverberatory  furnace  and  raked  by  hand  for  a couple  of  hours  while  the  temp,  is  kept  at 
about  800°.  This  allows  a free  access  of  air  to  oxidize  the  iron  and  manganese  respectively 
to  Fe203  and  Mn304.  The  product  is  removed  from  the  furnace,  cooled,  and  crushed  ; 
and  the  sodium  tungstate  extracted  by  leaching  with  water.  The  clear  liquor  is  heated 
by  a jet  of  live  steam,  and  a soln.  of  calcium  chloride  is  added  to  precipitate  calcium 
tungstate.  This  is  washed  by  decantation,  and  then  treated  with  hydrochloric  acid. 
The  yellow  precipitate  is  washed  by  means  of  a suction  pump  ; and  dried.  Its  com- 
position approximates  : H2W04,  09-53  ; FeO,  0-02  ; A1203,  0-05  ; CaO,  0-20  ; and 
Si02,  0-20  per  cent.  J.  B.  Ekeley  and  W.  B.  Stoddard  added  sodium  chloride  to  the 
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fusion  mixture  to  hasten  the  reaction.  It  is  then  necessary  to  add  a little  sodium  nitrate 
or  chlorate  as  oxidizing  agent.  The  General  Electric  Co.,  and  N.  T.  Gordon  and  A.  F.  Spring 
used  a continuous  process. 

F.  Wohler  melted  one  part  of  wolframite  with  2 parts  of  calcium  chloride  for  an 
hour,  and  extracted  the  cold,  powdered  mass  with  boiling  water ; the  chlorides  of 
calcium,  manganese,  and  iron  passed  into  soln.  The  residual  calcium  tungstate 
was  treated  with  cone,  hydrochloric  acid ; the  washed  residue  was  dissolved  in 
aq.  ammonia,  and  the  soln.  evaporated  for  ammonium  tungstate  ; the  product  was 
heated  to  redness  for  tungsten  trioxide.  F.  Jean  mixed  powdered  wolframite  with 
3 per  cent,  of  calcium  carbonate  and  20  to  30  per  cent,  of  sodium  chloride,  and  heated 
the  mixture  for  half  an  hour  to  dull  redness.  When  the  mixture  is  cold,  it 
is  pulverized,  and  then  boiled  for  a quarter  of  an  hour  with  hydrochloric  acid,  which 
dissolves  the  lime,  and  the  oxides  of  iron  and  manganese,  with  the  disengagement  of 
chlorine,  leaving  the  whole  of  the  tungstic  acid  in  the  insoluble  state  as  a lemon- 
yellow  crystallihe  powder,  which  is  purified  by  washing  with  acid.  With  calcium 
carbonate,  without  sodium  chloride,  it  was  found  impossible  to  decompose  the 
wolframite  completely ; but  with  about  20  per  cent,  of  pure  lime,  the  decom- 
position was  easily  effected  at  a dull  red-heat.  Sulphates,  alkaline  carbonates,  or 
calcium  chloride  may  replace  the  sodium  chloride.  L.  Weiss  compared  the  result 
obtained  by  opening  up  the  wolframite  by  heating  it  with  ammonium  fluoride ; 
sodium  hydroxide  ; calcium  carbonate — alone  or  mixed  with  calcium  or  sodium 
chloride ; with  calcium  chloride ; or  with  magnesium  compounds.  He 
recommended  fusing  a mixture  of  4 parts  of  wolframite  with  one  part  of  each  of 
calcium  carbonate  and  chloride,  and  decomposing  the  product  with  an  acid.  If 
magnesium  carbonate  be  employed,  the  product  contains  red  crystals  of  magnesium 
tungstate  which  are  not  decomposed  by  acids.  G.  Gin  heated  a mixture  of 
wolframite  and  magnesium  chloride  on  the  hearth  of  a reverberatory  furnace  and 
found  that  the  manganese  and  iron  are  volatilized  as  chlorides.  The  aq.  extract 
of  the  cold  mass  furnishes  a soln.  from  which,  on  evaporation,  crystals  of  magnesium 
tungstate  can  be  obtained.  This  salt  is  decomposed  by  hot,  cone,  hydrochloric 
acid  leaving  insoluble  hydrated  tungsten  trioxide. 

When  tin  is  present  in  appreciable  quantities,  G.  Gin  recommended  fusing  the 
ore  mixed  with  potassium  hydrosulphate  in  a furnace  with  the  hearth  made  of  silica 
agglomerated  with  pitch.  The  mixture  is  stirred  and  run  from  the  furnace.  The 
cold,  powdered  mass  is  digested  with  water — soluble  sulphates  pass  into  soln.,  and 
an  insoluble  acid  potassium  tungstate  remains  along  with  silica,  stannic  oxide,  and 
insoluble  sulphates.  The  dried  mass  is  treated  with  a warm  soln.  of  ammonium 
carbonate  when  the  potassium  tungstate  passes  into  soln.,  whilst  the  stannic  oxide, 
sulphates,  and  silica  remain.  The  evaporation  of  the  soln.  furnishes  ammonium 
tungstate  which  is  converted  into  tungsten  trioxide  by  ignition.  The  ammoniacal 
soln.  can  be  treated  with  hydrogen  sulphide,  and  ammonium  sulphotungstate  is 
deposited  in  orange-red  crystals  which,  on  ignition  and  roasting,  pass  into  tungsten 
trisulphide  and  then  to  the  trioxide.  The  Elektrochemische  Fabrik  used  sodium 
hydrosulphate  with  an  excess  of  sulphuric  acid  in  place  of  potassium  hydrosulphate. 
The  aq.  extract  contains  soluble  metal  sulphates  and  sodium  tungstate.  The  metals 
can  be  precipitated  by  electrolysis ; and  the  sodium  sulphate  crystallized  out. 
Hydrochloric  acid  then  precipitates  hydrated  tungsten  trioxide.  H.  Brandenburg 
and  A.  Weyland,  and  F.  E.  Clotten  employed  a modification  of  the  hydrosulphate 
fusion  process. 

The  extraction  of  tungsten  trioxide  from  wolframite  by  alkali-lye. — Tungsten 
trioxide  can  be  extracted  from  wolframite  by  treatment  with  cone,  soda-lye  or 
potash-lye.  The  tungsten  can  be  recovered  from  the  liquor  by  crystallization, 
by  precipitation  with  acid,  or  precipitation  as  calcium  tungstate,  etc.  E.  K.  Jenckes 
recommended  the  process.  G.  A.  Hempel  carried  out  the  extraction  in  an  auto- 
clave under  press,  by  mixture  of  alkali-lye  with  enough  lime  to  ensure  the  pre- 
cipitation of  silica  and  tin,  but  not  enough  to  precipitate  calcium  tungstate.  The 
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tungsten  trioxide,  is  recovered  in  the  usual  way.  W.  B.  Gero  and  C.  V.  Iredell 
digested  in  boiling  soda-lye  ground  wolframite  concentrates  and  added  calcium 
chloride  to  the  resulting  soln.,  whilst  the  resulting  calcium  tungstate  was  digested 
with  boiling  hydrochloric  acid,  and  the  tungstic  acid  converted  into  ammonium  para- 
tungstate.  The  latter  was  ignited  for  tungstic  oxide.  L.  Weiss  discussed  the 
results  obtained  by  extraction  with  alkali-lye. 

The  extraction  of  tungsten  trioxide  from  wolframite  hy  volatilization  as  chloride. — 
The  processes  based  on  the  volatility  of  the  chloride  are  not  practicable  with  low- 
grade  ores  unless  other  metals — e.g.  tin — can  be  recovered  at  the  same  time.  In 
W.  H.  Dyson  and  L.  Aitchison’s  process,  the  wolframite  is  heated  to  600°  in  a 
current  of  equal  vols.  of  chlorine  and  hydrogen  chloride  to  remove  the  tin  ; and  the 
temp,  is  then  raised  to  900°  to  distil  off  the  iron,  manganese,  and  tungsten  chlorides. 
The  distillate  is  collected  in  water  so  as  to  precipitate  the  hydrated  tungsten  trioxide. 
0.  J.  Stannard  mixed  the  crushed  ore  with  carbonaceous  material,  and  heated  the 
mixture  to  redness.  The  product  is  then  heated  at  about  300°  in  a current  of 
chlorine  gas,  free,  or  almost  free,  from  air.  The  volatilized  or  sublimed  mass  which 
results  is  treated  with  hot  water,  with  or  without  the  addition  of  nitric  or  hydro- 
chloric acid.  For  the  recovery  of  stannic  chloride  from  wolfram  ores  the  sublimate 
is  heated  with  hot  water  and  hydrochloric  acid,  and  the  resulting  soln.  of  stannic 
chloride  is  separated  from  the  precipitated  tungstic  acid.  The  process  may  be  made 
cyclic  by  heating  the  mixture  of  chlorides  obtained  in  a current  of  dry  air  and  using 
the  chlorine  thus  recovered  for  the  treatment  of  further  quantities  of  ore.  In  a 
volatilization  process  devised  by  P.  Jannasch  and  R.  Leiste,  the  ore  is  heated  in  a 
current  of  the  vapour  of  carbon  tetrachloride,  and  the  tungsten  chlorides  distilling 
over  are  decomposed  by  mineral  acids.  F.  L.  Hahn  and  W.  Franke  heated  the 
tungstate  with  carbon  tetrachloride  under  press,  at  250°  to  300°,  and  extracted  the 
mass  with  acid. 

The  extraction  of  tungsten  trioxide  from  wolframite  hy  electrolysis. — R.  E.  Pearson 
and  co-workers  suggested  the  following  process,  but  it  has  not  been  developed 
industrially.  The  tungsten  ore,  or  waste-products  containing  that  element  are  mixed 
with  carbonaceous  matter,  and  ground  and  mixed  to  a paste  with  sulphuric  acid, 
and  the  mixture  is  placed  on  a lead  plate  which  forms  the  anode  of  an  electrolytic 
cell  containing  dil.  sulphuric  acid.  On  passing  a current  through  the  cell  the  basic 
impurities,  e.g.,  iron,  manganese,  calcium  or  sodium  oxides,  in  the  material  on  the 
anode  pass  into  soln.,  leaving  a residue  of  tungsten  or  molybdenum  oxides. 
Alternatively  the  anode  may  consist  of  nickel  or  a nickel  alloy,  and  the  electrolyte 
of  caustic  soda,  whereby  soluble  sodium  tungstate  or  molybdate  is  formed  and  the 
foreign  metals  are  left  as  anode  slime. 

The  purification  of  tungsten  trioxide. — The  crude  tungsten  trioxide  or  sodium 
tungstate,  prepared  by  these  methods,  may  contain  up  to  2 per  cent,  of  impurities, 
the  nature  of  which  depends  on  the  ore  and  the  method  of  extraction.  The  more 
common  impurities  are  silica  and  oxides  or  salts  of  iron,  manganese,  calcium, 
titanium,  tin,  and  molybdenum.  The  purity  of  the  metal  finally  obtained  depends 
largely  on  the  purity  of  the  oxide  from  which  it  is  reduced.  Ductile  tungsten,  and 
the  tungsten  employed  for  lamp  filaments,  and  thermionic  valves  must  be  of  a 
high  degree  of  purity.  Tungsten  with  0-1  per  cent,  of  iron  is  almost  unworkable 
for  ductile  tungsten  because  of  its  brittleness.  It  is  comparatively  easy  to  reduce 
the  total  impurities  to  from  0-1  to  05  per  cent.,  but  elaborate  processes  are  required 
for  a higher  degree  of  purity.  When  precipitation  by  an  acid  is  employed  as  a means 
of  purification,  it  is  advisable  to  avoid  colloidal  precipitates  because  they  are  very 
liable  to  absorb  impurities.  Colloidal  precipitation  is  favoured  by  the  use  of  cold, 
dil.  soln. ; cone.  soln.  are  preferable.  . The  subject  was  studied  by  L.  Moser  and 
J.  Ehrlich.5  The  best  results  are  obtained  by  running  the  tungstate  soln.  into  the 
boding  acid  ; rapid  mixing  favours  the  production  of  a coarse-grained  precipitate. 
If  cold  hydrochloric  acid  of  sp.  gr.  1-19  is  added  drop  by  drop  to  a cold  soln.  of  the 
tungstate,  the  precipitate  first  formed  passes  into  the  colloidal  state  as  more  acid  is 
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added  ; and  the  colloid  is  coagulated  on  boiling.  If  nitric  acid  be  employed,  the 
precipitate  does  not  pass  into  the  colloidal  state.  The  washed  precipitate  pro- 
duced by  hydrochloric  acid  is  fairly  soluble  in  nitric  acid,  but  the  precipitate  pro- 
duced by  nitric  acid  is  scarcely  soluble  in  hydrochloric  acid.  Sulphuric  acid  stands 
between  nitric  and  hydrochloric  acids  in  that  the  precipitate  first  formed  is  partly 
redissolved  on  adding  more  acid.  If  increasing  amounts  of  acetic  acid  are  added  to 
sodium  tungstate  before  adding  hydrochloric  acid,  the  initial  precipitation  does  not 
occur  until  increasing  amounts  of  hydrochloric  acid  are  added,  and  the  precipitate 
dissolves  more  quickly  on  adding  more  acid.  However,  the  addition  of  5 c.c.  of 
acetic  acid  to  2 c.c.  of  a soln.  of  sodium  tungstate  gives  a precipitate  which  is  not 
soluble  in  hydrochloric  acid.  If  tungstic  acid  be  precipitated  from  sodium  tungstate 
by  hydrochloric  acid,  and  allowed  to  stand,  the  precipitate  is  at  first  white  and 
colloidal,  it  then  becomes  yellow  and  insoluble  on  the  further  addition  of  hydro- 
chloric acid.  The  precipitated  tungsten  trioxide  always  carries  down  with  it  some 
of  the  salts  dissolved  in  the  mother-liquor.  Thus,  if  0-2  per  cent,  of  iron  is  present 
in  the  soln.  of  ammonium  tungstate  run  into  boiling  hydrochloric  acid,  the  pre- 
cipitate may  contain  0-05  per  cent,  of  ferric  chloride ; and  tungstic  acid  pre- 
cipitated from  sodium  tungstate  by  hydrochloric  acid  contains  from  0-1  to  0-3  per 
cent,  of  sodium  chloride.  These  impurities  can  to  some  extent  be  removed  by 
washing  with  water  ; but  the  tungstic  acid  then  becomes  colloidal  and  filtration  is 
impracticable.  Washing  with  water  containing  10  per  cent,  of  hydrochloric 
or  nitric  acid,  prevents  the  peptization  of  the  tungstic  ' acid  ; but  even  then 
it  is  not  possible  to  completely  remove  the  soluble  impurities — 0-09  per  cent,  of 
ferric  oxide,  and  0-06  per  cent,  of  calcium  oxide,  as  well  as  traces  of  titanium  and 
molybdenum  may  be  present.  The  precipitation  is  carried  out  in  wooden  vats  or 
pots  of  vitreous  silica.  The  sodium  tungstate  obtained  from  wolframite  is  some- 
times purified  by  converting  it  into  calcium  tungstate  by  adding  an  excess  of  a soln. 
of  calcium  chloride  of  sp.  gr.  1*16,  and  the  washed  precipitate  is  treated  with  boiling 
hydrochloric  acid  of  sp.  gr.  1-10.  The  process  was  described  by  C.  H.  Jones,  who 
obtained  a sample  with  99-53  per  cent.  W03  by  this  means. 

Hydrated  tungsten  trioxide  readily  dissolves  in  aq.  ammonia,  if  it  has  not 
been  dried  at  too  high  a temp.,  it  is  markedly  less  soluble  if  dried  over  170°,  and  is 
practically  insoluble  if  heated  above  500°.  Tungsten  trioxide  was  purified  by 
J.  Persoz,  F.  A.  Bernoulli,  and  A.  Riche  by  dissolving  it  in  aq.  ammonia,  and  again 
precipitating  it  with  acid.  Several  repetitions  of  the  process  are  needed  for  a pro- 
duct of  a high  degree  of  purity.  If  the  ammoniacal  soln.  of  the  tungsten  trioxide  is 
allowed  to  stand  for  some  hours  and  then  filtered,  the  impurity,  iron,  may  pass  into 
soln.  The  soln.  is  evaporated  in  order  to  obtain  white  crystals  of  ammonium 
paratungstate  ; these  are  washed  with  cold  water  and  dried.  One  crystallization 
may  not  suffice  for  the  removal  of  iron.  The  paratungstate,  being  insoluble  in 
water,  is  decomposed  by  boiling  with  40  per  cent,  nitric  or  hydrochloric  acid,  and 
the  hydrated  tungsten  trioxide  is  dissolved  in  aq.  ammonia  and  recrystallized  as 
before.  The  crystallization  may  be  modified  by  adding  sodium  or  potassium 
hydroxide  to  the  soln.  of  ammonium  tungstate,  when  crystals  of  the  complex  salt 
2R20.3(NH4)20.12W03.15H20  are  obtained.  The  crystals  can  be  decomposed  by 
dissolving  them  in  soda-lye,  the  ammonia  driven  off  by  heat,  and  the  alkali  tungstate 
soln.  run  into  boiling  acid.  This  modification  gives  tungsten  trioxide  free  from  iron, 
but  it  contains  0-1  to  0-3  per  cent,  of  alkali  chloride.  E.  F.  Smith  and  F.  F.  Exner 
digested  ammonium  tungstate  with  nitric  acid  (1:1)  and  a little  hydrochloric  acid  ; 
and  dissolved  the  thoroughly  washed  product  in  aq.  ammonia.  The  soln.  deposited 
crystals  of  ammonium  paratungstate.  After  several  repetitions  of  the  process,  the 
salt  was  digested  with  nitric  acid  ; evaporated  to  dryness  ; and  ignited.  The 
oxide  can  also  be  purified  by  conversion  into  the  oxychloride,  and  treatment  with 
acid — O.  Ruff,  M.  E.  Pennington  and  E.  F.  Smith,  and  C.  Friedheim  and 
R.  E.  Meyer. 

J.  Waddell  purified  tungsten  trioxide  by  fusing  the  crude  oxide  with  potassium 
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hydrosulphate  ; and  dissolving  the  cold  cake  in  water  to  remove  the  silica.  The 
filtered  soln.  was  fractionally  precipitated  by  adding  mercurous  nitrate.  The 
first  fractions  were  treated  with  aqua  regia,  and  the  resulting  hydrated  tungsten 
trioxide  fused  with  sodium  carbonate.  The  cold  mass  was  dissolved  in  water,  mixed 
with  enough  tartaric  acid  to  prevent  precipitation  when  the  soln.  was  acidified  with 
hydrochloric  acid.  A current  of  hydrogen  sulphide  precipitates  the  molybdenum 
but  not  the  tungsten.  The  filtered  liquid  was  then  boiled  with  an  excess  of  cone, 
hydrochloric  acid  to  precipitate  the  hydrated  tungsten  trioxide. 

R.  E.  Pearson  and  co-workers  described  an  electrolytic  process  of  reducing  the 
oxide — vide  molybdenum.  According  to  C.  H.  Fischer,  metals  which  form  insoluble 
sulphates  can  be  removed  by  dissolving  the  crude  tungsten  trioxide  in  about  twice 
its  weight  of  fused  potassium  hydroxide  mixed  with  lime  ; extracting  the  cold  mass 
with  water  ; and  treating  the  soln.  with  a large  excess  of  ammonium  sulphide  to 
precipitate  iron,  zinc,  etc.  The  tungsten  remains  in  soln.  as  polysulphide  ; it  is 
precipitated  as  sulphide  by  adding  hydrochloric  acid  ; the  precipitate  is  dried  and 
oxidized  by  roasting,  and  the  tungsten  trioxide,  thus  formed,  is  purified  by  dissolving 
in  potassium  hydroxide  soln.  and  reprecipitating  with  hydrochloric  acid.  Phosphorus 
and  arsenic  can  be  removed  from  the  soln.  of  sodium  tungstate  as  ammonium 
magnesium  phosphate  and  arsenate  by  oxidizing  the  soln.  with  sodium  hypochlorite  ; 
adding  magnesium  chloride ; boiling  the  liquid ; and  adding  ammonia  and 
ammonium  chloride  in  excess. 

Some  work  has  been  done  on  the  separation  of  molybdenum  and  tungsten. 
One  series  of  processes  is  based  on  the  fact  observed  by  H.  Rose.6  When  tartaric 
acid  is  added  to  the  sulphuric  acid  soln.  of  the  alkali  salts,  and  hydrogen  sulphide 
passed  into  the  liquid,  the  molybdenum  is  precipitated  as  sulphide,  while  the 
tungsten  sulphide  is  kept  in  soln.  by  the  tartaric  acid  (J.  Lefort,  and  J.  Waddell). 
In  another  series,  warm  sulphuric  acid  of  sp.  gr.  1-378  dissolves  the  molybdenum 
from  a mixture  of  the  freshly  precipitated  molybdenum  and  tungsten  trioxides 
(E.  D.  Desi,  M.  J.  Ruegenberg  and  E.  F.  Smith,  and  W.  Hommel).  In  a third  series, 
if  dry  hydrogen  chloride  be  passed  over  the  mixed  oxides  at  250°-270°,  the  molyb- 
denum oxychloride,  Mo03.2HC1,  is  alone  volatilized  (E.  Pechard,  and  H.  Debray). 
In  a fourth  series,  the  tungsten  is  precipitated  as  pentoxide  when  a soln.  of  stannous 
chloride  is  added  to  a boiling  soln.  of  sodium  tungstate  and  molybdate.  The 
molybdenum  remains  in  soln.  (B.  Mdivani,  and  E.  E.  Marbaker).  Sodium 
tungstate  free  from  molybdenum  was  prepared  in  the  following  manner  by 
C.  Friedheim  and  R.  Meyer  : 

Sodium  tungstate,  prepared  in  the  usual  way,  is  dissolved  in  cold  water,  and  to  the 
sat.  soln.  hydrochloric  acid  is  added  until  the  reaction  is  only  feebly  alkaline  ; the  para- 
tungstate  thus  obtained  is  crystallized  out,  and  once  recrystallized.  One  half  of  it  is 
dissolved  in  boiling  water,  and  hydrochloric  and  a little  nitric  acid  added  ; hydrated 
tungstic  acid  is  precipitated.  This  is  washed  thoroughly  with  hot  water  and  added  to  a 
boiling  soln.  of  the  other  half  of  the  paratungstate,  until  a portion  no  longer  gives  a precipi- 
tate with  hydrochloric  acid.  The  bulk  of  the  soln.  is  then  filtered,  hydrochloric  acid  is 
added,  and  the  soln.  is  boiled  and  repeatedly  sat.  with  hydrogen  sulphide.  This  precipi- 
tates the  molybdenum  as  sulphide,  whilst  the  metatungstate  is  not  attacked.  The  soln. 
is  filtered,  concentrated,  oxidized  with  a few  drops  of  bromine  water,  and  neutralized 
with  soda  ; pure  sodium  paratungstate  can  then  be  obtained  from  it  by  crystallization. 
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§ 4.  The  Preparation  of  Tungsten 

For  the  preparation  of  the  metal  of  a high  degree  of  purity,  the  oxide  is  reduced 
by  heating  it  in  a current  of  hydrogen.  This  method  was  used  by  J.  J.  Berzelius,1 
F.  Wohler,  F.  Jean,  J.  Waddell,  W.  Majert,  C.  W.  Davis,  C.  W.  Siemens  and 
A.  K.  Huntington,  C.  W.  Blake,  T.  Sington,  G.  Bessa,  L.  R.  Pratt,  C.  M.  Johnson, 
H.  N.  Warren,  E.  R.  Schneider,  J.  B.  von  Borck,  A.  Riche,  E.  Zettnow,  R.  F.  March- 
and,  Badische  Anilin-  und  Sodafabrik,  P.  Schwarzkopf,  E.  Ruhstrat,  C.  H.  Jones, 
H.  E.  Roscoe,  J.  Schilling,  E.  Thomson,  C.  W.  Davis,  J.  Philipp,  V.  I.  Spitzin, 
A.  Pacz,  etc.  G.  Chaudron  determined  the  conditions  of  equilibrium  in  the  system  : 
W03+3H2^W +3H20,  between  600°  and  1100°.  The  trioxide  passes  through 
various  intermediate  stages  before  it  is 


Fig.  2. — Equilibrium  between  Water,  Hydro- 
gen, Tungsten,  and  its  Oxides. 


reduced  to  metal ; there  is  yellow  W03  ; 
deep  blue  W205  ; and  chocolate-brown 
W02.  If  the  reduction  is  stopped  at 
intervals,  these  changes  in  colour  suc- 
ceed one  another  as  the  reduction  pro- 
ceeds. Thus,  at  400°,  the  greenish-blue 
product  has  the  approximate  compo- 
sition W03+W205 ; at  500°,  intense 
blue  W205  is  formed  ; at  550°,  dark 
blue  W205 ; at  575°,  purple-brown 
W205+W02;  at  600°,  chocolate-brown 
W02 ; at  650°,  brownish-black W02+W ; 
at  700°,  greyish-black  W ; at  800°,  grey  W ; at  900°,  metallic  grey  W ; and  at 
1000°,  coarse  metallic  W.  The  observed  values  of  the  constant  7fP=[H20]/[H2], 
corresponded  with  the  reactions  : H2+2W03^W205+H20,  for  which  J.  A.  M.  van 
Liempt  gave  log  Kx=— 2468r_1+3-15  ; H2+W205^2W02+H20,  for  which 
log  K^— — 817T- !-l-0-88 ; and  2H2+W02^W+2H20,  for  which  log  K3 

=— lllT-1-!- 0-845.  G.  Chaudron’s  values  of  log  K and  T~x  are  plotted  in  Fig.  2. 
The  results  were  confirmed  by  L.  Wohler  and  co-workers — vide  infra.  L.  Wohler 
and  R.  Gunther  gave  for  W03->W205,  log  1375T-1-f-2-235 ; for  W205->W02, 

log  K2=— 1000T-1 +1-218  ; and  for  W02— >W,  log  A3=— 1904T- i+1-554. 
W.  Reinders  and  A.  W.  Vervloet  could  not  obtain  satisfactory  values  for  K1  because 
VOL.  xi.  2 Y 
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the  composition  of  the  blue  oxide  obtained  varied  from  W : 0=1  : 2-20  to  1 : 2-95. 
H.  Alterthum  and  F.  Koref  studied  this  subject — vide  infra,  the  individual  oxides. 
G.  Chaudron  found  that  if  the  equilibrium  curves  are  extrapolated,  1 and  2 will 
intersect  at  a lower  temp.,  and  2 and  3 at  higher  temp.  Hence,  above  and  below 
these  points  there  must  be  equilibria  represented  by  W205+5H2^2W+5H20,  and 
W03+H2^W02+H20.  At  900°,  W02  is  stable  in  a mixture  of  40  to  55  per  cent, 
of  hydrogen,  and  60  to  45  per  cent,  of  steam,  while  W205  is  stable  in  a mixture  of 
12  per  cent,  of  hydrogen  and  88  per  cent,  of  steam.  J.  A.  M.  van  Liempt  prepared 
these  two  oxides  by  passing  hydrogen  through  water  at  85°  and  97°  respectively, 
in  order  to  obtain  the  correct  proportion  of  steam  in  the  gas,  and  then  over  a thin 
layer  of  tungsten  trioxide.  If  the  steam  be  removed  continuously  from  the  sphere 
of  the  reaction,  the  tungsten  trioxide  is  reduced  to  metal  provided  the  temp,  is  at 
least  700°.  At  lower  temp.,  the  time  required  is  too  long  to  be  practicable. 
G.  A.  Meerson  studied  this  subject  and  found  that  the  size  of  the  crystals  of  the 
trioxide  does  not  influence  the  size  of  the  crystals  of  tungsten. 

F.  Wohler,  and  W.  Majert  reduced  red-hot  acid  potassium  tungstate  in  a current 
of  hydrogen,  and  w-ashed  out  the  normal  tungstate  by  boiling  alkali-lye.  E.  Defacqz 
obtained  crystals  of  the  metal  by  heating  tungsten  disulphide  in  a current  of  dry 
hydrogen  ; L.  von  Uslar,  by  passing  a mixture  of  hydrogen  and  the  vapour  of  the 
oxychloride  WQC14  or  W02C12  through  a red-hot  tube  ; H.  E.  Roscoe,  by  passing 
a mixture  of  hydrogen  and  the  vapour  of  the  chloride  WC14  or  WC16  through  a tube 
at  about  420°  ; and  F.  Wohler,  by  passing  hydrogen  over  the  amide.  Other 
reducing  gases  may  be  used : thus,  C.  W.  Davis  found  that  a 2 hrs.’  reduction  by 
gasoline  vapour  at  1080°  yielded  a product  with  98  per  cent,  tungsten  ; J.  J.  Ber- 
zelius found  that  tungsten  trioxide,  heated  with  sodium  carbonate  on  charcoal 
in  the  inner  blowpipe  flame,  is  reduced  to  metal  ; and  E.  D.  Clarke  reported  that  he 
obtained  a copper-coloured  metal  by  heating  tungsten  trioxide  before  the  oxy- 
hydrogen  blowpipe  flame. 

J.  L.  Gay  Lussac  and  L.  J.  Thenard  reduced  tungsten  trioxide  to  tungsten  by 
heating  it  with  'potassium  or  sodium.  E.  Zettnow  heated  a mixture  of  tungsten 
trioxide  and  sodium  under  a layer  of  fused  sodium  chloride,  in  an  iron  crucible,  and 
extracted  the  cold  mass  with  water,  and  dil.  hydrochloric  acid  to  remove  the  alkali 
salts  and  iron.  A.  Riche  reduced  tungsten  hexachloride  to  metal  by  means  of 
sodium  ; and  J.  W.  Marden  used  a modification  of  the  process.  A.  Burger, 
A.  S.  Cachemaille,  and  H.  Kuzel  and  E.  Wedekind  reduced  tungsten  trioxide  by 
heating  it  in  an  evacuated  tube  in  the  vapour  of  calcium  ; and  washing  out  the 
calcium  oxide  by  dil.  nitric  acid.  K.  Kuzel  and  E.  Wedekind  used  this  process. 
L.  Weiss  and  A.  Martin  found  that  calcium  and  'L.  Weiss  and  0.  Aichel  that 
mischmetall  are  not  satisfactory  reducing  agents.  L.  Weiss  and  A.  _ Martin  used 
magnesium  as  a reducing  agent ; and  H.  Wright,  tin.  S.  M.  Delepine  reduced 
tungsten  trioxide  to  metal  by  means  of  powdered  zinc  at  a red-heat ; and  washing 
out  the  zinc  oxide  with  hydrochloric  acid,  and  the  unchanged  trioxide  by  dil. 
alkali-lye.  L.  Weiss  and  A.  Martin  obtained  99-8  per  cent,  tungsten  by  this  means. 
E.  Straub  obtained  alloys  by  passing  the  vapour  of  the  required  metal  over  heated 
tungsten  trioxide.  H.  Goldschmidt  found  that  tungsten  trioxide  is  easily  reduced 
by  aluminium  in  the  thermite  process.  An  intimate  mixture  of  the  trioxide  and 
powdered  aluminium,  contained  in  a crucible,  can  be  ignited  by  a fuse  of  sodium  or 
barium  dioxide  mixed  with  some  magnesium  powder.  As  a result,  an  alloy  of 
aluminium-tungsten  is  formed  and  it  dissolves  in  the  tungsten.  The  excess  of 
tungsten  trioxide  forms  an  aluminium  tungstate,  and  goes  into  the  slag.  0.  Voigt- 
lander  heated  the  mixture  of  tungsten  trioxide  and  aluminium  so  that  after  the 
reduction  the  temp,  is  high  enough  to  keep  the  tungsten  in  a molten  state.  The 
aluminium  reduction  process  was  discussed  by  H.  Goldschmidt  and  C.  Vautin, 
J.  W.  Marden,  G.  A.  Bcrcival,  (J.  R.  Schrocder,  H.  Lohmann,  G.  Bessa,  W.  C.  Blake, 
J.  L.  F.  Vogel,  N.  Branoic,  A.  Martin,  and  F.  Kupelwieser.  K.  Metzger  said  that 
the  yield  is  poor.  L.  Weiss  and  A.  Martin  found  that  the  product  has  93-36  per  cent. 
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of  tungsten,  1-75  per  cent,  of  silicon,  3-68  per  cent,  of  aluminium,  and  2-18  per  cent, 
of  calcium.  A.  Stavenhagen  used  one-third  the  vol.  of  liquid  air  to  ignite  the  mixture 
of  tungsten  trioxide  and  aluminium.  W.  Prandtl  and  B.  Bleyer  recommended  a 
mixture  of  calcium  and  aluminium  in  place  of  aluminium  alone.  A.  Stavenhagen 
and  E.  Schuchard  obtained  alloys  by  reducing  a mixture  of  the  oxides  with 
aluminium.  B.  Neumann  reduced  the  oxide  with  silicon;  and  F.  M.  Becket  found 
that  tungsten  trioxide  can  be  reduced  by  silicon  or  boron  when  the  mixture  is  heated 
in  an  electric  furnace. 

When  tungsten  trioxide  first  attracted  attention,  it  was  reduced  to  a metal 
by  heating  it  with  carbon  or  carbonaceous  matter.  J.  J.  and  F.  de  Elhuyar, 
L.  N.  Vauquelin  and  L.  Hecht,  C.  Hatchett,  W.  Allen  and  A.  Aikin,  G.  Bessa, 
D.  J.  Giles,  A.  Ruprecht,  H.  W.  Hutchin,  and  E.  Zettnow  used  this  method  ; while 
C.  F.  Bucholz,  F.  A.  Bernoulli,  and  J.  J.  Berzelius  thus  obtained  “ tungsten  ” by 
heating  a mixture  of  carbon  and  a tungstate.  H.  Krieg,  and  E.  Defacqz  obtained 
“ tungsten  ” directly  by  heating  a mixture  of  the  tungstate  ore  and  carbon.  Slightly 
less  than  the  theoretical  proportion  of  carbon — coke,  anthracite,  coal,  or  charcoal — 
required  for  reducing  the  trioxide  to  tungsten  and  carbon  monoxide,  is  intimately 
mixed  with  the  powdered  oxide.  The  mixture  is  charged  into  a crucible,  which  is 
then  covered,  and  heated  in  a furnace.  The  metal  remains  as  a fine  grey  powder 
mixed  with  coarser  crystals,  and  undecomposed  oxide.  The  coarse  crystals  are 
separated  by  washing  out  the  fine  particles  which  are  added  to  the  next  charge. 
F.  Filsinger  heated  a mixture  of  tungsten  trioxide  with  10  per  cent,  of  wood-charcoal, 
and  2 to  3 per  cent,  of  resin.  The  powdered  metal  is  separated  by  levigation.  It 
has  not  a high  degree  of  purity  ; it  contains  80  to  90  per  cent,  tungsten.  At  a 
temp,  of  950°,  M.  R.  Andrews  and  S.  Dushman  observed  that  tungsten  unites  with 
carbon,  forming  carbides  which  are  stable  up  to  2400°  ; in  consequence,  tungsten 
obtained  by  reduction  with  carbon  always  contains  some  carbide.  According  to 
C.  W.  Davis,  in  order  to  obtain  a satisfactory  reduction  of  tungsten  trioxide  to 
tungsten,  the  material  must  be  freed  from  water,  which  is  best  effected  by  a current 
of  air  at  about  500°.  On  .reducing  the  dried  oxide  wTith  carbon,  a blue  or  purple 
oxide  is  produced  at  650°  to  850°,  a chocolate-brown  mixture  of  oxides  at  900°  to 
1050°,  and  metallic  tungsten  above  1050°.  The  proportion  of  carbon  required  for 
the  reduction  ranges  from  1 : 10  to  1-6  : 10,  according  to  the  temp.,  time,  and  other 
conditions.  Excess  of  carbon  can  be  removed  to  a considerable  extent  by  washing 
the  product  with  water.  C.  J.  Butterfield  heated  a mixture  of  scheelite  and  charcoal 
in  a graphite  crucible  for  4 to  5 hrs.  at  1100°-1200°.  The  reaction  with  calcium 
tungstate  is  symbolized  : CaW04+3C=W+Ca0+3C0  ; and  with  sodium  tung- 
state : Na2W04-f  3C— W+Na20+3C0.  The  cold  mass  was  powdered,  and  the 
metal  separated  on  a shaking  table.  The  product  was  then  washed  with  dil.  hydro- 
chloric acid.  C.  J.  Head  mixed  finely  ground  sodium  tungstate  with  ammonium- 
chloride — or  any  chloride  of  the  iron  or  manganese  group,  and  a suitable  reducing 
agent — wood  charcoal,  anthracite,  or  preferably  sawdust — and  heated  the  mixture 
in  a nichrome  crucible  at  850°  to  950°  for  3 to  5 hrs.  until  all  the  ammonia  was 
expelled.  The  reaction  is  symbolized : 2NH4Cl+Na2W04+3C=2NH3-|-2NaCl 
+H20-1-3C0+W.  The  lower  half  of  the  charge  is  removed  and  heated  to  1000°  to 
1150°,  out  of  contact  with  air,  whereby  the  tungsten  trioxide  is  reduced  to  tungsten 
powder.  The  mass  is  quenched  in  water,  and  the  insoluble  tungsten  washed  in  the 
usual  way.  The  tungsten  can  be  recovered  as  calcium  tungstate  by  adding  calcium 
chloride  to  the  washing  liquid  ; the  ammonia  is  also  recovered.  H.  Moissan  reduced 
the  oxide  by  sugar-charcoal  in  an  electric  arc  furnace.  The  metal  is  readily  fused 
in  that  furnace,  but  if  the  heat  is  not  allowed  actually  to  melt  the  tungsten,  and  the 
tungsten  trioxide  be  in  excess,  the  metal  can  be  produced  in  a form  almost  free  from 
carbon.  The  ingot  so  obtained  is  fused  on  the  surface  but  the  interior  is  porous  ; and 
the  mass  touches  the  carbon  crucible  only  at  a few  points.  Consequently,  le  carbone 
du  creuset  n’intervient  pas,  and  the  excess  of  tungsten  trioxide  is  volatilized.  G.  Gin 
used  a similar  process,  and  added  that  there  is  a considerable  loss  of  tungsten  trioxide 
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by  volatilization.  H.  Lohmann  found  that  if  the  metal  be  heated  to  near  its  m.p.  in 
vacuo  or  in  a current  of  neutral  gas,  any  contained  carbon  is  vaporized  without 
oxidizing  or  reducing  agents  being  present.  E.  D.  Desi  said  that  at  a very  high 
temp,  'potassium  cyanide  reduces  tungsten  trioxide  to  the  silver-white  metal. 
H.  N.  Warren,  and  R.  Saxon  reduced  the  oxide  by  heating  it  with  calcium  carbide ; 
the  Electric  Furnaces  and  Smelters  Ltd.  reduced  the  oxide  by  a mixture  of  calcium 
carbide  and  silicide,  or  ferrosilicon.  L.  Kahlenberg  and  W.  J.  Trautmann  observed 
that  tungsten  trioxide  is  not  easily  reduced  when  heated  with  silicon  ; and  the 
tungstates  of  barium,  lead,  and  sodium  do  not  yield  the  free  metal  or  silicide — 
excepting,  perhaps,  the  case  of  barium  tungstate.  F.  M.  Becket  used  silicon  carbide 
as  reducing  agent.  J.  N.  Pring  and  W.  Fielding  found  that  tungsten  hexachloride  is 
reduced  by  carbon  at  1000°  to  1500°.  A.  E.  van  Arkel  found  that  the  thefmal 
dissociation  of  a gaseous  compound,  and  the  precipitation  of  the  metal  on  an  in- 
candescent filament  is  a superior  method  for  making  tungsten  of  a high  degree  of 
purity.  F.  Keref  recommended  heating  a filament  to  1000°  in  an  atm.  of  tungsten 
hexachloride  and  hydrogen  at  about  12  mm.  press.  ; and  Philips  Gloelampenfabriken 
heated  single  crystals  of  tungsten  in  an  atm.  of  the  hexachloride  at  1200°  to  2400°. 
In  the  one  case  the  wire  increased  in  volume.  If  an  iron  rod  is  used,  N.  Parravano 
and  C.  Mazzetti  found  that  an  alloy  of  tungsten  and  iron  is  formed.  0.  L.  Mills 
made  alloys  of  tungsten  by  fusing  in  an  electric  arc,  a mixture  of  the  compound  of 
the  metal  with  a mixture  of  tungsten  oxide,  tungsten,  and  tungsten  carbide. 

L.  and  H.  H.  Kahlenberg  added  zinc  to  a soln.  of  a tungstic  acid  or  tungsten 
trioxide  in  fused  sodium  and  potassium  chlorides,  and  obtained  a black  powder 
of  tungsten  ; the  action  of  aluminium  is  faster  than  that  of  zinc ; but  iron  pro- 
duces no  deposition  of  tungsten.  J.  Feree  distilled  mercury  from  the  amalgam 
and  obtained  the  finely-divided  metal.  G.  Arrivant  prepared  99-35  per  cent, 
tungsten  by  treating  a pulverized  tungsten  alloy,  containing  55  per  cent,  of 
manganese,  with  hydrochloric  acid.  C.  W.  von  Siemens  and  J.  G.  Halske  heated 
an  alloy  of  tungsten  with  some  other  metals  electrically,  in  vacuo,  and  found  that 
the  foreign  metals  distilled  off,  leaving  the  tungsten  behind. 

Early  in  the  nineteenth  century,  J.  G.  Children  2 reduced  tungsten  trioxide  by 
means  of  an  electric  current ; about  the  middle  of  the  nineteenth  century,  M.  Junot 
reduced  tungsten  electrolytically  from  a soln.  of  a tungstate  in  potassium  cyanide 
and  alkali  hydroxide  ; and  in  1867,  E.  Zettnow  electrolyzed  fused  sodium  tungstate 
and  obtained  a deposit  of  tungsten  on  the  iron  cathode.  The  metal  has  not  been 
obtained  satisfactorily  by  the  electrolysis  of  aq.  soln.  of  the  tungstates.  This  fact 
would  not  have  been  anticipated  from  the  ease  with  which  chromium,  a member 
of  the  same  family  of  elements,  can  be  deposited  from  aq.  soln.  E.  F.  Smith,  and 
W.  E.  Koerner  tried  electrolyzing  neutral  and  acidic 'soln.  of  sodium  tungstate, 
and  found  that  the  liquid  turns  blue  owing  to  the  formation  of  the  blue  hemi- 
pentoxide  which  collects  as  a precipitate  at  the  bottom  of  the  cell ; the  brown 
dioxide  may  also  be  formed.  No  metal  is  deposited.  0.  Collenberg  and  K.  Nilsson 
electrolyzed  cone,  oxalic  acid  soln.  of  potassium  tungstate  at  70°  with  various 
metal  cathodes.  They  found  that  with  a tin  or  lead  cathode,  the  reduction  does 
not  go  further  than  the  hemipentoxide  ; while  with  platinum  or  mercury  cathodes, 
the  reduction  does  not  proceed  so  far  as  the  hemipentoxide.  0.  Collenberg  and 
J.  Backer  failed  with  hydrochloric  acid  soln.  as  electrolytes ; L.  W.  McCay  and 
N.  H.  Furman  failed  with  hydrochloric  acid  soln.  ; and  A.  Fischer,  with  an  alcoholic 
soln.  of  tungsten  hexachloride.  The  Wolframlampen  A.G.  patented  the  electro- 
lysis of  a soln.  of  pertungstic  acid  or  its  salts  in  aq.  or  organic  solvents ; and  the 
electrolysis  of  soln.  of  the  salts,  say  tungsten  hexachloride,  in  suitable  organic 
solvents,  say  acetone.  The  subject  was  discussed  by  D.  B.  Keyes  and  S.  Swann. 
C.  A.  Mann  and  H.  O.  Halvorsen  observed  that  the  electrolysis  of  aq.  soln.,  or  of 
hydrochloric  acid  soln.  with  tungsten  electrodes,  gives  a surface  film  of  oxide  which 
makes  the  tungsten  passive  and  prevents  further  electrolysis.  When  a soln.  of  dry 
hydrogen  chloride  in  dry  alcohol  is  electrolyzed  with  a tungsten  anode,  tungsten 
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chloride  goes  into  soln.,  but  only  the  brown  oxide  is  deposited  on  the  cathode.  A 
soln.  of  hydrogen  chloride  in  pyridine  does  not  ionize  enough  to  produce  tungsten 
chloride,  and  no  deposit  is  obtained  on  the  cathode.  A.  Rosenheim  and  R.  F.  Bern- 
hardi-Grisson  found  that  with  a graphite  anode  and  platinum  cathode  with  alcoholic 
hydrogen  chloride  soln.  of  tungsten  trioxide,  the  reduction  proceeds  only  as  far  as 
the  quinquevalent  stage  ; and  with  hydrofluoric  acid  soln.,  and  a mercury  cathode, 
reduction  proceeds  as  far  as  the  quadrivalent  stage.  H.  Leiser  observed  that  no 
change  occurs  in  the  electrolysis  of  normal  sodium  tungstate,  but  with  the  meta- 
tungstate electrolytic  reduction  proceeds  as  far  as  the  blue  compound.  L.  and 
H.  H.  Kahlenberg  obtained  a good  deposit  by  the  electrolysis  of  a mixture  of  fused 
sodium  and  potassium  chlorides  if  less  than  one  part  of  tungsten  trioxide  to  two 
parts  of  fused  chlorides  is  present.  R.  E.  Pearson  and  E.  N.  Craig  said  that  tungsten 
is  formed  when  a direct  current  is  passed  through  a cell  with  pasty  tungsten  trioxide 
in  the  cathode  chamber,  and  sulphuric  acid  as  electrolyte.  B.  Neumann  and 
H.  Richter  obtained  small  deposits  of  tungsten  from  soln.  of  the  hexachloride  in 
glycerol  which  forms  a compound  containing  tungsten  ions. 

Better  results  have  been  obtained  by  the  electrolysis  of  fused  tungstates. 
J.  A.  M.  van  Liempt  found  that  the  alkali  tungstates  melt  without  decomposition 
between  750°  and  950°,  while  the  eutectic  mixture  of  lithium,  potassium,  and  sodium 
tungstates  melts  at  about  400°.  F.  M.  Jager  and  B.  Kapma  found  that  the  con- 
ductivity of  the  fused  salt  increases  with  temp.  L.  A.  Hallopeau  found  that  when 
molten  lithium  paratungstate  at  1000°  is  electrolyzed  at  3 amp.  and  15  volts,  the 
product,  after  extraction  with  hot  water,  cone,  hydrochloric  acid,  and  lithium 
hydroxide  soln.,  consists  of  crystalline  tungsten  which  is  contaminated  with  more  or 
less  platinum  derived  from  the  electrodes.  The  opaque  prismatic  crystals  have  the 
acicular  habit,  and  in  some  cases  contain  99-64  per  cent,  tungsten.  Iron  electrodes 
cannot  be  used  because  that  metal  dissolves  in  the  molten  tungsten.  J.  A.  M.  van 
Liempt  electrolyzed  fused  sodium  tungstate  at  950°,  in  a vitreous  silica  crucible, 
with  a current  density  of  15  amp.  per  sq.  cm.  The  yield  was  80  per  cent,  of  the 
theoretical.  The  tungsten  is  produced  by  the  reduction  of  the  molten  tungstate 
by  the  nascent  sodium  liberated  at  the  cathode  : 6Na+5Na2W04=W+4Na4W05. 
Pure  tungsten  is  obtained  so  long  as  the  mass  remains  neutral  or  weakly  alkaline. 
If  it  becomes  too  strongly  alkaline  the  tungsten  redissolves.  In  acid  fusions, 
reduction  of  W207  ions  by  the  sodium  occurs  with  the  formation  of  “ tungsten 
bronzes  ” of  the  type  M2(W03)re.  The  electrical  resistance  of  these  “ bronzes  ” 
decreases  rapidly  with  rise  of  temp,  owing  to  the  gradual  liberation  of  tungsten. 
The  anode  reaction  is  W04"-[-Na2W04=Na2W2074-0-502.  When  unattackable 
electrodes  are  used  in  a cell  without  a diaphragm,  the  products  of  these  electrode 
reactions  react,  making  the  mass  alkaline : 4Na4W05+3Na2W207— 10Na2W04 
-f-Na20.  The  electrolysis  may  be  made  continuous  under  these  conditions  by 
gradually  adding  tungsten  trioxide.  In  the  presence  of  W04'',  a tungsten  anode  is 
oxidized,  the  oxide  dissolving  to  keep  the  fused  mass  neutral.  Tungsten  may  be 
deposited  in  an  adhesive,  polishable  layer  on  copper,  nickel,  or  cobalt  by  using 
these  metals  as  cathodes  in  the  electrolysis  of  fused  acid  tungstates  at  1000°. 
Lithium  acid  tungstates  give  the  best  results.  Repeated  layers  of  tungsten  may 
be  thus  deposited  if  the  surface  layers  of  “ tungsten  bronzes  ” are  removed  between 
each  electrolysis.  The  tungsten  is  formed  by  the  decomposition  of  “ tungsten 
bronzes  ” primarily  deposited.  According  to  L.  Weiss  and  A.  Martin,  tungsten 
trioxide  may  be  readily  electrolyzed  if  it  be  fused  with  cryolite,  and  a current  of 
250  amp.  and  13  to  14  volts  be  employed.  The  globules  of  metal  contain  96  per 
cent,  of  tungsten.  In  order  to  raise  the  temp,  of  the  bath,  alumina  may  be  added, 
but  the  aluminium  which  is  then  liberated  reacts  with  the  tungsten  trioxide,  forming 
tungsten  in  a fine  state  of  subdivision.  In  the  electrolysis  of  fused  barium  tung- 
state with  a current  of  250  amp.  at  20  volts,  the  resulting  metal  powder,  after  wash- 
ing many  times  with  dil.  nitric  acid,  water,  and  aq.  ammonia,  contains  89-58  per 
cent,  of  tungsten,  and  2-54  per  cent,  of  barium.  If  barium  chloride  be  also  added 
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to  the  electrolyte,  90’98  per  cent,  tungsten  was  obtained  and  it  had  1 -99  per  cent, 
of  barium.  Another  process  was  described  by  E.  W.  von  Siemens  and  J.  G.  Halske. 
J.  A.  M.  van  Liempt  coated  metals  with  tungsten  by  placing  a tungsten  anode  in  a 
porcelain  crucible  containing  lithium  tungstate,  and  the  body  to  be  coated  as 
cathode.  A current  density  of  75  milliamperes  per  sq.  cm.  is  used  at  0-08  volt. 
If  the  coating  does  not  adhere  readily  to  the  metal,  the  metal  is  first  coated  with 
another  suitable  metal- — e.g.  iron  is  coated  with  copper.  L.  Andrieux  obtained  the 
metal  by  the  electrolysis  of  fused  borates. 

C.  A.  Mann  and  H.  0.  Halvorsen  obtained  a deposit  on  iron  when  fused  lithium 
chloride  is  used  as  an  electrolyte,  with  a tungsten  anode  and  an  iron  cathode  ; 
H.  Mennicke  also  obtained  a deposit  with  fused  sodium  and  tungsten  chlorides  as 
electrolyte  and  a tungsten  cathode.  L.  and  H.  H.  Kahlenberg  electrolyzed  soln. 
of  tungstic  acid  or  tungsten  trioxide  in  fused  alkali  chlorides,  and  in  fused  sodium 
tungstate,  and  obtained  smooth  deposits  of  tungsten.  They  said  that  the  electro- 
lysis of  tungstic  acid  dissolved  in  a fused  mixture  of  sodium  and  potassium  chlorides 
yielded  good  deposits  of  very  pure  tungsten  when  the  ratio  of  tungstic  acid  to  fused 
chloride  was  less  than  1 : 2 ; a blue  crystalline  tungsten  bronze,  Na20.W4014,  was 
obtained  when  the  ratio  was  1 : 1 ; a red  bronze,  2Na20.W5013,  when  the  ratio  was 
3:5;  and  a violet-bronze,  when  the  ratio  was  4 : 5.  From  soln.  of  tungstic  acid  in 
fused  chlorides,  zinc  and  aluminium  liberated  very  finely-divided  metallic  tungsten, 
whereas  iron  had  no  action  ; excess  of  zinc  or  aluminium  yielded  alloys  of  these 
metals  with  tungsten.  Nickel-tungsten  alloys  were  obtained  by  electrolysis  of 
mixtures  of  nickel  chloride,  alkali  chloride,  and  tungstic  acid.  L.  Andrieux  obtained 
the  metal  by  the  electrolysis  of  a soln.  of  the  trioxide  in  fused  borate  and  fluoride. 
L.  St.  C.  Broughall  electrolyzed  a soln.  of  a tungsten  salt  in  liquid  ammonia  at  a 
low  temp,  or  high  press.  J.  Feree  obtained  tungsten  by  the  electrolysis  of  a hydro- 
fluoric acid  soln.  of  the  trioxide,  using  a mercury  cathode  ; and  K.  S.  Jackson  and 
co-workers  found  that  best  conditions  are  to  use  a 4-6Ar-acid  at  95°,  and  a current 
density  of  0-65  to  1-0  amp.  per  sq.  cm.  Hydrochloric  and  sulphuric  acids  should 
not  be  present  in  the  electrolyte. 

According  to  J.  J.  Runner  and  M.  L.  Hartmann,3  90  per  cent,  of  the  tungsten 
extracted  from  ores  is  employed  in  the  preparation  of  ferrotungsten  containing  50 
to  85  per  cent,  tungsten.  R.  M.  Keeney  described  the  preparation  of  the  alloy  by 
the  reduction  of  tungsten  ores  by  carbon  in  crucibles — vide  supra — prior  to  the 
introduction  of  the  electric  furnace  about  1900.  The  reduction  of  the  ores  by  the 
aluminium  thermite  process — vide  supra — has  also  been  employed.  A.  J.  Rossi 
reduced  ferberite  with  aluminium  in  an  electric  furnace  obtaining  an  alloy  with 
75-9  per  cent.  W ; 21-4,  Fe  ; 1-6,  Si;  0-08,  S ; and  0-9,  C.  G.  Gin  produced  ferro- 
tungsten by  reducing  scheelite  or  artificial  calcium  tungstate  by  20  per  cent, 
ferrosilicon  in  an  electric  furnace  having  two  contiguous  hearths  in  series,  with 
ferrosilicon  electrodes,  and  an  intermediate  electrode  of  fused  ferrosilicon.  The 
scheelite  is  placed  on  the  melted  bath  of  ferrosilicon,  and  the  silicon  oxidizes  at  the 
expense  of  the  tungsten  trioxide,  and  forms  a slag  ; the  iron  forms  ferrotungsten. 
A common  method  of  producing  ferrotungsten  is  to  reduce  the  ore  wolframite, 
ferberite,  and  hubnerite  in  an  electric  furnace  with  carbon.  The  manganese 
either  volatilizes  or  passes  into  the  slag.  The  product  usually  contains  more 
carbon  than  is  desired  in  ferrotungsten  for  steel  making,  and  it  is  therefore 
decarburized. 

The  decarburization  process  described  by  D.  A.  Lyon  and  co-workers,  and 
R.  M.  Keeney  involves  heating  the  metal  in  the  electric  furnace  in  the  presence  of 
tungsten  trioxide,  hammer  scale,  or  iron  oxide.  In  this  way^  the  carbon  can  be 
reduced  to  0-15  per  cent.  The  oxidation  of  carbon  by  iron  oxide  entails  losses  as 
iron  tungstate,  but  this  loss  can  be  reduced  by  adding  silica,  which  results  in  the 
formation  of  ferrous  silicate.  G.  Gin  recommended  casting  the  carburized  tungsten 
in  the  form  of  electrodes,  which  are  used  with  a soft  steel  intermediate  electrode. 
The  bath  above  the  metal  is  of  tungsten  oxide  and  magnesium  aluminate.  The 


TUNGSTEN 


695 


electrodes  melt,  and  their  carbon  is  burnt  out  by  the  tungsten  oxide.  A.  Lederer 
reduced  the  carbon  content  of  tungsten  from  2-5  to  0-04  per  cent,  by  heating  the 
metal  in  dry  hydrogen  to  1200°  to  1300°  ; the  Vereinigte  Gluhlampen  A.G.  recom- 
mended using  a mixture  of  hydrogen  sulphide  and  hydrogen ; the  Zirkon 
Gliihlampenwerke  A.G.  employed  phospham ; and  E.  W.  von  Siemens  and 
J.  G.  Halske  heated  the  metal  electrically  in  acetic  acid  vapour.  F.  M.  Becket 
dephosphorized  the  metal  by  feeding  the  solid  metal  in  a finely-divided  state  on  to 
the  surface  of  a molten  basic  oxidizing  bath — say  scheelite  and  lime — at  a temp, 
equal  to  or  .above  the  m.p.  of  the  ferrotungsten.  E.  W.  von  Siemens  and 
J.  G.  Halske  discussed  the  removal  of  oxides  from  the  metal. 

Ductile  tungsten. — -In  connection  with  the  manufacture  of  incandescent  filament 
lamps,4  the  good  results  with  tantalum  filaments  stimulated  the  examination  of 
the  scarcer  metals,  and  tungsten,  in  its  turn,  was  tried.  The  tungsten  produced  at 
that  time  was  so  hard  and  brittle  that,  unlike  tantalum,  it  could  not  be  drawn  into 
filaments.  The  filaments  were  therefore  prepared  by  a process  of  squirting  similar 
to  that  employed  in  preparing  carbon  filaments.  The  powdered  metal  mixed  with 
some  binding  agent — gum,  gelatine,  a soln.  of  nitrocellulose  in  amyl  acetate,  pinene 
hydrochloride,  etc. — was  squirted  through  a die,  dried,  and  heated.  The  tungsten 
powder  was  also  mixed  with  cadmium  amalgam,  and  after  squirting  through  a die, 
the  cadmium  and  mercury  were  removed  by  volatilization.  The  colloidal  metal 
was  also  tried  as  a source  of  tungsten  for  manufacturing  filaments.  Here  no 
binding  agent  is  required.  Filaments  have  also  been  made  by  the  Wolframlampen 
A.G.,  and  A.  Just  and  F.  Hanaman  by  introducing  a glowing  metal  or  carbon 
filament  in  an  atm.  of  tungsten  oxychloride,  W02C12  or  W0C14,  and  an  excess  of 
hydrogen.  Tungsten  is  thus  deposited  on  the  filaments- — e.g.  according  to  the 
conditions,  the  carbon  may  be  wholly  or  partially  replaced,  W02C12-|-2C-|-H2 
=2HC1+2C0+W ; or  W02C12+ 3H2=2HC1+2H20+W— and  the  filament  thus 
consists  of  a core  of  metal  or  carbon  enclosed  in  a tube  of  tungsten. 

The  tungsten  filaments  prepared  by  these  processes  were  strong  and  elastic, 
but  were  incapable  of  taking  the  slightest  permanent  set  when  cold,  although  they 
were  ductile  at  a very  high  temp.  The  ductility  of  tungsten  was  shown  by 
W.  D.  Coolidge  5 to  be  conditioned  by  the  purity  of  the  metal.  According  to 
0.  Ruff,  the  metal  must  be  entirely  free  from  oxide  ; iron  and  nickel  and  non- 
metallic  impurities  like  sulphur,  and  phosphorus  must  be  entirely  absent ; and  it 
should  not  contain  more  than  about  0-1  per  cent,  of  carbon.  Before  working,  the 
metal  should  be  sintered  almost  to  the  m.p.  in  order  to  obtain  it  in  as  dense  a 
condition  as  possible.  The  British  Thomson-Houston  Co.  obtained  ductile  tungsten 
by  working  a heated  body  of  coherent  tungsten  so  as  to  transform  the  metal  by 
repeated  rolling,  hammering,  swaging,  or  drawing  into  a form  which  shows  a 
conchoidal  fracture  and  ultimately  becomes  very  fibrous.  C.  J.  Smithells,  and 
others  have  described  the  essential  details  of  the  process.  The  powder  is  first 
pressed  into  briquettes  ; this  is  then  heated  in  hydrogen  at  900°  to  1050°  to  sinter 
the  powder  ; then  formed  by  heating  it  in  hydrogen  to  nearly  its  m.p.  ; it  is  then 
worked  into  a rod  by  mechanical  hammering  called  “ swaging  ” ; and  after  that  it 
is  drawn  successively  through  smaller  and  smaller  dies,  at  400°  to  650°,  until  the 
wire  has  the  required  diameter.  The  draw-plate  is  lubricated  with  a mixture  of 
deflocculated  graphite  and  water.  The  wires  appear  blue-black  owing  to  the 
surface  coating  of  oxide  and  graphite  ; and  they  are  cleaned  by  being  electrically 
heated  to  dull  redness  in  an  atm.  of  hydrogen  ; or  by  treating  the  wire  with  a hot 
soln.  of  soda-lye,  sodium  dioxide,  hydrogen  dioxide  and  ammonia. 

P.  Schwarzkopf  and  S.  Burgstaller  obtained  ductile  tungsten  by  the  method 
indicated  in  connection  with  ductile  molybdenum.  The  addition  of  less  than  one 
per  cent,  of  thoria  to  the  tungsten  trioxide  before  the  reduction  was  shown  by 
Westinghouse  Metallfaden-Gliihlampenfabrik  to  make  the  product  more  ductile — 
possibly,  according  to  Z.  Jeffries,  and  F.  A.  Fahrenwald,  by  preventing  recrystalliza- 
tion. The  filaments  in  use  are  liable  to  recrystallize  and  revert  to  their  original  hard, 
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brittle  condition.  This  shows  itself  by  irregular  thickenings.  A.  Lederer  said 
that  the  thickenings  are  longitudinal  when  a direct  current  is  used,  and  with  an 
alternating  current  there  is  a kind  of  sliding  motion  between  adjacent  parts  of  the 
filament  which  results  in  fracture.  These  defects  are  alleviated  by  using  an  alloy 
of  tungsten  with  one  of  the  rare  metals  instead  of  tungsten  alone.  The  thorium 
oxide-tungsten  filaments  were  studied  by  W.  Geiss  and  J.  A.  M.  van  Liempt. 

J.  Feree  6 prepared  pyrophoric  tungsten  by  the  distillation  of  mercury  from 
tungsten  amalgam.  H.  Kuzel  obtained  colloidal  tungsten  by  treating  it  alternately 
with  dil.  soln.  of  acid  and  neutral  reagents.  10  kgrms.  of  the  metal  were  heated 
for  24  to  48  hrs.  with  75  kgrms.  of  15  per  cent,  hydrochloric  acid,  well  agitated, 
decanted,  and  washed  with  distilled  water,  until  some  colloidal  metal  began  to 
pass  into  the  filtrate.  The  metal  was  then  treated  for  24  hrs.  with  75  kgrms.  of  a 
one  per  cent.  soln.  of  potassium  cyanide,  washed  with  distilled  water,  and  heated 
with  75  kgrms.  of  a one  per  cent.  soln.  of  ferrous  sulphate.  After  washing  to 
remove  the  iron  salts,  the  residue  is  treated  with  a 2 per  cent,  alcoholic  soln.  of 
monomethylamine,  or  a 0-5  per  cent.  soln.  of  sodium  hydroxide.  When  the  process 
is  repeated  several  times,  the  metal  is  almost  completely  peptized  in  distilled  water. 
H.  Schulze  employed  an  analogous  method  of  dispersion  in  1885.  The  process  was 
discussed  by  E.  D.  Desi,  J.  Pintsch,  A.  Pacz,  F.  J.  Planchon,  A.  Lottermoser  and 
W.  Riedel,  and  E.  W.  von  Siemens  and  J.  G.  Halske.  A.  Lottermoser  discussed 
the  colloidal  content  of  tungsten  powder.  J.  Billitzer  obtained  the  colloidal  metal 
by  making  an  electric  arc  between  tungsten  electrodes  under  water.  T.  Svedberg 
prepared  the  isobutylalcosol  by  the  electric  dispersion  method — 3.  23,  10 — and 
C.  H.  von  Hoessle  prepared  hydrosols  by  electric  dispersion.  L.  Hamburger  studied 
the  properties  of  thin  films. 

The  term  single  crystal,  or  unicrystal,  is  applied  to  a wire  or  rod  the  whole  of 
which  is  composed  of  one  crystal.  The  term  is  not  usually  applied  to  the  isolated 
crystals,  say,  when  tungsten  is  deposited  from  its  vapour.  One-crystal  wires 
were  studied  by  G.  Tammann,7  J.  Czochralsky,  B.  Duschnitz,  I.  Tarjan  and 
P.  Tary,  Z.  Jeffries,  J.  Pintsch,  and  H.  C.  H.  Carpenter  and  C.  F.  Elam.  Single 
crystals  of  tungsten  wire  were  prepared  in  1914  by  J.  Pintsch  by  drawing  the  ordinary 
squirted  tungsten  filament,  containing  a little  thoria,  through  a zone  raised  to  2000° 
to  2200°  in  an  atm.  of  hydrogen,  and  at  a rate  of  about  3 metres  per  hour.  The 
process  was  modified  by  F.  S.  Goucher,  and  R.  Jacoby.  The  diameter  of  the  single 
crystals  of  tungsten  was  increased  by  F.  Koref,  by  glowing  the  wire  in  the  vapour 
of  tungsten  hexachloride  in  the  presence  of  hydrogen:  WC16=W+3C12,  and 
WC16+3H2=W+6HC1.  The  tungsten  forms  an  adherent  deposit  on  the  wire,  and 
as  growth  proceeds,  the  wire  assumes  a crystalline  contour — four-,  six-,  or  eight- 
sided— depending  on  the  orientation  of  the  crystal  with  respect  to  the  axis  of  the 
wire.  When  the  diameter  of  the  wire  has  been  increased  3 or  4 times,  any  further 
deposition  results  in  the  formation  of  new  crystals  with  a different  orientation. 
The  microscope  and  the  X-radiograms  show  that  the  structure  of  the  deposit  is 
identical  with  that  of  the  original  crystal.  The  subject  was  investigated  by 

H.  Fischvoigt  and  F.  Koref,  and  by  A.  E.  van  Arkel.  J.  A.  M.  van  Liempt  also 
developed  a method  of  increasing  the  diameter  of  single  crystals  by  electro- 
deposition from  acid  lithium  tungstate. 
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§ 5.  The  Physical  Properties  of  Tungsten 

The  colour  of  the  metal  prepared  by  J.  J.  and  F.  de  Elhuyar,1  by  the  carbon 
reduction  process,  is  steel-grey,  with  a strong  metallic  lustre.  If  slowly  reduced 
at  a high  temp,  the  powder  is  coarse-grained,  and  grey,  but  if  reduced  slowly 
at  a low  temp.,  it  is  fine-grained  and  black  (F.  Wohler,  J.  J.  Berzelius,  H.  E.  Roscoe, 
and  M.  E.  Pennington  and  E.  F.  Smith).  C.  W.  Siemens  and  A.  K.  Huntington 
said  that  the  metal  which  has  been  fused  is 
white  and  brittle,  with  a very  close  grain. 

The  metal  as  prepared  by  F.  Wohler,  by 
hydrogen  reduction,  is  a silver-grey  or  tin- 
white  powder.  H.  von  Wartenberg  said  that 
the  purified  metal  has  the  colour  of  highly 
polished  platinum ; and  L.  Weiss  added 
that  it  has  a colour  resembling  that  of 
mercury.  C.  J.  Smithells  and  H.  P.  Rooksby 
observed  that  the  microstructure  of  a sample 
of  tungsten  showed  small  grains  with  sub- 
boundaries having  a nearly  uniform  orientation  in  each  crystal ; these  sub- 
boundaries are  formed  under  the  influence  of  stresses  formed  during  the  rapid  cool- 
ing of  the  metal.  E.  Zettnow  said  that  the  powder  consists  of  tabular  crystals 
which  are  probably  tetragonal  prisms,  but,  as  was  shown  by  P.  Debye,  the  crystals 
are  cubic.  This  is  proved  by  the  interference  figures  and  the  X-radiograms.  The 
space-lattice  is  a body  centred  cube,  Fig.  3 ; the  length  of  the  edge  of  the  cube  is 
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a=3-18xl0~8  cm. ; A.  W.  Hull  gave  3-272  A. ; and  W.  P.  Davey  gave  a=3-155  A. 
The  distance  of  closest  approach  of  the  atoms  is  2-732  x 10~ 8 cm. ; and  if  the  at.  wt. 
is  184,  the  calculated  density  is  19-32,  which  approaches  the  highest  observed  values. 
A.  E.  van  Arkel,  F.  Skaupy,  K.  Becker,  E.  Schmid,  T.  Fujiwara,  H.  C.  Burger, 
W.  Herme-Rothery,  J.  Leonhardt,  W.  Rosenhain,  J.  Hengstenberg,  and  R.  Gross  and 
N.  Blassmann  studied  this  subject.  F.  S.  Goucher  found  that  between  ordinary 
temp,  and  the  m.p.,  no  change  occurs  in  the  space-lattice  except  that  due  to  thermal 
expansion  ; so  that  there  is  no  evidence  of  an  allotropic  form  of  tungsten.  The 
powder,  spluttered  films,  and  worked  tungsten  have  all  the  same  lattice  structure 
— vide  infra,  tensile  strength.  A.  E.  van  Ajkel,  F.  S.  Goucher,  J.  Hengstenberg  and 
H.  Mark,  W.  G.  Burgers,  H.  C.  Burger,  and  E.  Schiebold  discussed  the  deformation 
of  the  lattice  by  mechanical  action — vide  infra — and  W.  Braunbek,  by  raising  the 
temp.  J.  A.  M.  van  Liempt,  and  F.  Koref  and  H.  Wolfl  observed  no  measurable 
difference  respectively  in  the  heats  of  combustion,  and  from  the  heats  of  dissolution 
of  worked  and  unworked  tungsten.  W.  Geis  and  J.  A.  M.  van  Liempt  calculated 
an  increased  energy  content  of  775  cals,  per  gram-atom  of  tungsten  by  cold  working 
of  the  metal.  They  observed  no  evidence  of  a compression  of  the  space-lattice  by 
compression  or  rolling,  and  concluded  that  the  phenomenon  is  physical  and  has  to  do 
with  electrons  ; it  is  not  a question  of  structure  or  of  crystallography.  G.  Tammann 
and  M.  Straumanis,  T.  Fujiwara,  and  M.  Ettisch  and  co-workers  discussed  the 
structure  of  hard-drawn  tungsten  wires.  The  cleavage  is  about  the  (lOO)-plane, 
but  the  slip  planes  on  deformation  are  the  (112) -planes — Fig.  3.  E.  Sutter  obtained 
over-growths  with  iron.  A polished  section  of  wire  or  rod  does  not  show  the 
crystalline  structure,  but  inclusions  like  thoria  are  visible.  J.  Leonhardt  studied 
the  crystal’s  structure.  The  metal  is  most  rapidly  attacked  by  etching  reagents 
on  the  (112)-plane,  and  the  corrosion  figures,  as  shown  by  B.  Schmidt,  R.  Gross 
and  N.  Blassmann,  and  C.  J.  Smithells,  differ  from  those  obtained  with  metals  like 
iron,  which,  although  having  the  same  lattice  structure,  etch  most  readily  on  the 
(lOO)-planes,  and  show  cubic  etch-pits.  The  grain  structure  readily  appears  when 
the  polished  surface  is  etched  for  \ to  10  minutes  with  boiling  3 per  cent,  hydrogen 
dioxide ; with  a cold  soln.  of  equal  vols.  of  10  per  cent,  sodium  hydroxide  and 
30  per  cent,  potassium  ferrocyanide  ; or  with  a hot  soln.  of  hydrofluoric  and  nitric 
acids  and  water  (3:1:4).  Electrolysis  etching  is  more  difficult  to  control. 
R.  Gross  and  co-workers  found  that  when  a hollow  tungsten  cylinder,  in  which 
the  direction  of  the  crystallographic  axis  was  constant  throughout,  was  etched 
with  an  alkaline  soln.  of  potassium  ferrocyanide,  six  equal  faces  were  developed 
on  the  interior,  and  six  on  the  exterior  of  the  cylinder.  The  interior  faces  were 
Bet  at  30°  to  the  adjacent  exterior  faces.  This  relative  position  is  in  accordance 
with  the  rule  that  the  exterior  faces  developed  on  an  etched:  cylinder  are  the  planes 
of  maximum  soln.  velocity,  those  on  the  interior  the  planes  of  minimum  velocity. 

When  the  temp,  of  a pressed  ingot  of  tungsten  is  raised  by  the  passage  of  an 
electric  current,  no  change  in  grain-size  occurs  below  1000°-1050° ; above  that 
temp.,  the  average  grain-size  increases,  and  the  sp.  gr.  of  the  ingot  increases, 
until,  for  a given  temp.,  equilibrium  is  attained,  and  no  appreciable  change  in 
structure  takes  place.  The  equilibrium  grain-size  is  larger  the  higher  the  temp., 
and  equilibrium  is  apparently  reached  in  about  15  minutes.  According  to 
H.  Alterthum,  true  equilibrium  should  not  be  attained  until  the  ingot  consists  of 
one  crystal ; and  if  the  period  of  heating  be  sufficiently  prolonged  at  temp,  a little 
below  the  m.p.,  this  state  is  nearly  attained.  The  time  required  to  form  the  nuclei 
of  crystals  decreases  rapidly  as  the  temp,  is  raised.  Thus,  at  3000°,  the  time 
required  for  the  formation  of  nuclei  is  180  min. ; at  3100°,  110  min. ; and  at  3200°, 
45  min.  S.  Ohashi  found  the  relation  between  the  temp.,  9°,  of  crystallization  and 
the  time,  t,  of  heating  for  the  recrystallization  of  single  crystal  wires  of  tungsten 
is  0=1250—250  log  t.  Z.  Jeffries  and  R.  S.  Archer  gave  1200°  for  the  lowest  temp, 
of  recrystallization.  According  to  G.  A.  Meierson,  the  growth  of  crystals  of 
tungsten  does  not  commence  below  1200°  if  the  powdered  metal  be  heated  in  a 
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stream  of  dry  hydrogen.  Should  the  latter  contain  moisture,  growth  commences 
at  1050°,  and  is  accompanied  by  loss  in  weight  of  the  sample.  These  effects  are 
due  to  the  formation  of  tungsten  dioxide,  which  is  volatile  at  1050°.  This,  on  being 
reduced,  deposits  tungsten  on  the  crystals.  Similarly,  the  formation  of  large 
crystals  of  tungsten  in  the  reduction  of  tungstic  anhydride  is  due  to  the  volatility 
of  the  oxides  W03  and  W205,  which  assumes  measurable  proportions  at  850°  and 
900°,  respectively.  Where  tungsten  is  prepared  by  the  reduction  of  the  trioxide 
the  magnitude  of  the  crystals  of  the  latter  has  no  influence  on  that  of  the  product. 
Similarly,  it  is  possible  to  prepare  large  crystals  of  dioxide  by  slow  reduction  of 
trioxide  at  an  appropriate  temp. 

The  ingot  is  not  uniformly  heated  by  the  electric  current.  Z.  Jeffries,  and 
C.  J.  Smithells  have  shown  that  there  may  be  a difference  of  150°  between  the 
centre  and  the  surface,  and  between  the  middle  portion  and  the  ends  fitted  with 
water-cooled  contacts.  The  largest  crystals  are  produced  at  the  lowest  temp, 
capable  of  producing  exaggerated  growth  ; the  average  grain-size  of  the  metal 
decreases  as  the  temp,  rises.  Hence,  also,  since  the  rate  of  growth  increases  rapidly 
with  temp.,  larger  grains  are  formed  in  the  centre  of  the  ingot  than  in  the  outer 
layers  ; and  the  large  grains  absorb  their  smaller  neighbours.  Exaggerated  growth 
occurs  from  about  2500°  to  2800° ; below  this  range  of  temp.,  the  ingot  remains 
fine-grained — Fig.  4 ; and  above,  grain  growth  occurs  throughout  the  metal  without 
any  marked  contrast  developing.  Z.  Jeffries  found  that  this  effect  is  exaggerated 
when  there  is  any  obstruction  to  the  growth 
of  the  grains.  For  example,  the  presence  of, 
say,  0*75  per  cent,  of  thoria,  increases  the 
differences  in  the  grain-size  by  restraining  the 
growth  of  the  small  grains,  while  the  large 
grains  grow  around  and  include  the  obstruc- 
tion. F.  Sauerwald  observed  that  the  growth 
of  the  grains  of  loose  tungsten  powder  under 
its  own  weight  occurs  at  about  2500°,  the 
exact  temp,  depends  upon  the  size  of  the 
grains,  and  on  the  magnitude  of  the  press. 

Thus,  grain-growth  can  be  detected  at  950° 
with  powder  of  0-6/x  average  diameter,  and  with  3 p.  diameter  grain-growth 
occurs  70°  higher.  With  a 0-6 ft  powder,  grain-growth  occurs  at  1200°  with  a 
press,  of  10  tons  per  sq.  in. ; at  1050°,  with  a press.  2|  times  as  great ; and  at 
900°,  with  a press.  4 times  as  great.  The  cause  of  the  growth  of  the  grains  is 
attributed  to  a reduction  in  the  surface  energy  when  the  grain-size  increases ; 
the  finer  the  particles,  the  more  readily  do  the  grains  grow,  and  this  is  favoured 
by  the  greater  the  number  of  contacts  with  fine  grains  than  with  coarse  ones. 
Z.  Jeffries  and  R.  S.  Archer  gave  1200°  for  the  recrystallizing  temp,  of  tungsten. 
The  subject  was  studied  by  J.  A.  M.  van  Liempt.  M.  Ettisch  and  co-workers 
found  that  the  crystallites  in  soft  wires  are  irregularly  arranged,  and  in  hard 
wires  regularly.  The  subject  was  discussed  by  C.  J.  Smithells  and  co-workers, 
F.  Sauerwald,  W.  G.  Burgers,  and  H.  P.  and  W.  P.  Davey.  T.  Fujiwara  found 
that  when  the  crystals  of  tungsten  are  deposited  by  the  action  of  steam  on 
polycrystalline  and  unicrystalline  tungsten  rods  heated  in  moist  hydrogen,  the 
crystals  formed  on  polycrystalline  rods  were  rhombic  dodecahedra  with  the  (110)- 
faces  sometimes  appearing  as  hexagonal  prisms,  and  some  of  the  crystals  were 
laminated.  In  the  case  of  unicrystalline  rods,  the  crystals  on  the  etched  surface 
had  the  same  orientation  as  the  parent  crystal  to  which  they  were  united  by  a 
(llO)-plane. 

The  early  determinations  of  the  specific  gravity  of  tungsten  were  too  low,  no 
doubt  owing  to  the  impurity  of  the  metal.  For  instance,  J.  J.  and  F.  de  Elhuyar  2 
gave  17-6  ; C.  F.  Bucholz,  17-4 ; W.  Allen  and  A.  Aiken,  17-22 ; F.  A.  Bernoulli, 
17-1  to  18-2 ; E.  Zettnow,  17-20  to  18-4  at  17-5° ; .L.  von  Uslar,  16-54  to  18-26 


Fig.  4. — The  Effect  of  Temperature 
on  the  Grain-size  of  Tungsten. 
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at  21° ; A.  Riche,  17*2  ; and  H.  E.  Roscoe,  19*129  at  17°/4°.  Among  the  more 
recent  determinations,  G.  Arrivant  gave  15-8  ; J.  Waddell,  18-5  ; L.  A.  Hallopeau, 

18- 68  at  0°  ; H.  Moissan,  18-7  ; M.  E.  Pennington  and  E.  F.  Smith,  18-64  at  0° ; 
E.  F.  Smith  and  F.  F.  Exner,  19-0 ; A.  Stavenhagen,  16-6  ; S.  M.  Delepine,  18-61 
to  18-67  ; L.  Weiss,  18-72  at  20°  ; H.  von  Wartenberg  gave  17-6  to  18-3  f^-r  massive 
tungsten,  and  19-0  to  19-2  for  the  powder.  F.  Koref  found  the  sp.  gr.  of  unannealed 
tungsten  to  be  19-19 ; and  after  heating  to  1050°,  19-23  ; 1225°,  19-23  ; 1525°, 

19- 26  ; 1900°,  19-26  ; 2200°,  19-26  ; and  2500°,  19-26.  C.  G.  Fink  found  the  value 
18-81  before  drawing  into  wire,  and  19-30,  19-58,  and  19-86  when  drawn  into  wire 
respectively  150,  10,  and  1-5  mils  in  diameter.  W.  Geiss  and  J.  A.  M.  van  Liempt 
observed  that  the  cold  working  of  tungsten  leads  to  19-35  for  the  density.  This  is 
in  agreement  with  the  value  computed  from  the  X-radiogram.  This  means  that 
there  is  no  evidence  of  a compression  of  the  space-lattice  by  hammering  or  rolling. 
P.  Hidnert  and  W.  T.  Sweeney  gave  19-211  for  99-98  per  cent,  tungsten.  From  the 
X-radiograms,  H.  C.  Burger  obtained  19-37  when  that  of  sodium  chloride  is  2-164. 
According  to  J.  W.  Avery  and  C.  J.  Smithells,  there  are  changes  in  the  sp.  gr.  of 
wires  produced  by  the  effects  of  the  lubricant  on  the  surface  during  the  drawing 
of  the  wire ; by  the  oxidation  of  fine  wires ; and  by  surface  tension  effects  when 
small  masses  are  weighed  in  liquids.  The  surface  impurities  must  be  removed 
before  the  sp.  gr.  of  the  metal  is  determined  ; and  the  extent  of  the  attack  on  the 
underlying  metal  affects  the  sp.  gr.  Thus,  a wire  of  0-05  mm.  diameter  and  sp.  gr. 
18-50,  had  a sp.  gr.  of  18-51  after  it  had  lost  0-1  per  cent,  by  etching  with  a soln. 
of  sodium  dioxide  ; 18-92  after  a loss  of  3-87  per  cent. ; and  18-91  after  a loss  of 
14-50  per  cent.  With  coarser  wires,  the  change  in  the  sp.  gr.  is  smaller.  This 
means  that  the  wires  have  an  outer  layer  of  smaller  sp.  gr.  than  the  mass  of  the 
wire,  and  representing  a larger  proportion  of  the  whole  wire,  the  more  its  diameter 
is  reduced.  The  sp.  gr.  of  a tungsten  ingot  increases  rapidly  as  its  diameter  is 
reduced  by  rolling,  etc.,  so  that  after  a 75  per  cent,  reduction  in  sectional  area,  the 
sp.  gr.  is  19-23 — the  value  deduced  from  the  X-ray  spectral  data  is  19-32.  This 
initial  increase  is  due  to  the  closing  of  the  pores  in  the  metal ; a subsequent  decrease 
in  the  sp.  gr.  is  connected  with  the  break  up  of  the  crystal  grains.  The  results  with 
99-998  per  cent,  tungsten,  A,  and  tungsten  with  0-75  per  cent,  thoria,  B,  with  wires 
of  diameter  d mm.,  are  as  follows  : 
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M.  L.  Huggins  estimated  the  atomic  radius  of  tungsten  to  be  1-58  A. ; L.  Vegard 
gave  1-04  A.  Observations  were  made  by  V.  M.  Goldschmidt,  L.  Pauling,  and 
E.  T.  Wherry  from  which  it  follows  that  the  value  for  sexivalent  tungsten  is  0-88  A., 
for  quadrivalent  tungsten  0-66  to  0-68  A.  ; and  for  typical  tungsten  atoms,  1-37  A. 
H.  G.  Grimm,  J.  C.  Slater,  and  A.  M.  Berkenheim  studied  the  at.  radius  ; and 
P.  Vinassa,  the  mol.  number.  H.  Schroder,  and  E.  Donath  and  J.  Mayrhofer  dis- 
cussed the  atomic  volume  ; and  I.  Traube,  the  at.  soln.  vol.  L.  von  Uslar  said  that 
the  hardness  of  tungsten  is  greater  than  that  of  agate  ; and  H.  Moissan  added  that 
when  free  from  carbon  it  does  not  mark  glass  ; and  it  may  be  filed  with  ease. 
C.  G.  Fink  gave  4-5  to  8-0  for  the  hardness  on  Moh’s  scale  ; J.  R.  Rydberg,  9-0  ; and 
L.  Wiss,  6-5  to  7-5.  A.  G.  Worthing  and  W.  E.  Forsythe  gave  for  the  hardness 
respectively  on  Rockwell’s  and  the  sclerescopic  scales  : One-inch  ingot,  20,  and  45  ; 
the  same  ingot  when  swaged  to  0-75  in.  gave  for  the  surface  : 39,  and  55-5,  and  for 
the  centre  : 23,  and  35  ; and  swaged  tungsten  gave  45,  and  83 — for  compression,  the 
values  for  tool-steel  are  respectively  61  and  95,  showing  that  tungsten  is  only  slightly 
less  hard  than  tool-steel.  E.  W.  Engel  gave  290  for  Brinell’s  hardness  ; and  said 
that  the  metal  can  be  filed  and  ground,  but  not  easily  machined.  According 
to  F.  Koref,  fine  tungsten  wires  consisting  of  a single  crystal  may  be  softened  by 
tempering  for  a short  time  above  2100°  without  recrystallization  taking  place, 
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provided  that  the  amount  of  deformation  which  the  metal  has  undergone  does  not 
exceed  a certain  critical  limit  depending  on  the  nature  of  the  drawing  and  the 
thickness  of  the  wire.  Thick  wires  readily  recrystallize  after  only  slight  reduction 
in  area,  whereas  thin  wires  may  be  reduced  80  per  cent,  before  recrystallization 
i sets  in  on  tempering.  All  metallic  single  crystals  appear  to  be  strained  internally 
during  growth,  and  unless  this  strain  is  removed  by  suitable  tempering  the  metal 
works  badly  and  readily  recrystallizes  on  subsequent  annealing.  The  density  of  the 
wires  increases  during  tempering  and  the  electrical  resistance  also  changes. 

E.  Ruhstrat  found  that  if  tungsten  be  heated  in  the  electric  arc,  and  abruptly 
quenched,  it  becomes  so  brittle  that  it  can  be  ground  to  a fine  powder. 

H.  Moissan  observed  that  tungsten  can  be  welded  like  iron  by  hammering  at 
a temp,  below  its  m.p. — vide  supra,  ductile  tungsten.  Z.  Jeffries  found  a pro- 
gressive increase  in  the  tensile  strength  of  an  ingot  of  tungsten  as  it  is  swaged  and 
drawn  into  wire.  Taking  the  diameter  in  mils  (a  mil  is  0-001  inch)  and  the  tensile 
strength  in  lbs.  per  sq.  in.,  he  found  for  an  ingot  200  mils  X 250  mils,  18,000  ; 
for  swaged  rod,  216  mils  diam.,  50,600  ; 125  mils,  107,000  ; 80  mils,  176,600  ; and 
26  mils,  215,000  ; and  for  drawn  wire,  18  mils,  264,000  ; 7-23  mils,  340,000  ; 578  mils, 
366,000;  5-50  mils,  378,000;  3-96  mils,  483,000;  and  1-4  mils,  590,000.  The 
tensile  strength  of  the  drawn  wire  between  3 and  20  mils  is  an  exponential  function 
of  the  diameter,  and  increases  more  slowly  with  the  finer  sizes.  F.  S.  Goucher 
found  also  that  with  a single  crystal  loaded  in  tension,  the  time  required  for  fracture 
to  take  place  is  an  exponential  function  of  the  load  and  temp.  C.  J.  Smithells 
added  that  the  hardness  can  be  reduced  by  annealing,  but  it  cannot  be  removed 
without  exceeding  the  temp,  of  recrystallization.  Coupled  with  great  strength, 
drawn  tungsten  wire  is  markedly  ductile  at  ordinary  temp.  C.  G.  Fink  gave  for 
the  tensile  strength  of  tungsten  wires  5-0,  2-8, 1-5  and  1-2  mils  in  diam.,  the  respective 
values  460,000,  480,000,  550,000,  and  580,000  lbs.  per  sq.  in.  J.  Konigsberger 
gave  270  to  285  kgrms.  per  sq.  mm.  for  the  tensile  strength  of  tungsten  wires  ; 
and  100  to  120  kgrms.  per  sq.  mm.  for  single  crystal  wires.  R.  Tajime  found  the 
tensile  strength  of  tungsten  wire  containing  one  per  cent,  of  thorium,  and  having  a 
diameter  of  0-076  mm.,  is,  in  vacuo  : 

27°  523°  1323°  1723°  2123°  2523°  2883° 

Tensity  . 310  200  70  20  9 4-5  1-5  kgrms.  per  sq.  cm. 

F.  von  Goler  and  G.  Sachs  gave  the  results  in  Fig.  5 for  the  tensile  strength  in 
kgrms.  per  sq.  mm.  of  0-1  mm.  wires  which  have  been  heated  to  different  temp. 


Fig.  5. — The  Tensile  Strength  of  Tungsten  Fig.  6.- — The  Elongation  of  Single  Crystals 
Wires  heated  to  different  temperatures.  of  Tungsten  under  Constant  Load. 

S.  J.  Wright  gave  3-886  X 10S. * * * * * * 12  dynes  per  sq.  cm.  for  Young’s  modulus.  C.  H.  Jones 

gave  values  for  wires  ranging  up  to  427  kgrms.  per  sq.  mm. 

F.  S.  Goucher  showed  that  with  single  crystal  wires  extended  under  a constant 

load,  there  is  first  a rapid  extension  which  hardens  the  metal,  and  thereafter,  the 

extension  continues  at  a uniform  rate  until  the  wire  breaks.  There  is  no  change 

in  the  orientation  of  the  crystal  when  it  is  in  the  most  favourable  position  for  slip 

and  the  sectional  area  is  decreasing,  hence  it  follows  that  the  resistance  to  slip  is 

proportional  to  the  applied  stress — Curves  I to  III,  Fig.  6.  With  a multicrystal  wire. 
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the  observed  effect  is  the  joint  effect  of  all  the  crystals  in  which  slip  occurs,  so  that 
the  extension — time  curve  has  the  same  form — Curve  IV,  Fig.  6.  With  an  aggregate 
of  fine  crystals  the  same  relation  may  not  be  true  because  the  rate  of  hardening  may 
be  modified  by  the  crystal  boundaries.  When  the  diameter  of  single  crystal  wires 
is  reduced  by  drawing  through  dies,  they  rapidly  lose  their  characteristic  ductility, 
becoming  hard  and  eventually  brittle ; at  the  same  time  there  is  an  increase  in 
the  tensile  strength  which  is  at  first  rapid.  Thus,  F.  Koref  found  for  the  one-crystal 
wire  prepared  by  J.  Pintsch’s  process  : 

Diameter  . 0-160  0-149  0-142  0-126  0-070  mm. 

Tensity.  . 106-6  135  137  149  178  kgrms.  persq.  mm. 

The  hardness  may  be  removed  by  heating  the  wire  to  a high  enough  temp.,  so 
that  the  one  per  cent,  elongation  of  the  hardened  wire  increases  8 per  cent,  on 
annealing.  Thus,  for  a single  crystal  wire  0-07  mm.  diam.,  the  tensile  strength 
was  119  kgrms.  per  sq.  mm.  ; when  drawn  to  0-052  mm.,  133;  when  annealed 
10  min.  at  1500°,  130  ; 10  min.  at  1800°,  130  ; 0-5  min.  at  2100°,  130  ; and  10  min. 
at  2100°,  119.  According  to  F.  Koref,  recrystallization  occurs  on  heating  if  the 
reduction  in  area  exceeds  60  to  80  per  cent. ; the  temp,  at  which  this  occurs  is 
lower  the  greater  the  amount  of  deformation,  and  it  may  occur  at  a temp,  below 
that  required  for  the  removal  of  the  hardness.  Single  crystal  wires  can  therefore 
be  reduced  in  area  by  alternately  drawing  and  annealing  to  remove  hardness  pro- 
vided the  reduction  in  area  at  each  stage  does  not  exceed  a critical  value.  F.  Koref 
discussed  the  effect  of  crystal  structure  on  the  mechanical  properties  of  tungsten ; 
E.  C.  Bain  and  Z,  Jeffries,  the  effect  of  mechanical  work  on  the  crystalline  structure  ; 
and  H.  B.  de  Vore  and  W.  P.  Davey,  the  preferred  orientation  caused  by  mechanical 
work.  F.  S.  Goucher  measured  the  rate  of  flow  of  tungsten  single  crystals  under 
constant  load  at  1000°  K.  and  2000°  K.  The  results  show  an  internal  hardening 
which  increases  rapidly  in  the  early  stages  of  deformation  and  which  tends  to 
become  proportional  to  the  increase  of  stress  in  the  later  stages  ; this  stage  occupies 
the  maj  or  portion  of  the  time  required  for  the  fracture  of  such  crystals.  The  harden- 
ing is  greater  at  the  lower  temperature,  and  there  is  evidence  that  the  rate  of 
deformation  is  an  important  factor  in  the  hardening  process.  This  hardening  may 
be  removed  by  annealing  at  2500°  K.  for  2 min.  An  X-ray  study  of  these  crystals 
at  all  stages  of  their  deformation  reveals  distortions — crystallographic  in  nature — 
which  increase  progressively  with  the  degree  of  deformation.  Annealing  these 
crystals  produces  no  apparent  alteration  of  this  distortion. 

Z.  Jeffries  and  R.  S.  Archer  found  the  effect  of  temp,  on  the  tensile  strength  of 
two  kinds  of  tungsten  wire  (No.  1 — cold  drawn  ; No.  2 — annealed — Fig.  7),  and 


Fiq.  7. — The  Effect  of  Tem-  Fig.  8. — The  Effect  of  Tem-  Fig.  9. — The  Effect  of  Tem- 
perature on  the  Tensile  perature  on  the  Reduc-  perature  on  the  Elonga- 
Strength;  tion  in  Area.  tion. 

observed  that  the  tensile  strength  increases  on  a falling  temp,  but  is  lower  at 
—185°  than  at  room  temp.  This  effect  has  been  observed  only  with  tungsten. 
The  effect  of  temp,  on  the  reduction  in  area,  Fig.  8,  increases  with  rising  temp. 
The  reduction  in  area  is  greater  with  the  cold  drawn  than  with  the  annealed  wire. 
The  effect  of  temp,  on  the  elongation  increases  on  a falling  temp.,  Fig.  9,  until 
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I the  region  of  low  temp,  brittleness  is  attained.  The  maximum  elongation  occurs 
at  lower  temp,  the  greater  the  amount  of  cold  working,  but  the  actual  elongation 
at  this  maximum  decreases  as  the  amount  of  working  increases.  Comparing  the 
elongation  and  tensile  strength  curves,  it  follows 
that  the  development  of  brittleness  is  accom- 
panied by  a sharp  rise  in  the  tensile  strength.  | 

F.  S.  Goucher  also  found  that  the  tensile  gj- 
strength  of  drawn  wire  is  greatest  at  about  0°  b 
but  falls  off  rapidly  at  about  727°,  probably  ^ 
owing  to  recrystallization.  Long  crystals  pro-  ^ 
duced  by  annealing  at  about  2727°  have  a 
lower  tensile  strength  at  0° ; and  a single  ^ 
crystal  wire,  containing  2 per  cent,  of  thoria, 
has  a tensile  strength  about  3 times  that  of 
tungsten  alone.  The  load  in  kgrms.  per  sq. 
mm.  required  to  fracture  a single  crystal  wire  Tig.  1®* — The  Tensile  Strength  and 
in  one  minute  at  different  temp,  is  illustrated  temperature^  Curve  of  Single 
by  Fig.  10.  Most  of  the  fractures  below  527° 

are  intercrystalline,  showing  that  the  crystal  is  stronger  than  the  crystal 
boundaries.  There  are  sharp  changes  in  the  curves  near  577°,  1327°,  and 
2377°  ; these  are  said  to  be  consistent  with  the  electrical  resistance  curve  of 
I.  Langmuir  ; and  with  the  thermal  expansion  curve  of  A.  G.  Worthing.  The 
meaning  of  the  discontinuities  is  unknown.  W.  E.  W.  Millington  and  F.  C.  Thomp- 
son also  studied  the  plastic  deformation  of  wires  of  single  crystals  of  tungsten. 
P.  Hidnert  and  W.  T.  Sweeney  added  that  the  “ transformation  points  appear  to 
be  erroneous,  and  inconsistent  with  the  work  of  other  investigators.” 

E.  Griineisen  said  that  tungsten  has  the  highest  known  elastic  limit  with 
the  possible  exception  of  iridium.  S.  J.  Wright  gave  for  Young’s  modulus  E 
=3-886  Xl012  dynes  per  sq.  cm.,  taken  longitudinally.  W.  Geiss  found  the 
modulus  of  elasticity  E can  be  represented  as  a function  of  the  temp.,  T°  K.  for  single 
crystal  wires  by  E—E0{(Tm—T)Tm~1}0'263,  where  Tm  denotes  the  m.p.  on  the 
absolute  scale,  and  E0  the  modulus  at  27°,  or  40,000  kgrms.  per  sq.  mm.  H.  Schon- 
born  found  the  elasticity  of  drawn  wire  is  in  accord  with  Hooke’s  law,  and  varies 
from  34,800  to  37,300  kgrms.  per  sq.  mm.  at  room  temp.,  and  falls  to  3200  kgrms.  per 
sq.  mm.  at  1027°.  H.  L.  Dodge  studied  the  effect  of  temp  on  the  elasticity  of 
tungsten.  He  gave  35-5+1011  dynes  per  sq.  cm.  at  20°,  a value  rather  lower  than 
C.  G.  Fink’s  41-4  xlO11  dynes  per  sq.  cm.  The  modulus  was  found  to  decrease 
uniformly  with  a rise  of  temp,  up  to  1000°,  at  which  temp,  it  is  32-3  x 1011  dynes  per 
sq.  cm.  A.  L.  Kimball  and  D.  E.  Lovell  gave  38-7  x 1011  dynes  per  sq.  cm.  for  the 
elastic  modulus  of  swaged  tungsten ; and  W.  Widder,  E=E20{ 1 X 0-0003472(0— 20)}. 
The  torsion  modulus  of  tungsten  was  found  by  W.  Schriever  to  be  greater  than  that 
of  any  other  known  material,  the  value  at  2527°  being  equal  to  that  for  steel  at 
room  temp.  W.  Geiss  gave  for  the  torsion  modulus  G,  as  a function  of  the  temp., 
T°  K.,  G~G0{(Tm—T)Tm~1}0'262,  where  Tm  denotes  the  m.p.  on  the  absolute  scale, 
and  G0,  the  modulus  at  0°,  or  17,100  kgrms.  per  sq.  mm.  at  27°.  L.  P.  Sieg  found 
large  variations  with  different  samples  of  tungsten.  According  to  W.  Schriever, 
the  torsion  varies  from  9000  to  22,000  kgrms.  per  sq.  mm.  at  room  temp,  and 
decrease  slightly  with  temp,  up  to  727°  ; between  727°  and  1727°  the  modulus  falls 
more  rapidly,  being  3060  kgrms.  per  sq.  mm.  at  1727°.  The  value  for  equiaxial 
tungsten  is  greater  than  for  drawn  wire,  and  increases  with  grain-size.  Both  the 
torsion  modulus  and  the  tensile  strength  increase  as  the  diameter  of  the  wire 
decreases.  J.  Konigsberger  gave  8-1  x 10u  to  9-1  x 1011  C.G.S.  units  for  the  torsio'n 
modulus  of  tungsten  wires,  and  15-5 xlO11  to  18xlOu  C.G.S.  units  for  single 
crystal  wires.  E.  Edwards  and  co-workers  examined  the  increase  in  the  torsional 
stiffness  produced  by  increasing  the  tension  of  tungsten  wires.  S.  J.  Wright  gave 
1-514 XlO12  dynes  per  sq.  cm.  for  the  modulus  of  rigidity  of  tungsten. 

VOL.  xi.  2 z 
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T.  W.  Richards  and  E.  P.  Bartlett  found  the  compressibility  of  tungsten  to 
be  2-85  Xl0~7  at  20°,  and  it  appears  to  be  smaller  than  that  of  any  known  metal. 
P.  W.  Bridgman  found  the  vol.  compressibility  of  single  crystal  wires  to  be  : 
-8»/»=2-18 X 10-7p— 14 X 10~12p2  at  30° ; and  -8v/v= 3-18 X 10-^p— 1-5 X 10~™p* 
at  75°;  for  swaged  rod,— S^/v=2-93x  10— 7p — 1-5  X 10~ 12p2  at  30°;  and  — 8v/v 
=2-95xl0_7p — l-5xl0_12p2  at  75°;  and  for  drawn  wire,  — 8v/v—3-l5  X 10_7p 
— 1*6  X 10~12p2  at  30°  ; and  • — Sv/t?=3*16  X 10— 7p— 1-5  x 10-12p2  at  75°.  The  com- 
pressibility /S,  at  30°  for  drawn  wire  and  swaged  rod  are,  respectively,  /3=O-O0315 
and  O-O0293  ; 8p/p8p= 0-04102  and  0-04102  ; -8a/a8p=0-052  and  0-054 ; and 
— ft~1(8a/a8p)=l-24:  and  13-7,  where  a denotes  the  coeff.  of  thermal  expansion. 
L.  H.  Adams  gave  8/3= — 0-03.  T.  W.  Richards  gave  for  the  internal  pressure, 
13,400  megabar  at  20°  ; R.  F.  Mehl  gave  1020  kilomegabars,  and  for  the  maximum 
disruptive  press.,  3570  kgrms.  per  sq.  mm.  K.  Iokibe  and  S.  Sakai  gave  for  the 
viscosity  of  tungsten,  at  16°,  t/=9-37x108  ; and  G.  Subrahmaniam,  8-638  Xl08. 
A.  L.  Kimball  and  D.  E.  Lovell  also  made  observations  on  the  internal  friction  of 
tungsten.  P.  W.  Bridgman  studied  the  effect  of  pressure  on  the  rigidity.  For 
the  diffusion  of  carbon,  and  of  thorium  in  tungsten,  vide  infra ; G.  Grube  and 
K.  Schneider,  and  J.  Laissus  studied  the  diffusion  of  tungsten  into  iron  ; and 
J.  M.  Eglin,  of  barium  into  tungsten. 

C.  G.  Fink  3 found  the  coeff.  of  thermal  expansion  of  a tungsten  wire,  0-005  in. 
diam.,  to  be  a=0-05336  between  20°  and  100°  ; and  he  gave  a=0-0543  for  tungsten. 
I.  Langmuir  gave  0-0538  between  1000°  and  1500°  ; 0-0544  between  1500°  and  2000°  ; 
and  0-0541  between  1000°  and  2000°.  H.  L.  Dodge  obtained  0-05456  over  the  range 
20°  to  675°.  If  l be  the  length  of  the  filament  at  300°  K.,  then,  for  a temp.,  T°  K., 
between  1200®  K.  and  2500°  K.,  8Z/J=0-00245(T— 300)  X 10-3+0-000567(T-300)2 
XlO-6.  A.  G.  Worthing  obtained  0-05444  at  27°;  .0-0556  between  1000°  and 
1500°  ; 0-0566  between  1500°  and  2000°  ; 0-0561  between  1000°  and  2000°  ; or 
0-05519  at  1027°  ; and  0-05726  at  2027°.  If  l0  is  the  length  at  300°  K.,  and  l the 
length  at  a temp.  T°  K.  between  1200°  K.  and  2700°  K.,  8//Zo=0-05449(T— 300) 
+0-01224(Y-300)3 ; and  for  temp.  T°  K.  between  300°  K.  and  2700°  K.,  8!U0 
=0-05444(T-300)+0-01G45(T-300)2+0-01222(r-300)3 ; or 

T°  K.  . . 330°  1200°  1500°  1800°  2100°  2400° 

a . . . 0-06444  0-0650G  0-06550  0-0560t>  0-06674  0-06754 

The  results  of  A.  G.  Worthing  can  be  represented  by  Z=Z27(1+O-O54440 
+0-01045#2-l-0-012220d3),  and  D.  W.  Berlin’s  results  were  in  agreement  writh  this. 
W.  Widder  gave  0-00000456  at  20°,  and  0-0000038  at  —190°.  K.  Becker  gave 
0-0575  between  18°  and  2200° ; 0-0566  between  18°  and  1750°  ; and  0-0558  between 
18°  and  1380°.  J.  Disch  gave  : 

- 190°  to  0°  - 100°  to  0°  0°  to  100°  0°  to  200°  0°  to  300°  0°  to  400° 

a . 0-0638  0-0641  0-0645  0-0546  0-0647  0-0s48 

or,  if  l0  refers  to  the  length  at  0°  and  l the  length  at  8°,  Z=£o(l+O-O54460+O-O973d2) 
between  0°  and  400°  ; and  /=/o(l+O-O54450-)-O-O832802)  between  —190°  and  200°. 
F.  S.  Goucher  said  that  there  is  evidence  of  discontinuities  in  the  thermal  expansion 
at  about  850°  K.,  1600°  K.,  and  2650°  K.,  but  P.  Hidnert  and  W.  T.  Sweeney  and 
others  have  not  been  able  to  confirm  this  statement.  P.  Hidnert  and  W.  T.  Sweeney 
represented  their  results  between  —105°  and  502°  by  Z=Jo(b'O54280+O-O95802)  ; 
and  they  found  the  average  values  to  increase  regularly  with  temp.  : 

- 100°  to  - 50°  - 50°  to  0°  0°  to  50°  50°  to  100°  100°  to  200*  200°  to  300°  300°  to  400° 

a . . 0-0642  0-0s43  0-0543  0-0544  0-0s45  0 0646  0-0647 

400°  to  500°  - 100°  to  0°  0°  to  100°  0°  to  200°  0°  to  300°  0°  to  400°  0°  to  500° 

a . . 0-0648  0-0s42  0-0643  0-0644  0-0545  0-0545  0-0546 

and  for  the  range  — 100°  500°,  a=0-0545.  W.  D.  Coolidge  gave  0-35  cal.  per 

cm.  per  degree  for  the  thermal  conductivity  of  tungsten  ; S.  Weber,  0-383  cal. 
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per  cm.  per  degree  or  1-605  watts  per  cm.  per  degree  at  0°,  and  T.  Barra tt  and 
R.  M.  Winter,  0-476  cal.  per  cm.  per  degree  at  17°,  and  0-472  cal.  at  100°.  The 
relation  of  the  thermal  and  electrical  conductivities  was  studied  by  E.  Griineisen 
and  E.  Goens.  A.  G.  Worthing  found  that  the  thermal  conductivity  in  watts  per 
cm.  per  degree  increases  linearly  from  1000°  K.  to  about  2500°  K. : 

T°  K.  . . 1000°  1300°  1600°  1900°  2200°  2500°  2800° 

Conductivity  0-84  0-93  1-02  1-09  1-15  1-21  1-27 

C.  Zwikker  gave  for  the  thermal  conductivity,  k watts  per  cm.  per  degree  : 

T°  K.  . 1800°  2000°  22003  2400°  2600°  2800° 

k . . . 1-22  1-29  1-33  1-37  1-405  1-43 


H.  V.  Regnault  4 found  the  specific  heat  of  tungsten  to  be  0-03342  ; and  L.  Weiss, 
0-0358.  J.  Dewar  gave  0-0095  between  — 253°  and  — 196°  ; P.  Nordmeyer  and 
A.  L.  Bernoulli,  0-0357  between  — 185°  and  20°  ; A.  W.  Grodspeed  and  E.  F.  Smith, 
0-0338  between  20°  and  100°  ; H.  Mache,  0-0336  between  0°  and  100°  ; E.  Defacqz 
and  M.  Guichard,  0-0340  between  15°  and  93°  ; and  0-0375  between  15°  and  423°  ; 
M.  von  Pirani,  0-033  at  340°  ; 0-036  at  1000°  ; and  0-041  at  1350°  ; W.  Geiss  and 
J.  A.  M.  van  Liempt  gave  0-0323  ; 0.  M.  Corbino, 

0-0334  ; whilst  K.  K.  Smith  and  L.  I.  Bockstahler 
gave  0-045  between  2375°  K.  and  2475°  K. — this 
is  eq.  to  an  at.  ht.  of  8-3.  K.  K.  Smith  and 
P.  W.  Bigler  found  0-0479  for  the  sp.  ht.  at  2095° 
to  2212°.  The  last-named  results  were  discussed 
by  P.  F.  Gaehr.  H.  A.  Jones  and  co-workers  gave 
Cp=4-70-f0-0015T.  W.  Geiss  and  J.  A.  M.  van 
Liempt  observed  no  perceptible  difference  in  the 
sp.  ht.  of  cold-drawn  and  of  crystallized  metal. 

The  corresponding  atomic  heat  varies  from  1-75 
between  — 253°  to  —196°  to  8-75  between  2095° 
and  2212°.  F.  Wiist  and  co-workers  gave  Cp=6-17 
at  100°,  and  6-72  at  1500°.  F.  Lange  found  for 
the  sp.  ht.  0-47  at  -240° ; 1-00  at  -230°  ; 1-65 
at  -220°  ; 2-26  at  -210°  : 2-78  at  -200°  ; 3-25  at  -190°  ; and  3-69  at  -180°  ; 
and  W.  M.  Latimer  obtained  6-0  for  the  at.  ht.,  Cp,  between  250°  and  900°. 
F.  M.  Jager  and  E.  Rosenbohm  gave  for  temp,  up  to  1300°,  and  for  tungsten  free 
from  oxide,  Cp=0-02744+0-132672x  10-40-0-091488  X l(r802+O-O67812  X 10““ 03, 


0°  1000°  2000°  3000 c 

Fig.  11. — The  Effect  of  Tem- 
perature on  the  Atomic  Heats 
of  Tungsten. 


or  abbreviated,  <^0-0274412+0-00001320.  H. 


Danz  gave 


400° 

500° 

600° 

700° 

800° 

900° 

Cp 

. 7-199 

7-304 

7-409 

7-515 

7-620 

7-724 

Cv 

. 7-092 

7-180 

7-264 

7-347 

7-429 

7-506 

C.  Zwikker  gave  the  following  results,  Fi 
temp,  on  the  absolute  scale  : 

g.  11,  for  the  at.  ht.  of  tungsten  at  different 

°K. 

. 100° 

200° 

300° 

600° 

900° 

1200° 

Cp 

. 3-77 

5-32 

5-90 

6-23 

6-57 

6-90 

Cv 

. 3-77 

5-30 

5-87 

6-15 

6-44 

6-71 

°K. 

. 1500° 

1800° 

2100° 

2400° 

2700° 

3000° 

('  p 

. 7-23 

7-56 

7-89 

8-22 

8-56 

8-89 

Cv 

. 6-96 

7-18 

7-36 

7-50 

7-62 

7-70 

F.  M.  Jager  and  E.  Rosenbohm  made  analogous  observations.  A.  Magnus  and 
H.  Danz  gave  for  the  at.  ht.  of  99  per  cent,  tungsten  over  the  range  400°  to  900°, 
0^=6-7807 +0-00104750  ; and  A.  Magnus  and  H.  Holzmann,  Gp=5-8947 +O-O383380 
between  100°  and  900° ; and  H.  A.  Jones  and  I.  Langmuir  gave  Cp=4-7+0-0015T 
for  the  at.  ht.  between  900°  and  the  m.p. ; CP  is  here  expressed  in  cals,  per  gram- 
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atom  per  degree.  Since  the  vol.  of  a wire  1 cm.  long  and  1 cm.  diamter  is  \-n  c.c., 
the  conversion  factor  from  cals,  per  gram-atom  to  watt  seconds  per  degree  is 
77 x 19-35 x4-185/4x  184=0-3456.  He  discussed  the  application  of  P.  Debye’s 
formula.  A.  G.  Worthing  obtained  for  the  at.  ht..  6-20  at  330°  K. ; 6-50  at  1200°  K. ; 
6-95  at  1500°  K. ; 7-40  at  1800°  K. ; 7-85  at  2100°  K. ; and  8-30  at  2400°  K. ; 
and  for  the  at.  ht.  at  constant  vol.  he  gave  5-95  at  ordinary  temp.,  6-25  at  1200°  K., 
and  7-35  at  2400°  K.  A.  G.  Worthing  also  found  that  E.  Griineisen’s  relation 
a jCp  rises  from  7-16  Xl0~7  at  330°  K.  to  9-08  XlO-7  at  2400°  K.  E.  ,D.  Eastman 
and  co-workers  computed  Cp — Cv— 0-050  Cal.  per  degree  per  mol.  A.  Magnus  and 
H.  Holzmann,  O.  M.  Corbino,  L.  I.  Bockstahler,  and  H.  Hunkel  also  obtained  values 
in  close  agreement  with  those  of  A.  G.  Worthing.  J.  Maydel  discussed  some  relations 
of  the  sp.  ht.  ; and  W.  M.  Latimer,  the  thermal  energy  of  the  electrons  in  tungsten. 

According  to  C.  W.  Siemens  and  A.  K.  Huntington,5  tungsten  can  be  fused  in 
the  electric  arc  furnace  ; H.  Moissan  also  fused  the  metal  in  the  arc  furnace,  and 
noted  that  it  is  less  fusible  than  chromium  and  molybdenum.  L.  Weiss  fused  the 
metal  by  heating  it  in  the  electric  arc,  between  graphite  electrodes  ; and  the 
Allgemeine  Electiizitats  Gesellschaft  obtained  fused  tungsten  from  rods  made 
of  the  compressed  powder  as  anodes  for  the  electric  arc.  There  are  difficulties 
in  determining  the  m.p.  of  the  highly  purified  metal  with  a disappearing  filament 
pyrometer  : (i)  The  fixing  of  the  thermometer  scale  ; and  (ii)  when  the  pyrometer 
is  focussed  on  the  surface  of  the  molten  metal  the  observed  “ brightness  ” temp, 
has  to  be  corrected  for  the  spectral  emmissivity.  If  a block  of  fused  tungsten  be 
under  black  body  conditions,  i.e.  contained  in  an  enclosed  vessel  whose  walls  are 
uniformly  heated  to  a temp.  T,  its  temp,  will  be  T ; if  the  block  of  tungsten  could 
be  removed  without  altering  its  temp.,  and  its  brightness  matched  with  the  dis- 
appearing filament  pyrometer,  its  temp,  would  appear  to  be  at  some  lower  temp, 
say,  T i,  called  the  brightness  temperature.  If  instead  of  matching  the  brightness 
of  the  tungsten,  its  colour  be  matched  against  that  of  the  black  body,  it  will  appear 
to  have  another  temp.,  say,  Tc,  called  the  colour  temperature  with  tungsten,  the 
colour  temp,  is  always  higher  than  the  true  temp,  by  about  0-6  per  cent,  at  1000°  K., 
and  2-3  per  cent,  at  3500°  K.  The  brightness  temp,  is  related  to  the  true  temp,  by 
the  equation  T—1— 1=C2— ] 1A2-303  loge  eA(  where  eA  is  the  spectral  emissivity 
for  a wave-length  A,  and  C2  is  a constant.  If  the  temp,  of  the  block  of  tungsten 
be  measured  by  comparing  the  rate  of  radiation  of  energy  with  that  of  the  black 
body,  its  temp.,  say  Tr,  is  called  the  radiation  temperature,  will  be  lower  than  the 
true  temp.  This  subject  was  discussed  by  C.  Zwikker,  R.  Davis  and  K.  S.  Gibson, 
E.  Lax  and  M.  Pirani,  F.  Wolfers,  H.  A.  Jones,  F.  Henning  and  W.  Heuse, 
M.  L.  Phillips,  H.  Hunkel,  and  H.  C.  von  Alphen.  C.  Zwikker  gave  T-1— Tb~l 
=AC2— 12-303  loge  eA,  where  C2=14,330ja  degree.  A.  G.  Worthing  and  W.  E.  For- 
sythe found  for  the  corresponding  temp.,  up  to  the  m.p.  (3655°  K.)  : 


True  temp.,  T 

1000° 

1500° 

2000° 

2500° 

3000° 

3500° 

3655°  K. 

Colour  temp.,  Tc  . 

1006° 

1517° 

2033° 

2557° 

3094° 

3646° 

3817°  K. 

Brightness  temp.,  Ti 

966° 

1420° 

1857° 

2274° 

2673° 

3053° 

3165°  K. 

Radiation  temp.,  Tr 

581° 

991° 

1428° 

1859° 

2286° 

2704° 

— °K. 

H.  von  Wartenberg  gave  2800°  to  2850°  for  the  melting  point  of  tungsten ; 
M.  von  Pirani,  3100°,  and  3250°  ; O.  Ruff  and  O.  Goecke,  2575°  for  99-2  per  cent, 
tungsten,  and  O.  Ruff  gave  2650°  for  the  pure  metal.  C.  W.  Waidner  and 
G.  K.  Burgess  said  that  the  m.p.  is  3080°  ; W.  E.  Forsythe,  3027°  ; W.  R.  Mott, 
3402°  ; M.  von  Pirani  and  A.  R.  Meyer  gave  3100° ; I.  Langmuir,  3267° ; and 
G.  P.  Luckey,  and  A.  G:  Worthing,  3357° — and  3372°  to  3392°- — M.  von  Pirani 
and  H.  Alterthum  obtained  3387°  for  the  m.p.  of  tungsten  melting  under  black 
body  conditions ; and  F.  Henning  and  W.  Heuse  similarly  obtained  3370°. 
G.  P.  Luckey  found  that  the  effect  of  the  pressure  of  the  atmosphere  of  nitrogen 
on  the  m.p.  is  represented  by  3350°  at  1 atm.  press. ; 3321°  at  8 atm. ; 3309°  at 
14  atm. ; 3289°  at  21  atm. ; and  3291°  at  28  atm.  P.  Woog  discussed  the  hollow- 


TUNGSTEN 


709 


ing  out  of  tungsten  bars  by  central  fusion  by  the  passage  of  a heavy  electric 
current ; and  L.  P.  Sieg,  the  relation  between  the  m.p.  and  the  coefi.  of  elasticity. 

C.  W.  Siemens  and  A.  K.  Huntington,  and  H.  Moissan  noted  the  volatilization 
of  tungsten  when  it  is  melted  in  the  electric  arc  furnace.  E.  Tiede  and  E.  Birn- 
brauer  found  that  in  a vacuum  furnace  tungsten  at  2450°  yields  a sublimate  of 
rhombic  or  rhombohedral  crystals — as  indicated  above,  the  crystals  are  cubic. 
When  the  sublimate  condenses  in  a crystalline  form  on  hot  surfaces,  a mirror  is 
formed  on  a cold  surface.  M.  Arndt  observed  that  when  an  electric  arc  with  a 
tungsten  anode  is  heated  in  vacuo,  the  vaporized  metal  condenses  in  films. 
M.  R.  Mott  gave  6300°  for  the  boiling  point  ; I.  Langmuir  calculated  4727°  ; and 
C.  G.  Fink,  3700°.  According  to  I.  Langmuir,  the  rate  of  evaporation  of  tungsten 
in  vacuo,  m grms.  per  sq.  cm.  per  second,  at  T°  K.,  is  log  m=15-402 — 47444T- 1 
-1-4  log  T : 

T°  K.  1600°  2000°  2400°  2800°  3200°  3655° 

m . 3-7  x 10— 20  2-32  x 10— 11  1-58  x 10-10  8-28  x 10~8  8-79  xlO-6  4-70xl0-‘ 

The  subject  was  discussed  by  H.  A.  Jones  and  co-workers,  and  M.  R.  Andrews. 
C.  Zwikker  gave  log  M=ll-92-4,84xl04T_1 — 0-368  log  T — 0-00016T,  where  M 
denotes  the  number  of  grams  evaporated  per  sq.  cm.  per  second,  and 

T°  K.  . 1500°  2000°  2500°  3000°  3400° 

M . 0-02l178  00JS155  0 09833  0-05105  0 04708 

G.  R.  Fonda  found  that  the  rate  of  evaporation  is  independent  of  the  diameter  of 
the  wire  between  0-051  and  0-254  mm.  ; but  it  is  affected  by  the  grain-size.  Thus, 
for  a fine-grained  wire  at  2900°  K.,  M has  a mean  value  of  4 X 10~7,  but  with  a 
coarse-grained  wire,  M=2-6xl0-7.  The  rate  of  evaporation  determines  the  limit 
of  temp,  at  which  the  filament  lamp  can  be  operated.  I.  Langmuir  showed  that 
the  rate  of  evaporation  is  reduced  if  the  filament  is  surrounded  by  an  atmosphere 
of  a neutral  gas.  G.  R.  Fonda  found  that  with  a wire  0-051  mm.  in  diameter, 
the  rates  of  evaporation  in  vacuo  and  in  nitrogen  were  respectively  M =420  and  21  ; 
and  with  a 0-69  mm.  wire  in  nitrogen  and  in  argon  M— 13,  and  9 respectively. 
W.  H.  Rodebush  observed  the  value  of  A in  the  equation  for  the  number  of  electrons, 
n,  evaporating  from  a metal  filament  per  sq.  cm.  per  sec.,  n=AT~h~b^T,  to  be 
1-48 XlO26  when  the  calculated -result  at  2000°  K.  is  6-00 XlO26.  The  subject  was 
studied  by  S.  Weber,  F.  J.'  Wilkins,  E.  Oosterhuis,  and  G.  R.  Fonda.  The  last- 
named  observed  that  the  rate  of  evaporation  of  tungsten  filaments  at  2870°  K.  in  a 
mixture  of  argon  with  14  per  cent,  nitrogen  varies  from  2 X 10-9  to  230  X 10-9  grm. 

per  sq.  cm.  per  sec.  as  the  pressure  is  reduced  from  1650  to  0 mm.  A.  G.  Worthing 

and  W.  C.  Baker  observed  that  the  rate  of  evaporation  of  tungsten  is  positively 
affected  by  strong  electrostatic  fields,  the  effect  disappears  if  the  field  strength  is  less 
than  a million  volts  per  cm.  H.  Alterthum  studied  the  effect  of  salt  vapours  on  the 
evaporation  of  tungsten.  The  volatility  of  tungsten  is  increased  in  a vacuum  lamp 
if  the  metal  has  been  sprayed  with  various  salts- — particularly  the  halogen  salts. 
Reaction  occurs  between  the  filament  and  the  wall  as  well  as  on  the  filament  and 
at  the  wall.  I.  Langmuir  found  that  the  vapour  pressure  of  tungsten,  p mm., 
can  be  represented  by  log  p=15-502 — 47444T-1— 0-9  log  T,  for 

T°  K.  2000°  2400°  3200°  3400°  3540°  5100° 

p . 6-5  xlO-12  4-92X10-8  4-67  xl0“5  3-20  x 10~4  0-08  700 

The  values  at  the  m.p.,  3540°  K.,  and  the  b.p.,  5110°  K.,  have  been  obtained  by  extra- 
polation. P.  Winternitz  also  calculated  values  for  the  vap.  press,  of  tungsten  : 
log  p= — 48982-72T- 1+l-78  log  T-f-3,  so  that  p= 1 at  5100°;  and  J.  A.  M.  van 
Liempt  gave  log  p—— 46440T-1-)-  9-15.  W.  Herz  said  that  the  heat  of  fusion  has 
a value  between  1000  and  5000  cals.  ; and  I.  Langmuir,  that  the  latent  heat  of 
vaporization  at  a temp.  T°  K.  is  A=218,000— 1-8T  cals,  per  gram-atom.  This  is 
greater  than  the  heat  developed  by  any  known  chemical  reaction.  P.  Winternitz 
gave  223,900  cals,  per  gram-atom  at  room  temp.  ; M.  R.  Andrews,  177,000  cals.  ; 


710 


INORGANIC  AND  THEORETICAL  CHEMISTRY 


and  F.  S.  Mortimer,  201,200  cals.  L.  Hamburger  and  co-workers  discussed  the 
trouble  attending  the  use  of  tungsten  filaments  by  the  sublimation  of  the  metal  on 
to  the  walls  of  the  glass  bulbs.  J.  A.  M.  van  Liempt  gave  40-49  to  41-62  for  Trouton’s 
constant  ; and  I.  Langmuir,  3-5  for  the  chemical  constant — F.  Simom  gave  0-012. 
M.  Delepine  and  L.  A.  Hallopeau  gave  for  the  heat  of  oxidation,  (W,30)=195-41  Cals, 
at  constant  vol.,  and  196-3  Cals,  at  constant  press.  ; and  (W,20)=131-4  at  constant 
press.  L.  Weiss  gave  321-08  Cals,  per  eq.  for  the  heat  of  combustion.  J.  E.  Moose 
and  S.  W.  Parr  gave  1059  cals,  per  gram,  or  194-9  Cals,  per  mol.  ; WT.  G.  Mixter, 
196-3  Cals,  per  mol.  J.  A.  M.  van  Liempt  observed  that  the  difference  between 
the  heats  of  oxidation  per  gram  atom  of  worked  and  unworked  tungsten,  viz.  193-5 
and  195-0  Cals,  is  within  the  limits  of  experimental  error  ; and  F.  Koref  and  H.  Wolff 
found  the  heats  of  dissolution  of  cold-drawn,  and  recrystallized  tungsten  show  no 
measurable  difference.  G.  N.  Lewis  and  co-workers,  and  E.  D.  Eastman  gave  8-4 
for  the  at.  entropy  of  tungsten  at  25°  ; R.  C.  Tolman,  53-7  at  25°  ; B.  Bruzs  gave 
8-4  at  25°,  and  27-4  at  the  m.p. ; and  W.  Herz,  14-60.  The  subject  was  discussed  by 
W.  M.  Latimer,  W.  Herz,  and  by  E.  D.  Eastman  and  co-workers.  R.  D.  Kleeman 
discussed  the  internal  and  free  energy  of  tungsten. 

H.  von  Wartenberg  6 found  the  index  of  refraction  of  tungsten  to  be  /z= 2-76 ; 
the  absorption  coefficient,  &=2-71 ; and  the  reflecting  power,  R=48-6  per  cent., 
for  A=0-579/x.  A.  G.  Worthing  found  p,  and  k for  tungsten  at  27°  to  be  respec- 
tively 3-86  and  0-81,  and  at  1627°,  respectively  3-85  and  0-89.  W.  W.  Coblentz 
found  for  the  percentage  reflecting  power,  R,  of  tungsten  for  light  of  wave-length  A : 

A . 0-4  0-5  1 0 20  40  60  80  10-0  120 

R . 47-0  49-3  62-3  84-6  92-8  94-6  95-6  95-5  96-3  per  cent. 

J.  T.  Littleton  found  at  room-temp.,  R=54-5  per  cent,  when  A=0-589/z.  The 
subject  was  discussed  by  G.  Jaffe.  F.  E.  Dix  and  L.  H.  Rowse  gave  for  the  indices 


of  refraction,  /z,  extinction  coeff.,  fxk,  and  percentage  reflecting  power,  R 

A . 670  630 

570 

490' 

450 

370 

350 

p . 1-52  1-42 

1-28 

1-11 

1-08 

0-87 

0-82 

/xk  3-65  3-60 

3-27 

2-94 

3-38 

2-78 

2-57 

R . 70-9  70-2 

67-8 

66-0 

69-1 

69-0 

67-1 

W.  Weniger  and  A.  H.  Pfund  studied  the  reflecting  power  of  tungsten  ; and 
R.  Hamer  examined  the  effect  in  the  ultra-violet.  A.  Grau  studied  the  luminosity 
curves  of  tungsten.  A.  G.  Worthing  measured  the  spectral  emissivity,  e,  by  heating 
tungsten  tubes  drilled  with  small  holes,  and  measuring  the  ratio  of  the  brightness  of 
holes  (under  black  body  conditions)  to  the  brightness  of  the  outer  tungsten  surface. 
He  found  for  temp,  up  to  the  m.p.  3655°  K.  : 


K.  . 

. 300° 

1000° 

1500° 

2000° 

2500° 

3000° 

3500° 

m.p. 

0-665/a 

. 0-470 

0-456 

0-445 

0-435 

0-425 

0-415 

0-405 

0-402 

0-467 n 

. 0-505 

0-486 

0-476 

0-469 

0-462 

0-455 

0-449 

0-447 

mean 

— 

0-464 

0-457 

0-452 

0-446 

0-440 

0-434 

0-433 

colour 

— 

0-396 

0-383 

0-370 

0-355 

0-343 

0-329 

0-324 

total 

. 0-032 

0 114 

0-192 

0-260 

0-303 

0-334 

0-351 

0-304 

B.  T.  Barnes  studied  the  emissivity  of  carbonized  tungsten.  E.  P.  Hyde  and 
co-workers  represented  the  relation  between  the  colour  temp.,  Tc,  and  the  total 
radiation,  7r=aTc4-93,  where  a is  a constant.  C.  Zwikker  gave  for  the  spectral 
emissivity,  e A,  for  A=0-665y a,  and  the  total  radiation,  IT,  in  watts  per  sq.  cm., 

T°  K.  . 1200°  1500°  2000°  2500°  3000°  3400° 

eA  . 0-458  0-451  0-440  0-427  0-415  0-407 

IT  . 1-70  5-52  24-0  69-4  162  291 

H.  A.  Jones  gave  for  the  radiation,  I„  from  the  surface  in  watts  per  sq.  cm., 

T°  K. . 273°  300°  500°  1000°  1500°  2000°  2500°  3000°  3655r 

Ir  . 0 0-0416  0-00970  0-602  5-54  23-9  69-2  160-1  399-4 
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C.  Zwikker  found  that  if  B is  the  brightness  of  a black  body  at  Tc,  expressed  in 
international  candles  per  sq.  cm.,  and  B0  the  brightness  of  tungsten  at  T*, 
B=SocC2/2-3303A(21j)—  i — Tf1).  The  subject  was  discussed  by  G.  Holst  and 
co-workers.  The  total  emissivity,  ey,  is  given  by  the  relation  Ir=eToTi,  where  lr 
represents  the  radiation  intensity,  i.e.  the  total  radiation  per  unit  area,  and  a is  a 
constant.  The  normal  brightness,  B,  at  any  temp,  is  the  candle  power  per  sq.  cm. 
measured  in  a direction  normal  to  the  surface  : 

T°  K.  . 1000°  1500°  2000°  2500°  3000°  3500°  m.p. 

B . 000012  0-33  20  0 237-5  1257  4220  5740 

Tungsten  deviates  from  the  cosine  law  for  luminous  radiation  which  requires 
that  an  element  of  the  light  source  shall  appear  equally  bright  from  any  angle 
Actually,  as  the  angle  varies  from  normal  to  grazing  incidence,  the  brightness 
increases  and  decreases  rapidly.  The  efficiency  of  the  light  emissivity  of  a tungsten 
filament  is  measured  by  the  ratio  of  the  input  in  watts  to  the  light  emitted  expressed 
in  terms  of  lumens  per  watt.  Let  1T  denote  the  total  radiation  intensity  in  watts 
per  sq.  cm.  ; and  E,  the  luminous  efficiency  in  lumens  per  watt : 

T°  . 300°  1000°  1500°  2000°  2500°  3000°  3500?  • 3655° 

Ir  ■ 0-0015  0-654  5-55  23-72  67-60  153-9  300  360 

E . — — 0-20  2-78  11-67  27-1  45-9  53-1 

E.  0.  Hulbert  measured  the  variations  in  the  emissivity  of  tungsten  wires  for 
light  of  wave-length  fromA=3200  A.  to  5500  A.  between  1746°  K.  and  2785°  K.,  and 

found  : 

A . 3478  3956  4435  4916  5400  5641  A. 

E . 0-470  0-484  0-466  0-460  0-447  0-436 

Observations  were  also  made  by  F.  Henning,  and  E.  Furthmann.  M.  Luckiesh  and 

F.  K.  Moss  discussed  the  luminosity  of  the  tungsten  lamp.  The  eye  is  not  equally 
sensitive  to  light  of  all  wave-lengths  ; according  to  B.  P.  Dudding  and  C.  J.  Smithells, 
there  is  a maximum  in  the  relative  visibility  for  light  of  wave-length  0-0455  cm. 
The  luminous  value  of  the  radiation  renders  it  necessary  to  multiply  the  energy  at 
each  wave-length  by  the  relative  visibility.  The  efficiency,  E,  increases  as  the 
temp,  is  raised,  but  at  the  same  time  there  is  a slight  decrease  owing  to  the  radiation 
becoming  selective,  and  approaching  that  of  a black  body.  A.  G.  Worthing 
and  W.  E.  Forsythe  found  for  a tungsten  wire  1 cm.  long  and  1 cm.  diameter,  in 
vacuo,  the  following  value  for  the  current,  C amps.,  the  fall  of  potential,  V volts, 
the  resistance,  R ohms,  the  power,  P watts,  and  the  luminous  flux,  in  lumens  : 


r k.  . 

. 300° 

1000° 

1500° 

2000° 

2500° 

3000° 

3500° 

3655° 

R 

. 0-0J18 

32-73 

53-35 

75-20 

98-40 

122-5 

147-2 

155 

V 

. 0-0457 

8-23 

30-7 

75-5 

146-3 

247-7 

381 

428 

c 

. 0-0s8 

0-251 

0-575 

1-004 

1-487 

2-020 

2-59 

2-76 

p 

. 0-00045 

2-068 

17-62 

75-8 

217-5 

501-0 

985 

1180 

Lumens 

. — 

0-0012 

3-3 

208-5 

2490 

13300 

45200 

61800 

B.  E.  Shackelford  discussed  the  difference  in  the  brightness  of  the  inner  and  outer 
surfaces  of  a heated  tungsten  helical  filament ; G.  Ribaud,  the  relation  between  the 
current  and  the  temp,  of  tungsten  filaments  ; and  W.  Geiss,  the  relation  between 
the  total  radiation  and  the  electric  resistance.  The  efficiency  of  a tungsten  filament 
in  vacuo  determines  its  temp.,  and  this  enables  the  temp,  scale  to  be  reproduced. 
R.  E.  Nyswander  measured  the  selective  radiation  in  the  ultra-red  and  found  a 
maximum  for  A=2-3/a  at  1278°  ; for  1-9/x  at  1547°  ; for  1-7 /a  at  1729°  ; for  1-61/a 
at  1826°  ; for  1-52/a  at  1934°  ; for  1-475/a  at  1994°  ; and  for  1-425/a  at  2063°.  The 
bands  of  selective  emission  in  the  ultra-red  observed  by  R.  E.  Nyswander  were 
shown  by  W.  W.  Coblcntz  to  be  atm.  absorption  bands.  The  wave-length  of  the 
maximum  emission  of  a tungsten  filament  lamp  was  1-43/a,  and  with  a carbon  fila- 
ment lamp,  1-48/a.  A.  H.  Taylor  discussed  the  luminous  efficiency  of  tungsten 
filament  lamps  ; H.  B.  Dorgelo,  the  absorption  of  light  by  tungsten  ; A.  G.  Worthing 
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the  deviations  of  the  light  from  the  cosine  law ; W.  E.  Forsythe  and  F.  Christison, 
A.  L.  Hellgott,  and  B.  T.  Barnes,  the  energy  of  the  radiation ; and  H.  C.  von  Alphen, 
the  radiation. 

The  emission  of  electrons  from  hot  tungsten  has  been  studied  by  0.  W.  Richard- 
son,7 H.  Jones  and  R.  Whiddington,  N.  A.  de  Bruyne,  T.  E.  Stern  and  co-workers, 
H.  L.  van  Velzer  and  W.  R.  Ham,  E.  H.  Hall,  A.  H.  Warner,  L.  P.  Smith, 
W.  E.  Forsythe  and  E.  M.  Watson,  R.  A.  Millikan  and  C.  C.  Lauritsen,  F.  Rother 
and  E.  Miinder,  P.  A.  Ross,  R.  J.  Piersol,  R.  S.  Bartlett,  I.  Langmuir, 
A.  C.  Davies  and  R.  N.  Moss,  W.  R.  Ham  and  M.  W.  White,  K.  K.  Smith, 
H.  E.  KrefEt,  W.  Hiittemann,  L.  H.  Germer,  E.  Lorenz,  A.  T.  Waterman, 

J.  M.  Eglin,  L.  A.  du  Bridge,  J.  A.  Becker  and  D.  W.  Mueller,  H.  Klumb, 
C.  C.  Lauritsen  and  S.  S.  Mackeown,  L.  I.  Bockstahler,  C.  del  Rosario,  S.  C.  Roy, 

H.  E.  Farnsworth,  H.  E.  Ives,  H.  Hunkel,  F.  E.  Colpitts,  H.  Nukiyama 
and  H.  Horikawa,  W.  B.  Nottingham,  C.  E.  Berger,  E.  Meyer,  E.  Spiller, 
W.  H.  Brattain,  G.  P.  Thomson,  K.  Sixtus,  H.  N.  Kozangwsky,  C.  C.  van  Voorhis 
and  K.  T.  Compton,  and  S.  Dushman  and  co-workers — vide  tantalum,  9.  65,  2, 
According  to  H.  H.  Lester,  the  work,  (f> , done  by  an  electron  in  escaping  from  the 
surface  of  tungsten  is  4-478  eq.  volts ; and,  according  to  R.  Hamer,  the  longest 
wave-length  of  radiation  which  can  cause  photoelectric  emission  of  electrons 
is  2615  A.  S.  Dushman  and  co-workers  found  for  the  electronic  current, 
i=Q0-2T2e~5260°lT ; and  the  relations  between  the  emission  in  amperes  per  sq. 
cm.  and  temp,  calculated  from  this  equation  for  well-aged  tungsten  filaments  as 
well  as  for  thoriated  tungsten,  are  : 

T°  K.  . . 800°  1500°  2000°  2500°  2800° 

Electron  J tungsten  . — 7-58x10“ 8 8-92xl0— 4 0-267  3-12 

emission  I Th-tungsten  1-20  X 10~ 11  1-82  Xl0— 2 9-55  117-6(2300°)  — 

C.  Zwikker  made  observations  on  this  subject ; he  found  for  the  thermionic  emission, 
i=Q0-2T2e~5223°lT  amp.  per  sq.  cm.,  or 

T°  K.  . . 1500°  2000°  2600°  3000°  3400° 

i . . . 0-0,102  0-00112  0-302  14-9  149 

I.  Langmuir  found  that  higher  values  for  electron  emission  are  obtained  from 
filaments  containing  1 to  2 per  cent,  thoria.  With  an  ordinary  thoriated  filament, 
the  thorium  is  present  as  the  dioxide,  and  the  electronic  emission  is  the  same  as  for 
tungsten  alone  ; but  if  the  temp,  is  raised  above  2600°  K.,  the  thoria  reacts  with 
the  tungsten  to  form  thorium.  This  reaction  was  studied  by  C.  J.  Smithells. 
I.  Langmuir  found  that  the  thoriated  filament  heated  to  2600°  K.  gives  the  normal 
value  for  tungsten  at  1500°  K.  since  the  thorium  metal  will  have  evaporated  from 
the  surface.  It  is  therefore  necessary  after  flashing  the  thoriated  filament  at 
2800°  K.  for,  say,  3 min.  to  lower  the  temp,  to  about  2000°  K.  to  allow  the  thorium 
to  diffuse  to  the  surface  from  the  interior.  The  emission  at  1500°  K.  is  then 
100,000  times  the  value  for  tungsten  alone — vide  supra.  If  the  temp,  is  kept  below 
1900°  K.,  this  high  value  is  retained  indefinitely,  but  it  is  destroyed  above  2200°  K. 
owing  to  the  volatilization  of  the  thorium.  According  to  A.  S.  Cachemaille,  and  the 
British  Thomson-Houston  Co.,  the  presence  of  reducing  agents  like  carbon,  or 
boron,  or  tungsten  carbide  favours  the  reduction  of  the  thoria  to  thorium. 
W.  G.  Burgers,  and  J.  A.  M.  van  Liempt  discussed  this  subject.  I.  Langmuir  and 

K.  H.  Kingdon  found  that  the  thorium  surface  is  destroyed  by  bombardment  with 
positive  ions.  The  lowest  voltage,  V,  at  which  spluttering  occurs  in  different  gases  ; 
and  the  ratio,  n,  of  the  thorium  atoms  removed  to  the  number  of  impacting  ions 
at  150  volts,  are  : 


'H 

Nc 

Ar 

Cs 

Hg 

He 

V 

. 600 

45 

47 

52 

55 

(36) 

n 

0 

0-023 

0080 

0-084 

0044 

000015 

I.  Langmuir  and  co-workers,  and  J.  A.  Becker  also  found  that  if  the  tungsten 
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filament  be  Heated  to  1200°  in  tbe  sat.  vapour  of  caesium,  the  caesium  is  attracted 
by  tbe  tungsten  surface,  and  provided  tbe  temp,  is  below  1200°  K.,  the  metals 
evaporate  so  slowly  that  tbe  surface  becomes  covered  with  a layer  of  caesium  ions, 
and  tbe  electron  emission  is  greatly  augmented.  If  the  filament  has  a layer  of 
adsorbed  ions,  tbe  caesium  ions  are  retained  more  firmly.  According  to  S.  Kalandyk, 
iodine  decreases  tbe  positive  emission  of  a new  tungsten  filament,  but  does  not  affect 
one  previously  heated.  It  also  increases  tbe  Negative  emission  from  tungsten. 
W.  H.  Crew  found  that  light  augments  tbe  emission  of  electrons  from  hot  filaments. 
R.  H.  Fowler  discussed  tbe  electron  theory  of  thermionic  emission  ; C.  C.  van 
Voorhis  and  K.  T.  Compton,  tbe  work  of  condensation  of  tbe  electrons ; and 
M.  Pirani  and  H.  Schonborn,  electronic  collision.  J.  A.  M.  van  Liempt  tried  with 
good  results  tbe  association  of  0-1  to  3 per  cent,  of  hafnia  in  place  of  tboria  in  tungsten 
lamp  filaments. 

W.  A.  Jenkins  8 found  that  slow-moving  positive  ions  are  emitted  by  tungsten 
when  its  temp,  exceeds  2500°.  R.  L.  Kenworthy,  L.  P.  Smith,  E.  Meyer, 
E.  T.  S.  Appleyard,  H.  B.  Wahlin,  and  P.  K.  Mitra  studied  tbe  emission  of  positive 
ions  from  hot  tungsten  filaments  ; and  S.  Kalandyk,  from  filaments  in  iodine 
vapour.  C.  Kenty  and  L.  A.  Turner  observed  that  active  nitrogen  adsorbed  by 
tungsten  reduces  tbe  thermionic  current.  O.  Stuhlman  found  that  the  minimum 
potential  for  tbe  emission  of  secondary  electrons  is  372  volts,  and  R.  L.  Petry 
observed  that  secondary  electronic  emission  occurred  with  the  primary  potentials, 
11-0,  17-1,  25-2,  29-3,  40-5,  46-0,  89-5,  and  271-5  volts  ; S.  C.  Roy  found  that  the 
thermionic  emission  from  tungsten  between  1900°  K.  and  2700°  K.  is  due  to  the 
photoelectric  activity  of  the  radiation  from  the  bodies  themselves.  R.  H.  Whidding- 
ton  discussed  the  velocity  of  the  electrons  liberated  from  tungsten  by  X-rays  ; 
A.  G.  Worthing,  the  pulsating  thermionic  discharge  in  evacuated  tungsten  lamps  ; 
H.  E.  Farnsworth,  the  electronic  bombardment  of  tungsten  surfaces  ; W.  de  Groot, 
the  temp,  and  electronic  emission  of  the  tungsten  arc  ; C.  Davison  and  L.  H.  Germer, 
A.  H.  Warner,  and  T.  H.  Harrison,  the  thermionic  work  function ; J.  F.  Congdon, 
the  kinetic  energy  of  the  electrons  from  a hot  tungsten  filament ; A.  C.  Davies  and 
R.  N.  Moss,  and  N.  B.  Reynolds,  the  loss  of  thermionic  activity  by  thoriated  tungsten 
filaments  ; and  R.  Hamer,  and  H.  Klumb,  the  photoelectric  effect. 

The  visible  and  ultra-red  spectrum  of  an  incandescent  tungsten  wire  at  2200° 
is  continuous.  The  spectrum  is  plotted  in  Fig.  12 — A-  W.  Hull.9  The  shaded 
portion  represents  the  visible  part.  If 
the  wave-lengths  were  all  reduced  ten- 
thousandfold, the  curve  would  coincide 
very  nearly  with  the  dotted  line  in  Fig.  13. 

J.  N.  Lockyer  observed  the  lines  5514-9 
and  5492-6  in  the  oxy-coal  gas  flame 
spectrum.  The  spark  spectrum  of  tung- 
sten was  examined  by  W.  A.  Miller, 

R.  Thalen,  E.  Demargay,  F.  Exner  and 
E.  Haschek,  A.  Hagenbach  and  H.  Konen, 

A.  G.  G.  Leonard,  H.  W.  Vogel,  J.  H.  Pol- 
lok,  H.  B.  Lemon,  A.  G.  Worthing  and 

R.  Rudy,  and  J.  M.  Eder  and  E.  Valenta. 

The  chief  lines  are  5734  in  the  yellow ; 

5514,  5492,  522^,  5071,  5069,  5053,  5015,  and  5008  in  the  green  ; 4888  and  4843 
in  the  blue ; and  4302,  4295,  and  4269  in  the  indigo-blue.  E.  J.  Allin  and 
H.  J.  C.  Ireton,  and  E.  O.  Hulbert  discussed  the  spectrum  of  the  spark  in  water ; 

S.  Smith,  the  spectra  of  electrically  exploding  wires  ; and  C.  Porlezza  and  A.  Donati, 
the  spectroscopic  detection  of  tungsten.  The  arc  spectrum  was  studied  by 
J.  N.  Lockyer,  M.  Belke,  W.  J.  Humphreys,  C.  C.  Kiess  and  W.  F.  Meggers, 
A.  Sellerio,  F.  Exner  and  E.  Haschek,  C.  B.  Hasselberg,  O.  Hagenbach  and  H.  Konen, 
W.  E:  Forsythe  and  M.  A.  Easley,  and  J.  M.  Eder  and  E.  Valenta  ; and  the  ultra- 


Fig.  12. — The  Spectrum  of  Incandescent 
Solid  Tungsten. 
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violet  spectrum,  by  W.  A.  Miller,  M.  Bayen,  0.  Lohse,  T.  Aden,  L.  and  E.  Bloch, 
M.  Lulkiesch,  Y.  Schumann,  and  F.  Exner  and  E.  Haschek.  According  to 
W.  H.  Fulweiler  and  J.  Barnes,  the  light  from  the  tungsten  arc  under  water  gives  a 
continuous  spectrum  in  the  ultra-violet.  The  ultra-red  spectrum  is  discussed  above. 
M.  Luckiesh  has  shown  that  the  ultra-violet  spectrum  of  tungsten  electrodes  in 
quartz  bulbs  with  argon  may  be  considered  for  some  purposes  as  approximately 
continuous  between  300 fj.fi  and  400 /i/i,  although  with  short  exposures  the  spectrum 
is  fluted.  The  quartz  mercury  arc  in  this  region  emits  many  lines,  but  the  spectrum 
does  not  approximate  continuity.  W.  E.  Forsythe  and  F.  Christison  calculated  the 
energy  of  the  ultra-violet  spectra. 

The  influence  of  'pressure  on  the  spectrum  was  examined  by  W.  J.  Humphreys  ; 
and  of  a magnetic  field— the  Zeeman  effect — by  P.  Zeeman,  and  R.  Jack.  H.  B.  Dor- 
gelo  studied  the  absorption  spectrum  of  the  vapour.  No  characteristic  absorption 
spectrum  of  soln.  of  the  tungsten  salts  has  been  observed,  and  J.  Formanek  observed 
no  reaction  with  tincture  of  alkanna.  J.  H.  Pollok  examined  the  spectra  of  soln.  of 
tungsten  salts  ; and  C.  Horner,  the  spectra  of  beads  of  the  oxide  with  boric  acid,  and 
phosphoric  acid.  A.  de  Gramont  said  that  the  lines  2397-110,  3215-578,  3613-793, 
4008-769,  and  4302-123  are  les  raies  ultimes.  No  series  spectrum  has  been  observed, 
but  E.  Paulson  has  noted  some  pairs  with  constant  differences.  The  subject  was 
studied  by  P.  G.  Nutting,  H.  Beining,  O.  Laporte,  and  J.  Stock.  J.  C.  McLennan 
and  co-wrorkers  discussed  the  relation  between  the  electronic  structure  and  the 
spectrum. 

The  X-ray  spectrum  of  tungsten  is  continuous  and  it  extends  over  four  octaves, 
from  the  wave-length  0-12  xlO-8  cm.  to  2xl0— 8cm.  The  spectrum  illustrated 

by  Fig.  13  was  obtained  by  A.  W.  Hull  10 
with  an  ionization  chamber  and  an  electro- 
meter-current 1-2  milliamperes  and  100,000 
volts.  The  dotted  line  was  obtained  at 
70,000  volts,  and  this  was  not  high  enough 
to  excite  the  K-lines.  The  diagram  repre- 
sents four  lines  on  the  short  wave-length 
end  of  the  spectrum ; they  form  the 
K-series,  and  are  designated  the  a and 
a doublet,  j3,  and  y.  Another  group  of 
about  12  lines  with  wave-lengths  nearly 
ten  times  those  of  the  K-series  form  the 
L-series.  The  X-ray  spectrum  was  studied 
by  M.  de  Broglie,  P.  Gunther,  J.  Herweg, 
J.  Barnes,  K.  T.  Compton  and  C.  H.  Thomas,  A.  H.  Compton,  A.  Smekal, 

E.  Lorenz,  A.  \V.  Hull  and  M.  Rice,  W.  S.  Gorton,  H.  G.  J.  Moseley,  etc. 
The  K-series  comprises  the  lines  a2a,  0-21352  A. ; ajcq,  0-20885  A.  ; <13,  0-215  A. ; 
j3j(S,  0-18436  A.  ; and  jS2y,  0-17940  A.  The  limit  of  the  K-absorption  is  0-1782  A. 
The  K-series  was  studied  by  E.  Dershem,  W.  Duane  and  co-workers,  M.  de 
Broglie,  K.  C.  Mazumder,  H.  R.  Robinson,  S.  K.  Allison  and  W.  Duane,  C.  B.  Crofutt, 
M.  C.  Magarian,  V.  Posejpal,  B.  Walter,  H.  Purks,  P.  A.  Ross,  A.  Bouwers,  D.  Coster, 
A.  Leide,  G.  Rechou,  C.  D.  Niven,  A.  Smekal,  P.  Auger,  C.  B.  Crofutt,  H.  G.  J.  Mose- 
ley, J.  E.  Mack  and  J.  M.  Cork,  J.  M.  Cork,  B.  R.  Stephenson  and  J.  M.  Cork, 

F.  K.  Richtmjrer,  J.  Thibaud  and  A.  Soltan,  O.  B.  Overn,  M.  Siegbahn,  R.  Ledoux- 
Lebard  and  A.  Dauvillier,  A.  E.  van  Arkel  and  W.  G.  Byrgers,  G.  Agte  and  K.  Becker, 
L.  Y.  Faust,  etc.  R.  Berthold  compared  the  ionizing  and  photographic  effects  of 
the  K-series  of  X-rays.  The  L-series  comprises  the  lines:  a2a',  1-48452  A.; 
aja!,  1-47348  A.  ; /3](8,  1-2791  A.  ; $>y,  1-24191  A. ; yiS,  1-09553.A. ; <?,  1-67505  A. ; 
p,  1-4177  A.  ; p-0t,  1-2118  A. ; y20,  1-06584  A. ; )S4v>  1-29874  A. ; &<£,  1-26000  A. ; y2x- 
1-05965  A.  ; andy4</i,  1-02647  A.  The  limits  of  the  L-absorption  are  1-2136  A.  ; 
L2,  1-0726  A.;  and  A‘Si  1-024  A.  The  L-series  was  studied  by  G.  Wentzcl,  M.  Sieg- 
bahn, C.  D.  Niven,  H.  Brauns,  M.  Siegbahn  and  E.  Frimau,  E.  Friman,  F.  C.  Hoyt, 


Fig. 


] 3. — X-ray  Spectrum  of  Tungsten 
(100,000  volts). 
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0.  B.  Overn,  J.  M.  Cork,  P.  Kirkpatrick  and  I.  Mayike,  R.  Ledoux-Lebard  and 
A.  Dauvillier,  S.  Idei,  W.  Duane  and  co-workers,  J.  S.  Rogers,  E.  Hjalmar,  D.  Coster, 
M.  de  Broglie,  E.  Dersham,  A.  Smekal,  H.  R.  Robinson  and  C.  L.  Young,  E.  C.  Wat- 
son and  J.  A.  van  der  Akker,  Y.  Nishina,  B.  B.  Ray,  C.  B.  Crofutt,  S.  K.  Allison  and 
A.  H.  Armstrong,  H.  Hirata,  J.  S.  Rogers,  U.  Yoshida  and  S.  Tanaka,  A.  Dauvillier, 
W.  H.  Love,  J.  Zahradnicek,  A.  Sandstrom,  S.  Idei,  H.  J.  G.  Moseley,  etc.  The 
M-series  comprises  the  lines  4-433  A.  ; 5-167  A.  ; 5-356  A.  ; 5-607  A.  ; y,  6-083  A.  ; 
6-123  A. ; 6-271  A.  ; 6-720  A.  ; £,  6-733  A.,  6-750  A.  ; rj2,  6-789  A.  ; v,  6-857  A.  ; 
a,  6-948  A.  ; a,  6-963,  7-349  A.,  9-549  A.,  and  8-948.  The  limits  of  the  M- 
absorption  are  Mx,  6-708  A.  ; M2,  6-475  A.  ; M3,  5-416  A.  ; M3',  5-380  A.  ; il/4, 
4-800  A.  ; and  M5,  4-365  A.  The  M-series  was  studied  by  M.  Thorseus,  J.  H.  van 
der  Tuuk,  A.  Jonsson,  E.  Lindberg,  E.  Lorenz,  K.  Molin,  R.  Y.  Zumstein,  G.  Wentzel, 
C.  D.  Niven,  A.  Jonsson,  E.  Hjalmar,  M.  Siegbahn,  D.  Coster,  and  A.  Dauvillier  ; 
and  the  N-series  and  the  O-series  by  C.  T.  Chu,  J.  A.  Becker,  E.  Lorenz,  C.  D.  Niven, 
and  0.  Stuhlman  ; and  the  P-series  by  C.  D.  Niven.  W.  Ehrenberg  and  co-workers 
studied  the  subject.  W.  Herz  gave  5-87  xlO6  for  the  vibration  frequency. 

C.  J.  Smithells  and  H.  P.  Rooksby’s11  X-ray  diffraction  patterns  of  tungsten 
and  its  oxides  are  given  in  Fig.  14.  C.  B.  Bozzani  and  C.  T.  Chu  obtained  critical 
values  for  the  X-rays  from  tungsten  at  33-6,  34-6,  39-2,  56-6,  and  71  volts. 
H.  R.  Robinson  studied  the  secondary  corpuscular  rays  produced  by  X-rays  on 
tungsten  ; D.  Nasledoff  and  P.  Sharavsky,  the  intensity  of  the  radiation  from 
X-ray  tubes  ; G.  Kirsch  and  H.  Pettersson,  the  action  of  a-rays  ; and  G.  B.  Bando- 
padhyaya,  the  photoelectric 
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14. — X-ray  Diffraction  Patterns  of  Tungsten 
and  its  Oxides. 


action  of  soft  X-rays  ; A.  H. 

Warner,  the  photoelectric 
effect.  T.  E.  Auren  found  the 
at.  absorption  coefficient  for 
X-rays  to  be  308  when  that 
for  lead  is  569  and  that  for 
water  is  unity.  V.  Posejpal, 

L.  M.  Alexander,  F.  W.  War- 
burton  and  F.  K.  Richtmyer, 
and  S.  J.  M.  Allen  discussed 
this  subject.  S.  K.  Allison  and  W.  Duane,  A.  H.  Compton  and  A.  W.  Simon, 
F.  Kirchner,  G.  Hagen,  A.  Claasen,  and  P.  A.  Ross  discussed  the  scattering  of  X-rays 
by  molybdenum,  and  the  Compton  effect ; A.  Jonsson,  and  A.  Bouwers,  the  intensity 
of  the  X-rays  ; G.  P.  Thompson,  the  diffraction  of  cathode  rays  ; G.  L.  Clark  and 
W.  Duane,  the  secondary  and  tertiary  X-rays  from  tungsten  ; K.  T.  Compton  and 
C.  H.  Thomas,  0.  W.  Richardson  and  F.  S.  Robertson,  and  J.  C.  Boyce,  the  soft 
X-rays  from  tungsten  ; H.  R.  Robinson  and  A.  M.  Cassie,  and  R.  Whiddington, 
the  emission  of  electrons  from  tungsten  bombarded  by  X-rays ; W.  H.  Rothery, 
and  R.  A.  Houstoun,  the  absorption  of  X-rays ; J.  A.  Becker,  the  velocity  of 
electrons  exerted  by  X-rays ; 0.  W.  Richardson  and  co-workers,  the  excitation 
voltage  of  soft  X-rays  from  tungsten  ; C.  C.  van  Voorhis  and  K.  T.  Compton,  the 
heats  of  condensation  of  electrons  ; and  U.  Nakaya,  and  L.  P.  Davis,  the  effect  of 
oxidation  on  the  emission  of  soft  X-rays.  M.  de  Broglie  examined  the  a-ray 
spectrum.  W.  G.  Guy  observed  no  evidence  of  radioactivity.  G.  I.  Pokrovsky, 
however,  found  evidence  of  radioactivity  when  the  element  is  exposed  to  short-wave 
radiation — soft  X-rays,  and  y-rays.  N.  Koboseff  and  N.  I.  Nebressoff  observed 
that  free  hydrogen  atoms  are  produced  by  the  cathodic  polarization  of  tungsten  ; 
and  J.  K.  Roberts  discussed  the  energy  between  the  atoms  of  helium  and  tungsten. 
0.  W.  Richardson  and  F.  S.  Robertson  studied  the  photoelectric  effect  ; and 
A.  H.  Warner  found  that  the  effect  with  tungsten  is  limited  by  a wave-length  of 
2570  A.,  and  the  limit  is  not  affected  by  temp,  up  to  1140°  K.  R.  B.  Jones  gave 
2338  A.  for  the  limiting  wave-length.  T.  Pavolini  studied  the  photoelectric  effect ; 
E.  0.  Lawrence  and  L.  B.  Linford,  the  effect  with  thin  films  of  oxygen,  and  potassium 
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on  tungsten ; and  R.  Suhrmann  and  F.  Breyer,  with  a film  of  sodium  on 
tungsten. 

J.  Lifschitz,  and  R.  T.  Dufford  investigated  the  volta-luminescence  which  occurs 
when  an  electric  current  is  passed  through  an  electrolyte  under  certain  conditions 
using  tunsten  electrodes.  P.  E.  Shaw  and  C.  S.  Jex12  found  that  when  rubbed  on 
glass,  tungsten  always  acquires  positive  triboelectricity.  M.  Forro  and  E.  Patai 
found  the  contract  potential  of  sodium  against  tungsten  to  be  2-2  volts ; I.  Langmuir 
and  co-workers  measured  the  contact  potentials  of  tungsten  filaments  against  fila- 
ments with  adsorbed  caesium ; and  N.  B.  Reynolds,  the  contact  potentials  of 
thoriated  tungsten  filaments. 

The  electrical  resistance  and  the  temp,  coeff.  of  the  resistance  of  tungsten 
wires  varies  with  the  different  samples.  0.  Ruff  found  that  rods,  a metre  long 
and  2 sq.  mm.  sectional  area,  made  of  the  compressed  powder  and  then  heated  to 
2600°  to  2650°,  had  a resistance  R=O-5487+O-OOO5144(0-12OO)+O-O62(0-12OO)2, 
at  a temperature  between  1200°  and  2940°.  A.  Muller  found  that  a wire  a metre 
long  and  1 sq.  mm.  sectional  area,  had  a resistance  of  0-72  ohm.  I.  Langmuir 
gave  6-37  xlO-6  ohm  at  0°,  and  90-34  x 10-6  ohm  at  2027°.  For  squirted 
filaments,  unused,  M.  von  Pirani  gave  R= 6 X 10~6  to  12  X 10-6  ohm  per  cm.  cube 
at  20°  ; and  after  being  in  use  for  1000  hrs.,  R— 5-5  X 10-6  to  5-7  X 10-6  ohm  at 
20°.  The  temp,  coeff.  between  20°  and  100°  was  0-415  per  cent,  per  degree. 
J.  H.  Dellinger  found  the  sp.  resistance  of  a squirted  rod  of  tungsten,  20  cm. 
long,  and  1-2  mm.  diam.,  to  be  0-0563  to  0-0569  ohm  at  21-8° — this  is  nearly 
4 times  the  resistance  of  copper.  According  to  J.  W.  Avery  and  C.  J.  Smithells, 
the  resistance  falls  rapidly  in  the  early  stages  of  working  and  reaches  a minimum 
when  the  density  is  a maximum ; it  then  increases  at  a uniform  rate  which  is 
approximately  an  exponential  function  of  the  diameter. 

A.  G.  Worthing  gave  for  the  resistance  from  300°  to  the  m.p.,  3655°  : 

T°  K.  . 300°  500°  1000°  1500°  2000°  2500°  3000°  3500°  3655° 

.RxlO6  5-64  10-74  25-70  41-85  59-10  77-25  96-2  115-7  121-8 


The  results  can  be  represented  by  the  relation  R/I?0=(r/T0)1’2  between  1000°  and 
3200°,  where  R0  denotes  the  resistance  at  1000°.  H.  A.  Jones  gave  the  results  Rlt 
and  C.  Zwikker,  R2  : 


T°  K.  . 

273° 

500° 

1000° 

1500° 

2000° 

2500° 

3000° 

3500° 

3655° 

.RjXlO6 

5-00 

10-56 

24-90 

40-35 

56-67 

73-83 

92-00 

111-1 

117-1 

RZX  106 

— 

— 

30-9(1200°) 

40-2 

56-7 

74-0 

92-3 

107-8(3400°) 

H.  Pecheux  gave  18-9  x 104  mho  for  the  electrical  conductivity  at  0° ; I.  Langmuir, 
20-0 xlO4  mho  at  0°;  and  M.  von  Pirani,  17-9 XlO4  mho.  For  hard-drawn  wires, 
C.  G.  Fink,  and  W.  D.  Coolidge  gave  for  the  resistance  R— 0-0562  ohm  at  25°,  and 
after  annealing,  0-0550  ohm  at  25° — the  temp,  coeff.  of  the  hard-drawn  wire 
between  0°  and  70°  was  0-51  per  cent,  per  degree  ; S.  Weber  gave  0-0549  at  0°,  with 
a temp,  coeff.  of  0-46  per  cent,  between  0°  and  23°.  M.  von  Pirani  observed  no 
marked  difference  in  the  temp,  coeff.  of  drawn  and  squirted  wires  at  high  temp. 
He  found  : 

-180°  0°  20°  100°  200°  500°  1000°  1500°  2000° 

R . 0-0698  0-06512  0-0656  0-0s745  0-0e990  0-0*179  0-0*336  0-0*514  0-0471I 

From  these  measurements,  O.  M.  Corbino  calculated  the  temp,  coeff.  of  the 
resistance  R at  6°  to  be  a—(dR/dd)/R,  or  a=0-00124  at  800°  ; 0-00094  at  1050° ; 
0-00081  at  1250°;  0-00067  at  1450°;  0-00075  at  1800°;  and  0-00076  at  1850°. 
A.  Schulze  gave  a=0-00413  from  20°  to  100°  ; 0-0050  from  400°  to  800°  ; 0-0058 
from  1000°  to  1200°  ; and  0-009  up  to  2000°.  A.  A.  Somerville  found  at  25°,  100°, 
500°,  and  1000°,  a=(dR/d9)/R0,  the  respective  values  0-0046,  0-0050,  0-0057,  and 
0-0089,  and  his  results  for  the  resistance,  and  the  temp,  coeff.  of  the  resistance  arc 
plotted  in  Fig.  15.  P.  W.  Bridgman  gave  for  the  temp,  coeff.  0-00322  between 
0°  and  100°  ; and  L.  Holborn  gave  for  a wire  0-1  mm.  in  diameter  which  had  been 
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heated  for  a long  time  in  vacuo,  a =0-00435,  0-00465,  and  0-00547,  respectively  at 
—135°,  50°,  and  350°,  and  for  the  ratio  of  the  resistance  R at  8°,  and  R0  at  0°  : 


-78-3°  -80°  -100°  -120°  -140°  -160°  -180°  -192  8° 

R/R0  . . 0-6509  0-644  0-557  0-469  0-382  0-295  0-208  0-1529 


W.  Geiss  and  J.  A.  M.  van  Liempt  gave  for  the  sp.  resistance  of  purified  single 
crystals  of  tungsten,  A=0-05491  ohm.,  and  the  temp,  coeff.  0-00481.  The  electrical 
conductivity  is  not  affected  by  the 


orientation  of  the  crystal,  and  the  same 
values  were  obtained  when  the  single 
crystals  were  converted  by  drawing  and 
annealing  into  fine-grained  metal.  They 
found  that  the  sp.  resistance  is  increased 
160  per  cent,  by  the  cold  working  of  the 
metal,  and  the  temp,  coeff.  of  the  re- 
sistance is  reduced  60  per  cent.  The 
mixture  law,  that  for  solid  soln.,  the 
product  of  the  sp.  resistance  and  the 
temp,  coeff.  remains  constant,  applies 
ter  a pure  metal  after  working  in  the  cold. 


0-0084  ^ 
o-oo78 
0-007Z  ^ 
0-0066  ^ 


0-0054  $ 
0-0048 
0-0042  ^ 


Fig.  15. 


-The  Effect  of  Temperature  on  the 
Resistance  of  Tungsten. 


The  change  in  conductivity  is  not 
due  to  lattice  modification,  nor  to  change  in  orientation  of  atomic  axes ; it  is 
connected,  as  is  also  the  change  in  mechanical  properties,  with  the  inter- 
crystalline relations.  By  cold  working,  as  also  by  taking  up  a solid  soln.  com- 
ponent, the  energy  content  of  a metal  is  increased : calculation  from  the 
electrical  measurements  indicates  an  increase  of  775  cals,  per  gram  atom  of 
tungsten  after  cold  working.  F.  Koref  noted  a change  in  the  electrical  resistance 
of  single  crystal  wires  by  tempering.  According  to  J.  Tsukamoto.  the  sp.  electrical 
resistance  of  drawn  tungsten  wire  containing  one  per  cent,  of  thorium,  is  de- 
pendent upon  the  fineness  of  the  tungsten  powder  from  which  the  wire  was 
made,  on  the  time  of  sintering,  and  on  the  temp,  of  drawing.  At  20°,  the  sp. 
resistance  of  a rod,  0-47  cm.  sq.,  is  6-1  microhms,  which  falls  to  a minimum  of  5-7 
microhms  on  drawing  down  to  a diameter  of  4-5  mm.  Further  drawing  increases 
the  resistance  to  6-0  microhms  at  0-35  mm.  diameter,  and  to  7-1  microhms  at 
0-015  mm.  diameter.  J.  C.  McLennan  and  co-workers  studied  the  conductivity 
at  low  temp.,  2-2°  K.,  and  found  the  temperature-resistance  curve  to  be  normal. 
E.  Griineisen  and  E.  Goens  studied  the  relation  between  the  electrical  and  thermal 
conductivities  ; W.  Geiss  and  J.  A.  M.  van  Liempt  found  that  tungsten  conforms 
with  Matthiessen’s  rule  as  to  the  constancy  of  the  product  of  the  sp.  resistance  and 
the  temp,  coeff.  of  the  resistance  and  for  the  ratio  of  the  resistance  R at  8°,  and  R0  at 
0°.  B.  Beckman  measured  the  influence  of  pressure  ; and  P.  W.  Bridgman  found 
for  press.,  p,  up  to  12,000  kgrms.  per  sq.  cm.,  and  for  temp.  0°  to  100°,  the  press, 
coeff.  of  the  resistance  : 


R 

Press  ( 0 kgrm- 
Coeff.  I 12,000  kgrms. 
( average 


0° 

1-000 

-0-0£1487 

-0-061373 

-0-0.1430 


25° 

1-0743 

— 0-061497 

— 0-051399 

— 0-0s1444 


50° 

1-1486 

-0-051507 

-0-061409 

-0-0.1458 


75° 

1-2229 

-0-061518 

-0-0.1426 


1000° 
1-2973 
— 0-0s1530 


-0-0.1472  -0-0.1486 


E.  D.  Williamson  gave  0-9838  for  the  ratio  of  the  resistance  at  pressures  of  12,000 
kgrms.  and  1 kgrm.  per  sq.  cm.  U.  Fischer  found  for  the  effect  of  pressure  on  the 
resistance  —(l/R)(dR/dp),  at  15°,  0-1°,  — 185°,  and  —252-7°,  the  respective  values 
0-05159,  0-0s155,  0-0528,  and  0-05495.  H.  Rolnick  found  that  under  a tensile  stress 
the  fractional  change  of  resistance  is  SR/i2=0-000194.  R.  Becker  and  F.  Born 
found  a difference  of  less  than  5 per  cent,  in  the  conductivity  parallel  and  per- 
pendicular to  the  direction  of  rolling.  G.  Tammann  and  M.  Staumanis  discussed 
the  effect  of  cold  work  on  the  electric  resistance ; A.  Dehissov,  the  effect  of  the 
electric  current  on  the  temp,  of  a thin  wire  ; the  effect  of  the  press,  of  hydrogen 


718 


INORGANIC  AND  THEORETICAL  CHEMISTRY 


on  the  electrical  resistance  of  a filament ; and  P.  Kapitza,  the  effect  of  a magnetic 
field  on  the  electrical  conductivity.  K.  Hojendahl,  A.  T.  Waterman,  and 
O.  Feussner  discussed  the  electronic  theory  of  conductivity.  S.  Smith  measured 
the  conductivity  of  the  vapour  of  tungsten.  I.  Langmuir  and  co-workers  calculated 
the  losses  at  the  leads  of  tungsten  filament  lamps. 

A.  G.  Worthing,  in  his  study  of  the  effect  of  the  direction  of  the  heating  current 
on  the  temp,  variation  near  a leading  in  wire  of  a tungsten  filament  lamp,  measured 
the  thermoelectric  force — the  Thomson  effect — and  found  for  the  Thomson  effect 
at  1800°,  2000°,  and  2200°  in  microvolts  per  degree,  respectively,  —18,  —22, 
— 26,  and  — 30.  Tungsten  appears  to  be  the  only  known  metal  with  a positive 
temp,  coeff.  for  the  Thomson  effect,  a.  C.  Zwikker  gave  for  the  Thomson  effect  in 
millivolts  per  degree  : 

T°  K.  1800°  1900°  2000°  2100°  2200°  2300°  2400° 

a . -18  -20  -22  -24  -26  -28  -30 


P.  W.  Bridgman  found  the  Thomson  effect  with  a couple  composed  of  one  branch 
of  uncompressed  metal,  and  the  other  compressed  at  p kgrms.  per  sq.  cm.,  to  be, 
in  joules  per  coulomb  x 10  per  degree  of  temp. : 


V 

0° 

40° 

80° 

100° 

2,000 

. 2-0 

2-3 

2-6 

2-8 

6,000 

. 8-5 

7-8 

6-5 

6-6 

10,000 

. 3-5 

10-2 

18-7 

23-5 

12,000 

. 9-3 

13-1 

17-3 

19-8 

The  positive  effect  at  the  two  extremes  of  press,  rises  with  temp,  at  a constant 

press.,  but  at  intermediate  press,  it  rises  and  falls 
with  a rise  of  temp.  H.  E.  Smith  measured  the 
effect  of  tension  on  the  Thomson  effect  in  a tungsten 
wire,  and  he  found  that  the  coeff.  increases  with 
tension,  but  when  the  stress  is  relieved,  the  original 
value  is  not  restored  even  though  the  stress  is  below 
the  elastic  limit ; the  coeff.  undergoes  a regular  cycle 
of  changes  with  a repeated  application  and  removal 

0 /z  o /2  o s^ress>  -^8-  With  tungsten  of  99-95  per 

* 10s dynes  per  sq.  cm  cent,  purity,  and  a tension  expressed  in  dynes  per 

Fig  16 The  Effect  of  Ten_  sq.  cm.,  the  Thomson  effect,  a,  expressed  in  cals,  per 

sion  on  the  Thomson  Effect,  coulomb  per  degree,  is  : 

Tension  X 109  0 2-95  5-90  8-85  11-80  dynes 

ctXIO6  . 2-038  2-079  2-106  2-163  2-222  cals. 


P.  W.  Bridgman  found  the  Thomson  effect  against  lead,  at  atm.  press.,  to  be 
represented  by  ct=O-O341(0+273)1O-6  volts  per  degree.  The  Peltier  effect,  P, 
joules  per  coulomb  Xl06,  between  compressed  and  uncompressed  tungsten,  rises 
with  temp,  and  press. : 


V 

0° 

40° 

80° 

100° 

{ 2,000  . 

6-9 

7-7 

9-5 

10-4 

6,000  . 

. 17-2 

23-1 

29-0 

32-0 

10,000  . 

. 30-4 

37-5 

48-3 

56-4 

1 12,000  . 

. 35-7 

45-9 

58-0 

64-8 

The  value  with  the  tungsten-lead  couple  is  p=(l-594-|-O-O3410)/(0+273)xlO_6 
volt.  P.  W.  Bridgman  found  the  thermoelectric  force  of  a couple,  E,  composed  of 
compressed  and  uncompressed  tungsten,  for  values  of  the  press,  up  to  12,000  kgrms. 
per  sq.  cm.,  to  be  positive  ; and  is  about  20  times  as  great  as  the  value  for  molyb- 
denum ; the  thermoelectric  force  also  increases  regularly  with  press,  and  temp. 
Expressing  the  thermoelectric  force  E in  volts  xlO-6  : 


V 

0° 

40° 

80° 

100°  • 

2,000  . 

. 0-22 

0-94 

1-98 

2-63 

6,000  . 

. 0-65 

2-76 

5-92 

7-60 

10,000  . 

. 1-12 

4-61 

9-75 

12-61 

12,000  . 

. 1-33 

5-56 

11-76 

16-41 
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The  thermoelectric  force  of  the  tungsten-lead  couple  is  £■=(  1 -5940-f-O-Ol  7O502)  10— 6 
volt.  W.  W.  Coblentz  obtained  for  the  thermoelectric  force,  E microvolts,  for  the 
tungsten-copper  couple,  a maximum  value  for  E in  the  curve  at  40°  : 

-200°  -100°  0°  20°  40°  100°  150°  200°  250° 

E . -600  -240  0 20  22  -38  -ICO  -340  -590 

W.  M.  Latimer  found  the  thermoelectric  force  of  the  tungsten-silver  couple  to  be 
—2-5  microvolts  at  100°  ; — 6-0  at  200°  ; — 9-2  at  400°  ; and  — 9-8  at  700°. 
E.  Blumenthal  found  the  Peltier  effect  for  tungsten  against  molybdenum  to  be 
4-69  XlO-3  gram  cal.  at  ordinary  temp.,  and  29-3  Xl0~3  gram  cal.  at  1017°. 
W.  Rohn  studied  the  thermoelectric  force  of  tungsten  against  nickel.  S.  Morugina 
gave  for  the  thermoelectric  force  of  the  tungsten-tantalum  couple  10-3  millivolts  at 
1060° ; 16-0,  at  1520°  ; the  tungsten-molybdenum  couple,  S.  Morugina  gave  —3 
millivolts  at  1000°  and  at  1500°  ; and  1-5  millivolts  at  2000°.  A.  G.  Worthing  also 
studied  the  tungsten-tantalum  couple — vide  tantalum.  E.  F.  Northrup  found  the 
thermoelectric  force  of  the  tungsten-molybdenum  couple,  E microvolts,  between 
0°  and  1000°  to  be  represented  by  2?=4-610— O-0O43602,  with,  at  most,  a 4 per  cent, 
error.  The  value  of  E decreases  up  to  530°,  and  then  rises,  being  about  the  same 
as  at  0°  near  1150°,  so  that  at  this  temp,  the  direction  of  the  current  is  the  opposite 
to  what  it  is  at  0° — vide  Fig.  17.  Below  that  temp.,  at  the  hot  junction,  the  current 
flows  from  the  tungsten  to  the  molybdenum.  The  high  m.p.  of  tungsten  makes  it 
valuable  in  the  construction  of  thermocouples  for  high  temp.,  but  they  can  be 
employed  only  in  the  presence  of  a reducing  atmosphere — say  hydrogen,  or  a 
mixture  of  hydrogen  and  nitrogen.  M.  von  Pirani  and 
G.  von  Wangenheim  used  a couple  of  tungsten  against 
an  alloy  of  molybdenum  with  75  per  cent,  of  tungsten 
to  measure  the  m.p.  of  molybdenum.  It  could  be  used 
up  to  3000° ; below  1600°,  the  current  at  the  hot 
junction  flows  from  the  tungsten  to  the  alloy,  and 
reaches  a maximum  of  about  one  millivolt  at  about 
600° ; at  1200°,  the  current  reverses  and  reaches  6 milli- 
volts at  3000°.  G.  Borelius  found  that  the  thermo- 
electric force  of  the  iron-tungsten  couple  at  ordinary 
temp.,  with  tungsten  which  had  been  successively  heated 
at  different  temp.,  and  each  time  rapidly  cooled,  shows 
periodic  changes  when  the  e.m.f.  is  taken  as  a function  of  the  heating  temp. 
R.  Saxon  found  that  when  a piece-of  tungsten  is  placed  between,  but  not  touching, 
two  electrodes  immersed  in  water  and  a current  is  passed  between  the  electrodes, 
the  surface  of  the  intermediate  metal  remains  bright  on  the  side  nearest  the 
cathode,  but  becomes  oxidized  on  the  side  nearest  the  anode,  whilst,  in  some  cases, 
a mixture  of  oxygen  and  hydrogen  in  the  ratio  of  < 1 : 2 is  evolved. 

R.  D.  Kleeman  and  W.  Frederickson  13  found  that  in  distilled  water,  tungsten 
assumes  a negative  charge  when  an  electric  current  is  sent  through  the  liquid. 
A.  S.  Russell  and  S.  W.  Rowell  said  that  the  position  of  tungsten  in  the  electro- 
chemical series  is  approximately  the  same  as  that  of  molybdenum  (g.v.).  H.  H.  Wil- 
lard and  F.  Fenwick  examined  tungsten  as  an  electrode  material.  According  to 
W.  Muthmann  and  F.  Fraunberger,  active  tungsten,  like  iron  and  chromium,  can 
assume  a passive  state,  although  in  some  respects  the  behaviour  of  tungsten  is 
different  from  that  of  chromium.  Its  electrode  potential  is  not  a constant,  but  is 
dependent  on  the  treatment  the  metal  has  previously  received.  Tungsten  is  made 
passive  by  treatment  with  the  oxidizing  agents,  chromic  acid,  nitric  acid,  and  ferric 
chloride,  as  well  as  by  hydrochloric  and  sulphuric  acids.  The  highest  electrode 
potential  which  passive  tungsten  can  receive  by  treatment  with  chromic  acid,  is  0-88 
volt  in  a iV-soln.  of  potassium  chloride  ; in  air,  the  potential  ranges  from  0-35  volt  to 
-0-03  volt.  The  metal  is  activated  by  polishing,  and  its  potential  is  then  —058  volt ; 
and  this  can  be  raised  to  —0*70  volt  by  cathodic  polarization  in  water.  Cathodic 


Fig.  17.  — The  Thermo- 
electric Force  of  a W-Mo 
Couple. 
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polarization  in  acids  or  in  alkali-lye  also  activates  the  passive  metal.  With  a 
tungsten  anode  and  platinum  cathode,  M.  le  Blanc  and  H.  G.  Byers  found  that  when 
sulphuric,  hydrochloric,  and  nitric  acids  in  normal  soln.  are  used  as  electrolytes, 
tungsten  is  practically  unattacked.  In  soln.  of  phosphoric  acid  and  of  sodium 
hydrophosphate  at  high  temp.,  it  dissolves  in  the  sexivalent  form ; at  low  temp., 
however,  the  current  efficiency  is  smaller.  In  oxalic  acid  with  small  currents  and 
at  high  temp.,  the  current  efficiency  reaches  the  theoretical  value,  but  is  much  less 
with  relatively  large  currents  at  room  temp.  The  current  efficiency  also  approxi- 
mates to  the  theoretical  value  in  normal  soln.  of  potassium  hydroxide  and  of 
ammonium  sulphide.  The  change  from  the  active  to  the  passive  (relatively 
insoluble)  form  of  the  metal  is  favoured  by  increasing  the  current  density  and  by 
lowering  the  temp.  They  say  it  is  improbable  that  the  passivity  is  conditioned  by 
the  formation  of  a layer  on  the  surface  of  the  metal ; it  is  more  likely  to  be  connected 
with  a change  in  the  reaction  velocity.  L.  B.  Flexner  and  E.  S.  G.  Barron  measured 
the  potential  of  the  tungsten  electrode  in  various  oxidation-reduction  systems. 
M.  Katalinic  observed  a faint  luminescence  about  a tungsten  anode  in  cone,  sul- 
phuric acid  at  voltages  exceeding  60.  A.  Thiel  and  W.  Hammerschmidt  found  the 
over-voltage  with  tungsten  and  2Ar-H2S04  to  be  0-157  volt  at  25°.  S.  J.  French 
and  L.  Kahlenberg  studied  the  gas-metal  electrode  with  tungsten  and  oxygen, 
hydrogen,  or  nitrogen. 

According  to  E.  Newbery,  tungsten  under  anodic  treatment  in  dil.  sulphuric 
acid,  dissolves  readily  and  shows  no  signs  of  passivity.  The  surface  acquires  a 
very  brilliant,  polished  appearance.  In  alkali-lye,  it  behaves  in  the  same  wav 
as  bismuth.  0.  Sackur  discussed  the  passivity  of  tungsten.  W.  E.  Koerner 
found  that  tungsten  dissolves  anodically  in  aq.  soln.  of  ammonium  hydroxide,  or 
hydroxylamine  ; in  methyl-,  ethyl-,  and  propyl-ammonium  hydroxides  to  form  the 
respective  paratungstates ; and  at  high  current  densities  the  tungsten  becomes 
passive.  Tungsten  also  dissolves  anodically  in  aq.  soln.  of  potassium  and  sodium 
hydroxides  to  form  orthotungstates  ; and  it  becomes  passive  with  high  current 
densities.  Tungsten  dissolves  in  non-aqueous  soln.  of  hydrochloric  acid,  potassium 
chloride  or  fluoride,  sodium  chloride,  etc.,  forming  the  respective  halogen  salts 
without  becoming  passive  ; and  it  dissolves  to  a slight  extent  in  aq.  soln.  of  hydro- 
chloric, sulphuric  or  nitric  acid,  and  potassium  fluoride,  chloride,  bromide  or  iodide 
with  the  formation  of  tungsten  hexahydroxide,  but  the  metal  becomes  passive. 
The  metal  remains  active  only  at  very  low  current  densities. 

The  passivity  of  tungsten  is  due  to  oxide  films,  ranging  in  colour  from  brown, 
blue  and  green  to  yellow.  The  colours  are  pronounced  and  can  be  followed  as  the 
electrolysis  proceeds.  The  films  are  independent  of  the  dissolved  cation  or  anion. 
They  are  due  to  the  OH-ions  reacting  with  the  tungsten.  The  passivity  is  a function 
of  the  colour  of  the  film,  the  colour  varying  with  the  amount  of  oxygen  present. 
The  passivity  varies  directly  with  the  current,  time  and  temp.,  and  inversely  with  the 
solubility  of  the  film,  the  vol.  of  electrolyte  and  the  diffusion  velocity.  If  the  film 
dissolves  as  rapidly  or  more  rapidly  than  it  is  formed,  the  tungsten  will  remain 
active.  The  films  can  be  dissolved  and  the  passivity  destroyed.  Soln.  of  potassium 
hydroxide  and  ammonia  render  passive  tungsten  active.  Soln.  of  acids  and  salts 
make  passive  tungsten  active  if  allowed  to  react  for  some  time  on  it.  Passive 
tungsten  has  been  made  active  overnight  in  distilled  water.  I.  Langmuir  and 
K.  H.  Kingdon  studied  the  contact  potential  differences  between  a clean,  unheated 
tungsten  filament,  and  the  same  filament  coated  with  a film  of  thorium,  caesium, 
or  oxygen. 

In  conjunction  with  the  anodic  soln.  of  tungsten,  the  electrochemical  eq.  was 
determined.  Tungsten  dissolves  sexivalently  in  a soln.  of  ammonia  with  100 
per  cent,  efficiency.  From  the  loss  in  weight  of  a tungsten  anode  in  ammonia  and 
the  coulombs  of  current,  the  electrochemical  equivalent  was  found  to  be  0-3173 
mgrm.  per  coulomb — the  theoretical  value  is  0-3175  mgrm.  per  coulomb. 

W.  E.  Koerner  found  the  single  electrode  potential  of  tungsten  in  normal  soln., 
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referred  to  the  standard  hydrogen  electrode,  to  be  — 0-656  volt  for  KCy  ; —0-315 
volt  for  KOH  ; —0-238  volt  for  NH4OH  ; 0-193  volt  for  H2S04  ; 0-256  volt  for 
HC1;  0-311  volt  for  HN03  ; 0-522  volt  for  KF  ; 0-053  volt  for  KC1 ; 0-589  volt  for 
KBr ; and  0-733  volt  for  KI.  The  electrode  potential  varies  with  the  nature  of 
the  electrolyte.  The  metal  is  negative  to  the  electrolyte  with  soln.  of  the  bases  ; 
and  positive  with  acid  and  salt  soln.  The  soln.  tension  or  solubility  of  a metal  in 
an  electrolyte  is  a function  of  the  electrode  potential ; and  the  solubility  therefore 
is  greatest  in  soln.  of  the  bases,  and  least  in  soln.  of  salts.  Tungsten  is  more  soluble 
in  soln.  of  potassium  cyanide  than  of  the  hydroxide  ; and  more  soluble  in  potassium 
hydroxide  than  in  aq.  ammonia  ; it  is  more  soluble  in  sulphuric  acid  than  in  hydro- 
chloric acid,  and  more  soluble  in  hydrochloric  acid  than  in  nitric  acid.  The  order 
of  solubility  in  soln.  of  the  salts — -KF,  KC1,  KBr,  and  KI — is  in  order  named.  O.  Bauer 
gave  for  the  potential  of  tungsten  against  a one  per  cent.  soln.  of  sodium  chloride  and 
a normal  calomel  electrode,  —0-260  volt  at  the  start  falling  to  —0-235  volt  in  1 hr., 
and  —0-240  volt  in  120  hrs.  A.  Fischer  and  co-workers  measured  the  electromotive 
force  of  the  cell  with  tungsten  in  an  alcoholic  soln.  of  tungsten  hexachloride,  against 
a calomel  electrode  in  contact  with  an  alcoholic  soln.  of  lithium  chloride,  and  found 
for  soln.  with  one-sixth  mol  of  the  hexachloride  in  v litres  : 

v . 1-30  2-82  5-82  9-84  123  417  925 

E.m.f.  0-504  0-492  0-474  0-465  0-399  0-362  0-349  volt. 

They  calculated  the  normal  potential  of  tungsten  in  an  alcoholic  soln.  of  sexi valent 
tungsten  to  be  0-68  volt ; and  in  aq.  soln.,  0-61  volt.  These  values  are  based  on 
questionable  assumptions.  They  infer  that  tungsten  is  nearly  as  noble  a metal  as 
silver  ; and  in  the  electrochemical  series,  tungsten  occupies  a place  between  antimony 
and  mercury.  Passivity  was  not  observed.  W.  E.  Koerner  obtained  normal  soln. 
of  tungsten  hexahydroxide  in  sulphuric,  hydrochloric  and  nitric  acids  by  electrolyzing 
the  acids  at  low  current  densities  between  tungsten  electrodes.  Measurements 
of  the  e.m.f.  of  cells  were  made  with  tungsten  in  a A-soln.  of  the  acid,  and  with 
tungsten  in  a sat.  soln.  of  tungsten  hexahydroxide.  These  combinations  were 
concentration  cells  with  the  cone,  of  the  hexahydroxide  zero.  With  W+  | H2S04  ; 
W(0H)6  | H2S04  | W— , the  e.m.f.  was  0-117  volt.;  with  HC1  in  place  of  H2S04, 
0-057  volt ; and  with  HN03  in  place  of  H2S04,  0-009  volt.  Hence,  tungsten  hexa- 
hydroxide is  most  soluble  in  Sulphuric  acid,  and  least  soluble  in  nitric  acid.  True 
soln.,  not  colloidal  soln.,  are  formed  ; and  tungsten  occurs  in  the  cation. 

0.  W.  Richardson  and  F.  S.  Robertson  found  that  the  voltage-current  curve 
between  a hot  tungsten  filament  and  mercury  vapour  is  shifted  to  the  negative  along 
the  voltage-axis  by  increasing  the  press,  of  hydrogen.  This  change  is  taken  to 
represent  the  contact  difference  of  potential  as  influenced  by  the  gas  press. 
W.  E.  Koerner  showed  that  tungsten  is  negative  to  soln.  of  the  bases  so  that  voltaic 
cells  are  formed  if  it  be  combined  with  a metal — e.g.  mercury  or  silver — positive  to 
these  soln.,  with  A-NaOH  sat.  with  mercuric  oxide,  the  potential  of  mercury  is 
0-168  volt  (hydrogen  zero) ; and  with  the  A-NaOH  sat.  with  silver  oxide,  the 
potential  of  silver  is  0-378  volt  (hydrogen  zero) ; and  with  the  tungsten  employed  in 
the  experiments,  the  electrode  potential  in  A-NaOH  is  —0-704  volt  (hydrogen  zero). 
A cell  with  tungsten  and  mercury  in  A-NaOH  sat.  with  mercuric  oxide  has  an  e.m.f. 
of  0-872  volt — the  mercury  being  positive  ; similarly  with  tungsten  and  silver  in 
A-NaOH  sat.  with  silver  oxide,  the  e.m.f.  is  1-082  volt,  the  silver  being  positive. 
If  lOA-NaOH  be  used  with  the  mercury-tungsten  combination,  the  e.m.f.  is  1-050 
volt.  The  e.m.f.  with  the  cell  Hg+  | HggWyO^  | Na6W7024  | W_  is  0-552  volt ; with 
Cu  + | Cu3W 7024 1 Na6W7024 1 W~,  0-395  volt ; and  with  Cd~  | Cd3W4024Na6W7024  |W~, 
0-434  volt.  Experiments  were  made  with  storage  cells  having  tungsten  and  tungstic 
acid  for  the  positive  electrode  and  tungsten  for  the  negative  electrode,  and  sulphuric 
acid  as  electrolyte.  The  e.m.f.  before  charging  was  0-08  volt,  and  after  charging 
3-00  volts  ; 24  hrs.  after  charging  the  e.m.f.  had  dropped  to  0-2  volt.  No  change  of 
colour  was  observed.  The  best  combination  tried  had,  before  charging,  tungsten  as 
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positive  electrode  and  tungsten  and  tungstic  acid  as  negative  electrode.  During 
charging  the  yellow  tungsten  acid  was  reduced  through  a series  of  coloured  oxides 
to  a blue-black  compound,  probably  W205.  The  tungsten  of  the  positive  electrode 
became  covered  with,  a brown  film,  presumably  W02.  Before  charging,  the 
e.m.f.  0-08  volt  was  observed  ; and  immediately  after  charging  the  e.m.f.  was  as 
high  as  6-20  volts.  This  value  did  not  remain  constant  because,  24  hours  after 
charging,  0-75  volt  was  obtained.  This  value  remained  .constant  for  two  weeks. 
A.  L.  Clark  studied  the  polarization  capacity  of  tungsten.  L.  W.  Walter,  ana 
A.  Giinther-Sckulze  observed  that  with  many  electrolytes,  tungsten  shows  the 
electrolytic  valve  action  ; the  critical  voltage  with  strong  acids  is,  as  a rule,  higher 
than  with  aluminium,  and  not  so  high  as  with  tantalum.  This  rectification  of 
alternating  currents  by  tungsten  was  discussed  by  S.  Dushman,  R.  E.  Russell,  and 
G.  S.  Meikle  ; the  cathodic  disintegration,  by  E.  Blechschmidt ; the  surface  pitting 
of  tungsten  filaments,  by  E.  S.  Davenport ; contact  potential  with  adsorbed  films, 
by  I.  Langmuir  and  K.  H.  Kingdon  ; the  tungsten  arc,  by  W.  B.  Nottingham, 
S.  H.  Anderson  and  G.  G.  Kretchmar,  W.  B.  Nottingham,  W.  de  Groot,  and 
W.  Wehrli ; electrokinetic  potential,  by  A.  Coehn  and  0.  Schafmeister  ; C.  del 
Rosario,  and  J.  Taylor,  the  sparking  potentials  of  discharge 
tubes  with  tungsten  electrodes  ; P.  Bachtiger,  the  tungsten 
arc  ; and  H.  Nagaoka  and  T.  Futagami,  the  spluttering  of 
tungsten  by  the  disruptive  discharge  in  a magnetic  field. 
E.  K.  G.  Stuckelberg  said  that  the  temp,  of  the  tungsten 
cathode  in  an  electric  arc  is  2600°  to  3300°  K.  J.  S.  Forrest 
- g /go  2og  30g  discussed  the  glow  discharge  on  the  active  electrode  of  a 
Field-kilogauss  rectifying  cell. 

„ According  to  H.  Moissan,14  tungsten  is  not  ferro- 
Magnetic  Fields  on  magnetic  ; but  is  paramagnetic.  L.  Weiss  also  said  that 
the”  Electrical  Con-  the  metal  is  non-magnetic.  K.  Honda  gave  0-33xl0~°  for 
ductivity.  the  magnetic  susceptibility  between  18°  and  1100°;  while 

M.  Owen  obtained  for  the  metal,  free  from  iron,  0-252  x 10“6 
in  a magnetic  field  of  26  kilograms;  and  0-222 Xl0~6  for  an  infinitely  strong 
magnetic  field.  The  result  is  independent  of  the  temp.  Some  observations  on 
this  subject  were  made  by  S.  Meyer ; and  by  D.  M.  Bose  and  H.  G.  Bher. 
P.  Kapitza’s  observations  on  the  effect  of  magnetic  fields  on  the  electrical  con- 
ductivity are  summarized  in  Fig.  18. 
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§ 6.  The  Chemical  Properties  of  Tungsten 

Owing  to  the  effects  of  passivity,  and  the  effects  of  ignoredimpurities,  descriptions 
of  the  chemical  behaviour  of  tungsten  are  not  always  consistent.  F.  Fisher  and 

F.  Schrotter  1 observed  that  no  combination  occurs  when  tungsten  is  disintegrated 
electrically  beneath  liquid  argon.  According  to  A.  Sieverts  and  E.  Bergner, 
hydrogen  is  very  little  absorbed  by  tungsten  below  1200°.  E.  Martin  studied  the 
occlusion  of  hydrogen  by  the  metal.  I.  Langmuir  showed  that  if  a tungsten  wire  is 
heated  at  1300°  K.  to  1500°  K.  in  hydrogen  under  a press,  of  0-001-0-020  mm.,  the 
hydrogen  slowly  disappears.  There  is  a distinct  fatigue  effect,  but  the  substitution 
of  a new  section  of  wire  does  not  restore  the  action.  The  hydrogen  is  not  absorbed 
by  the  wire,  but  is  deposited  on  the  glass,  especially  if  the  latter  is  cooled  by  liquid 
air.  On  allowing  the  wire  to  cool  and  then  removing  the  liquid  air,  hydrogen  is 
liberated,  and  does  not  re-condense  if  the  liquid  air  is  replaced.  If  the  hydrogen  is 
now  pumped  out  and  oxygen  admitted,  the  oxygen  will  disappear  and  be  replaced 
by  a small  quantity  of  hydrogen.  It  is  suggested  that  the  hydrogen  dissolves  in 
the  wire  in  the  atomic  condition,  and  that  some  of  the  atoms,  leaving  the  wire, 
diffuse  into  the  tube  cooled  by  liquid  air,  or  become  adsorbed  by  the  glass,  and  remain 
in  the  atomic  conditions,  thus  retaining  their  chemical  activity.  M.  A.  Schirmann 
utilized  the  property  of  tungsten  for  absorbing  the  last  traces  of  gas  in  order  to  con- 
vert a high  vacuum  into  an  extreme  vacuum.  T.  Weichself elder  and  B.  Tliiede 
obtained  a tungsten  hydride,  presumably  WH3,  analogous  with  CrH3,  by  shaking 
dry  hydrogen  with  an  ethereal  soln.  of  phenyl  magnesium  bromide  in  wrhich  the  dry 
chloride  of  the  metal  is  suspended.  G.  Hagg  studied  the  mol.  vol. 

The  finely-divided  metal  was  found  by  J.  Feree  to  be  pyrophoric  in  air  ; and 
E.  Zettnow,  and  L.  von  Uslar  found  that  when  the  finely-divided  metal  is  heated, 
it  becomes  dark  blue,  and  then  suddenly  glows  to  form  tungsten  trioxide.  A.  Burger 
found  the  metal  produced  by  the  calcium  reduction  oxidizes  in  air  when  heated  to 
300°  or  400°.  A.  Riche  found  that  the  crystalline  powder  is  not  changed  by  a 
month’s  exposure  to  dry  or  moist  oxygen  at  ordinary  temp.,  but  at  a red-heat,  it 
burns  to  the  trioxide  ; a similar  result  is  obtained  at  a rather  higher  temp,  in  air. 
E.  R.  Schneider  added  that  the  volume  is  at  the  same  time  markedly  increased. 
A.  Stavenhagen,  L.  Weiss,  and  H.  Moissan  observed  that  the  metal  prepared  in  the 
electric  arc-furnace  is  stable  in  air  after  it  has  acquired  a blue  oxide  film. 
N.  B.  Pilling  and  R.  E.  Bedworth  discussed  the  rate  of  oxidation  ; and 
L.  0.  Bannister,  the  coloured  oxide  films.  N.  B.  Pilling  and  R.  E.  Bedworth  found 
that  the  weight  w of  oxygen  taken  up  by  a metal  in  the  time  t is  in  accord  with  the 
parabolic  oxidation  law  iv2—kt,  where  k is  a constant.  They  gave  3.-30  for  the 
critical  density  ratio — vide  iron.  With  most  metals,  J.  S.  Dunn  found  that  k 
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increases  regularly  with  temp,  in  accord  with  k—achlliT,  where  a and  b are  constants, 
and  e,  R,  and  T have  their  usual  meaning.  J.  S.  Dunn  found  an  irregularity  in  the 
curve  showing  the  values  of  log  k at  different  temp.,  as  indicated  in  Fig.  19.  This 
is  explained  by  the  assumption  that  tungstic  oxide  is  not  a chemical  individual,  but 

consists  of  a mixture  of  a-W03  and  /3- W03,  and  the 
equilibrium  between  the  two  is  shifted  with  rise  of 
temp.  The  /3-form,  produced  in  excess  at  the  higher 
temp.,  is  less  permeable  to  oxygen  than  is  the  a-form, 
and  a kink  occurs  in  the  curve  in  the  range  of  temp,  on 
which  the  change  from  an  excess  of  the  /3-form  to  an 
excess  of  the  a-form  occurs.  E.  Zettnow  observed  that 
the  metal  prepared  at  a white-heat  oxidizes  at  a red- 

ia iuo  ^ ^ heat  only  with  difficulty,  while  that  prepared  at  a red- 

dation  of  Tungsten  at  heat,  readily  oxidizes  under  these  conditions,  and  the 
different  Temperatures.  finely-divided  metal  obtained  by  reducing  the  oxide 
with  sodium  is  partially  oxidized  during  the  washing  and 
drying.  M.  A.  Schirmann  studied  the  production  of  vacua  by  absorbing  oxygen  on 
the  surface  of  a tungsten  filament  heated  in  oxygen  at  a low  press.  C.  G.  Fink  found 
that  drawn  wires  of  ductile  tungsten  retain  their  lustre  indefinitely  long  in  air 
and  L.  Weiss  added  that  compact  tungsten  is  very  little  affected  by  air.  When 
heated,  a superficial  film  of  oxide  is  formed  which  is  not  much  affected  by  one  or  two 
hours’  heating  to  redness. 

The  metal  with  a conchoidal  fracture  is  more  resistant  towards  chemical  agents — • 
particularly  oxidation — than  is  that  with  a granular  fracture.  According  to 
I.  Langmuir,  when  a tungsten  wire  is  heated  in  oxygen  at  a low  press,  it  oxidizes 
to  W03  at  about  800°  K.,  but  on  raising  the  temp,  to  1200°  K.  the  oxide  volatilizes, 
and  leaves  the  metal  clean  and  bright.  At  temp,  above  1200°  K.  oxygen  at  press, 
below  0-02  mm.  acts  on  a tungsten  wire  at  a rate  which  is  proportional  to  the  press, 
of  the  oxygen  and  the  surface  of  metal  exposed,  and  increases  rapidly  with  the  temp. 
No  fatigue  effect  can  be  observed.  The  velocity  is  not  affected  by  varying  the  temp, 
of  the  bulb. 

L.  von  Uslar  said  that  the  metal  obtained  by  the  thermal  decomposition  of 
tungsten  oxychlorides  by  hydrogen  is  not  affected  by  many  weeks  contact,  with  cold 
or  hot  water.  J.  J.  and  F.  de  Elhuyar,  and  A.  Riche  also  observed  that  water  has 
no  action  on  tungsten  ; but  at  a red-heat,  water  vapour  oxidizes  tungsten  forming  a 
mixture  of  the  trioxide  and  the  blue  oxide.  C.  J.  Smithells  and  co-workers  found 
that  with  an  incandescent  tungsten  filament  in  water  vapour,  the  metal  is  oxidized 
at  the  hotter  parts  of  the  filament,  and  the  oxide  is  reduced  to  metal  in  the  cooler 
parts:  W-f-2H20;=AV02-f-2H2.  The  atomic  hydrogen  also  formed,  as  shown  by 
I.  Langmuir,  can  reduce  tungstic  oxide  at  ordinary  temp.  L.  Wohler  and  W.  Prager 
studied  the  influence  of  steam  on  tungsten ; the  reaction  W4-2H20^W02+2H2 
is  a balanced  one,  in  which  the  equilibrium  constant  K=psiolPu2  is  0-65  at  828  ; 
0-82  at  868°  ; 0-99  at  941°  ; and  1-29  at  1036°.  The  reaction  was  studied  by 
W.  Reinders  and  A.  W.  Yervloet,  etc. — vide  supra,  the  reduction  of  tungsten  trioxide 
to  metal.  H.  Alterthum  and  R.  Becker  studied  the  formation  of  fogs— aerosols  of 
tungsten  oxides,  formed  in  tungsten  filament  lamps  by  the  action  of  oxygen  or  water- 
vapour.  W.  Guertler  and  T.  Liepus  observed  no  action  by  sea-water,  sea-water 
and  air,  or  rain-water  and  air  in  8 days ; nor  any  reaction  by  a soln.  of  hydrogen 
dioxide  in  soda-lye  in  48  lirs.  L.  ,T.  Thenard  said  that  the  reaction  is  at  first  feeble, 
but  later  is  more  vigorous,  part  of  the  oxygen  escapes  free  and  part  oxidizes  the  metal. 
A.  Lottermoser  studied  the  catalytic  decomposition  of  hydrogen  dioxide  by  tungsten. 
C.  G.  Fink  observed  that  tungsten  is  rapidly  attacked  when  heated  with  sodium 
dioxide  ; and  H.  Moissan,  that  it  is  also  attacked  by  lead  dioxide. 

According  to  H.  Moissan,  fluorine  attacks  tungsten,  at  ordinary  temp.,  with 
incandescence  forming  a volatile  fluoride.  A.  Riche,  H.  Davy,  and  L.  Weiss 
observed  that,  at  250°-300°,  dry  chlorine,  free  from  air,  forms  the  hexachloride,  but 
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if  air  or  moisture  be  present,  two  oxychlorides  are  formed.  I.  Langmuir  found  that 
when  chlorine,  under  a low  press.,  is  contained  in  a bulb  with  a heated  tungsten 
filament,  the  metal  is  attacked  with  the  formation  of  the  hexachloride.  The 
velocity  of  the  reactiofl  reaches  a maximum  at  about  1500°  K.,  and  becomes  very 
small  at  higher  temp.  W.  Guertler  and  T.  Liepus,  and  L.  von  Uslar  found  that 
tungsten  is  not  attacked  by  chlorine-water  in  8 hrs.  A.  Riche,  and  H.  E.  Roscoe 
observed  that  tungsten  at  a bright  red-heat  is  attacked  by  bromine  forming,  accord- 
ing to  J.  B.  von  Borck,  the  pentabromide  ; if  air  moisture  be  present,  A.  Riche 
observed  that  an  oxybromide  is  formed  ; and  tungsten  at  a red-heat  unites  with 
iodine,  forming,  according  to  A.  E.  Roscoe,  the  diiodide.  L.  Weiss  observed  that 
bromine  and  iodine  superficially  attack  the  metal  at  a red-heat.  V.  I.  Spitzin  and 
L.  Kaschtanoff  said  that  tungsten  at  500°  to  600°  is  not  attacked  by  hydrogen 
chloride.  According  to  W.  E.  Ruder,  neither  hot  nor  cold  hydrofluoric  acid  attacks 
tungsten  ; nor  is  the  surface  of  the  polished  metal  dulled  when  evaporated  with  the 
acid.  H.  Moissan  also  observed  that  hydrofluoric  acid  has  but  a slight  action  on 
tungsten  ; and  similarly  also  with  hydrochloric  acid.  J.  J.  and  F.  de  Elhuyar  said 
that  this  acid  has  no  action  ; and  A.  Riche,  that  there  is  a slow  action  and  the  liquid 
becomes  blue.  C.  G.  Fink  added  that  ductile  tungsten  is  but  slowly  attacked  ; 
and  L.  Weiss  that  the  compact  metal  is  not  attacked  by  the  dil.  or  cone.  acid. 
W.  Guertler  and  T.  Liepus  observed  no  action  by  10  or  50  per  cent,  hydrochloric  acid 
in  8 hrs.  W.  Rohn  said  that  while  10  per  cent,  acid  had  no  action  in  24  hrs.,  the  hot 
acid  dissolved  0-01  per  cent,  in  an  hour.  According  to  W.  E.  Ruder,  wrought 
tungsten  is  insoluble  in  hydrochloric  acid  of  any  cone,  at  room  temp,  and  only  very 
slightly  so  at  110°.  After  45  hrs.,  hot  cone,  acid  of  sp.  gr.  1-15  showed  no  effect 
upon  the  tungsten.  After  175  hrs.,  however,  a black  coating  of  oxide  formed  and 
the  metal  lost  05  per  cent,  in  weight.  In  dil.  acid,  at  110°,  it  lost  0-05  per  cent, 
after  22  hrs.,  but  showed  no  further  loss  after  50  hrs.  After  175  hrs.  the  metal  was 
coated  with  tungstic  oxide  and  there  was  a gain  in  weight  of  1 per  cent,  due  to  oxida- 
tion. This  oxide  formed  an  adherent  coat  and  protected  the  metal  against  further 
loss. 

A.  Riche,  and  J.  B.  von  Borck  found  that  molten  or  boiling  sulphur  acts  slowly 
on  the  metal.  According  to  E.  F.  Smith  and  H.  Fleck,  tungsten  is  not  acted  on 
by  sulphur  monochloride,  but  if  chlorine  be  present,  tungsten  hexachloride  is 
formed.  N.  Domanicky  classed  tungsten  with  the  metals  either  not  acted  on  by 
sulphur  monochloride,  or  else  acted  on  with  extreme  slowness.  E.  F.  Smith  and 
\ . Oberholtzer  found  that  the  vapour  of  sulphur  monochloride  forms  a sulpho- 
chloride.  A.  Rich  observed  that  the  vapour  of  carbon  disulphide  transforms 
heated  tungsten  into  the  disulphide ; L.  Weiss,  that  hydrogen  sulphide  darkens 
the  surface  of  tungsten  at  a red-heat,  but  it  produces  no  marked  change.  J.  Feree 
found  that  the  pyrophoric  metal  becomes  red-hot  forming  the  sulphide  when  it  is 
exposed  to  a current  of  hydrogen  sulphide.  W.  Guertler  and  T.  Liepus  observed 
no  reaction  by  a 10  or  50  per  cent.  soln.  of  sodium  sulphide  in  48  hrs.,  or  by  a 4 per 
cent.  soln.  of  sodium  sulphide  containing  8 per  cent,  alkali  in  8 hrs.  C.  H.  Ehren- 
feld  observed  that  sulphur  dioxide  forms  a little  blue,  green,  or  brown  oxide ; and 
•J.  Feree,  that  pyrophoric  tungsten  becomes  red-hot  in  hydrogen  sulphide  or  in 
sulphur  dioxide,  forming  tungsten  sulphide.  E.  D.  Desi  said  that  sulphurous  acid 
acts  on  tungsten  to  form  the  5 : 14-oxide  ( q.v .).  J.  J.  and  F.  de  Elhuyar  said  that 
sulphuric  acid  lias  no  action  on  tungsten  ; H.  Moissan,  that  there  is  a slight  action 
forming,  according  to  A.  Riche,  a blue  liquid ; C.  G.  Fink,  that  the  action  of 
sulphuric  acid  on  the  ductile  metal  is  very  slow  ; L.  Weiss,  that  while  dil.  sulphuric 
acid  is  without  action,  the  cone,  acid  forms  a blue  liquid  ; and  E.  D.  Desi,  that  the 
cone,  acid  at  a high  temp,  forms  sulphur  dioxide  and  some  intermediate  tungsten 
oxides  {q.v.).  R.  H.  Adie  said  that  sulphur  dioxide  appears  at  175°,  but  no  hydrogen 
sulphide.  W.  E.  Ruder  observed  that  sulphuric  acid,  at  room  temp.,  has  no  effect 
upon  wrought  tungsten  nor  has  the  dil.  acid  at  110°.  Cone,  acid  attacks  it  very 
slowly  at  1 10°,  the  loss  in  weight  being  0-1  per  cent,  after  18  hrs.,  0-16  per  cent,  after 
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40  hrs.,  and  0-63  per  cent,  after  175  hrs.  At  a higher  temp,  tire  action  is  hastened, 
for  at  200°,  0-62  per  cent,  was  lost  in  4 hrs.  In  another  experiment  1-18  per  cent, 
dissolved  in  8 hrs.  W.  Guertler  and  T.  Liepus  observed  no  reaction  in  8 hrs.  with  a 
10  per  cent,  sulphuric  acid,  or  20  per  cent,  sulphuric  acid  sat.  with  sodium  sulphate. 
W.  Rohn  found  that  10  per  cent,  sulphuric  acid  had  no  action  in  24  hrs.  in  the  cold ; 
0-01  per  cent,  dissolved  in  the  hot  acid  in  an  hour.  C.  G.  Fink  observed  that  fused 
potassium  hydrosulphate  readily  attacks  the  metal. 

H.  Moissan  found  that  nitrogen  at  a red-heat  does  not  attack  tungsten ; and 
A.  Sieverts  and  E.  Bergner,  that  there  is  no  reaction  at  1500°.  E.  Martin  studied 
the  absorption  of  nitrogen  by  the  metal.  C.  J.  Smithells  and  H.  P.  Rooksby  found 
that  the  dinitride  is  formed  by  an  incandescent  tungsten  filament  in  nitrogen. 

I.  Langmuir  showed  that  when  a tungsten  lamp  containing  nitrogen  at  low  press,  is 
run  for  some  time,  the  nitrogen  gradually  disappears — vide  tungsten  nitride,  8.  49, 12. 
N.  R.  Campbell  made  some  observations  on  this  subject ; and  M.  A.  Schirmann 
discussed  the  production  of  vacua  by  this  means.  C.  Kenty  and  L.  A.  Turner 
studied  the  effect  of  surface  layers  of  active  nitrogen  on  tungsten  filaments  ; and 
observed  that  a clean  tungsten  surface,  at  a dull  red-heat,  in  an  atm.  of  activated 
nitrogen,  becomes  covered  with  a layer  of  nitrogen  one-atom  deep.  I.  Zschukoff 
observed  no  reaction  with  tungsten  and  nitrogen  below  1250°.  PI  J.  B.  Willey 
measured  the  rate  of  decay  of  active  nitrogen  in  the  presence  of  a tungsten  filament. 
C.  Matignon  and  E.  Desplantes  observed  that  when  the  finely-divided  metal  is  shaken 
up  in  a flask  with  10  c.c.  of  aq.  ammonia  at  ordinary  temp.,  the  metal  is  oxidized. 
W.  Guertler  and  T.  Liepus  observed  no  action  wTith  10,  50,  or  70  per  cent.  soln.  of 
ammonia  in  48  hrs.  ; but  S.  L.  Malowan  found  that  the  metal  is  attacked. 
C.  H.  Kunsman  and  co-workers,  and  F.  Hahn  used  tungsten  as  a catalyst  in  the 
synthesis  of  ammonia  (q.v.)  ; C.  H.  Kunsman,  and  R.  E.  Burk  studied  the  action  of 
tungsten  on  ammonia.  F.  W.  Bergstrom  observed  little  if  any  reaction  with 
potassamide.  C.  H.  Ehrenfeld  found  that  when  heated  with  nitrous  oxide,  tungsten 
trioxide  is  formed.  Similarly  with  nitric  oxide,  and,  added  F.  Emich,  the  action  of 
nitric  oxide  is  very  similar  to  that  of  oxygen  provided  the  temp,  of  the  former  gas 
is  kept  below  red-heat,  the  temp,  of  decomposition.  C.  H.  Ehrenfeld  found  that 
nitrogen  peroxide  when  heated  with  tungsten  oxidizes  it  to  tungsten  trioxide. 

J.  J.  and  F.  de  Elhuyar,  L.  von  Uslar,  E.  Zettnow,  A.  Riche,  and  H.  Moissan 
observed  that  tungsten  is  easily  oxidized  by  warm  nitric  acid  to  yellow  tungsten 
trioxide.  C.  G.  Fink  observed  that  the  ductile  metal  is  but  slowly  attacked  ; and 
L.  Weiss,  that  the  compact  metal  is  superficially  oxidized  by  hot  nitric  acid,  or  aqua 
regia.  A.  Stavenhagen,  and  L.  von  Uslar  said  that  the  metal  is  not  attacked  if  heated 
many  days  with  fuming  nitric  acid,  or  with  aqua  regia.  According  to  W.  E.  Ruder, 
cone,  nitric  acid  at  110°  shows  no  action  after  48  hrs.  other  than  a slight  dulling  of 
the  bright,  metallic  surface.  The  dil.  acid,  however,  produces  the  yellow  oxide  on 
the  surface.  There  is  a slight  gain  in  weight  after  15  hrs.  and  then  no  further  change 
even  after  175  hrs.’  immersion.  J.  J.  and  F.  de  Elhuyar,  A.  Riche,  and  H.  Moissan 
found  that  it  is  readily  oxidized  to  tungsten  trioxide  by  aqua  regia.  W.  E.  Ruder 
found  that  aqua  regia  at  room  temp,  oxidizes  the  surface  of  tungsten  to  the  trioxide. 
After  215  hrs.  the  loss  in  weight  was  0-31  per  cent.  At  110°,  the  chlorine  was  all 
driven  off  in  about  4 hrs.  and  the  tungsten  disc  had  lost  Ol  per  cent,  and  it  was 
covered  by  a tough,  greenish-yellow  deposit.  If  this  coating  of  oxide  was  allowed 
to  remain,  continued  boiling  in  fresh  aqua  regia  had  no  further  effect  upon  the  metal. 
W.  Guertler  and  T.  Liepus  observed  no  actionin  24  hrs.  with  50  per  cent,  nitric  acid, 
or  with  hot  or  cold,  10  per  cent,  acid  ; nor  did  aqua  regia  have  any  action.  W.  Rohn 
added  that  10  per  cent,  nitric  acid  had  no  perceptible  action  in  8 hrs.  in  the  cold,  the 
hot  acid  dissolved  0-06  per  cent,  in  one  hour.  W.  E.  Ruder,  and  H.  Moissan  found 
that  a mixture  of  nitric  and  hydrofluoric  acids  rapidly  dissolves  tungsten  with  the 
evolution  of  nitric  oxide,  and  the  production  of  tungsten  trioxide.  L.  Weiss  added 
that  the  tungsten  dissolves  as  hexafluoride  or  oxytetrafluoride.  H.  Moissan,  and 
C.  G.  Fink  observed  that  fused  sodium  nitrate  readily  attacks  the  metal.  H.  Moissan 
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found  that  phosphorus  does  not  combine  with  tungsten  at  a red-heat,  but  they  react 
at  a high  temp.  W.  Rohn  found  that  a 10  per  cent.  soln.  of  phosphoric  acid  dissolves 
0-03  per  cent,  of  tungsten  in  the  cold  in  24  hrs.,  and  if  hot,  0-001  per  cent,  in  one  hour. 
M.  Wunder  and  B.  Janneret  also  noted  the  dissolution  of  tungsten  by  phosphoric 
acid  of  sp.  gr.  1-75,  at  230°. 

H.  Moissan  observed  that  when  tungsten  is  heated  with  boron  in  the  electric 
furnace,  a boride  is  formed  which  rarely  scratches  the  ruby  ; and  similarly  with 
silicon.  When  the  metal  is  heated  with  carbon,  it  readily  undergoes  cementation. 
A.  Riche,  and  C.  W.  Siemens  and  A.  K.  Huntington  noted  that  the  metal  dissolves 
carbon  ; and  H.  Moissan,  that  18-8  per  cent,  of  carbon  can  be  dissolved  by  tungsten. 
G.  Tammann  and  K.  Schonert,  0.  Zwikker,  and  M.  R.  Andrews  and  S.  Dushman 
studied  the  diffusion  of  carbon  in  tungsten  ; and  W.  Geiss  and  J.  A.  M.  van  Liempt 
found  that  carbon  diffused  into  a pressed  bar  at  1500°  ; but  not  into  a single  crystal 
at  1900°.  M.  R.  Andrews,  O.  Ruff,  G.  Agte  and  H.  Alterthum,  and  A.  Westgren  and 
G.  Phragmen  studied  the  action  of  carbon  on  tungsten.  M.  A.  Schirmann  studied 
the  production  of  vacua  by  absorption  of  carbon  monoxide  at  a low  press,  in  bulbs 
containing  a heated  tungsten  filament.  S.  Hilpert  and  M.  Ornstein  found  that  when 
the  finely-divided  metal  is  heated  in  methane — mixed  with  hydrogen  to  suppress 
the  dissociation  : CH4^C-b2H2 — the  carbide  WC  is  formed  at  800°  ; and  when 
heated  in  carbon  monoxide  at  1000°,  the  carbide  W3C4  is  formed.  According  to 
I.  Langmuir,  if  a tungsten  filament  is  heated  at  2200°  K.  in  carbon  monoxide  under 
a press,  of  0-001-0-020  mm.,  the  gas  slowly  disappears.  The  behaviour  of  the  gas 
resembles  that  of  nitrogen  ; each  atom  of  tungsten  combines  with  one  mol.  of  carbon 
monoxide,  probably  with  formation  of  a compound,  WCO.  The  rate  of  attack  is 
independent  of  the  press.,  probably  owing  to  the  velocity  of  the  reaction  being  so 
great  that  the  rate  of  evaporation  of  the  compound  formed  determines  the  rate  of 
reaction.  The  temp,  coeff.  of  the  reaction  velocity  is  strongly  negative.  The 
interaction  of  carbon  dioxide  and  hydrogen  on  the  surface  of  tungsten  was  studied  by 
C.  N.  Hinshelwood  and  C.  R.  Prichard,  and  B.  S.  Srikantan.  J.  Feree  observed  that 
tungsten  when  pyrophoric  becomes  red-hot  in  carbon  monoxide.  W.  Guertler 
and  T.  Liepus  observed  no  action  by  carbon  dioxide  and  air  after  an  exposure  of 
less  than  8 hrs.  At  1200°,  tungsten  forms  a blue  oxide  when  heated  with  carbon 
dioxide  ; and  water  saturated  with  carbon  dioxide  slowly  attacks  the  metal. 
Molten  sodium  carbonate  dissolves  tungsten  slowly,  but  a fused  mixture  of  sodium 
carbonate  and  nitrate  dissolves  it  rapidly.  According  to  W.  E.  Ruder,  tungsten 
is  slowly  dissolved  by  fused  sodium  or  potassium  carbonate,  or  by  mixtures 
of  the  two.  A loss  of  about  2-5  per  cent,  was  noticed  in  4 hrs.  ; and  when  potassium 
I nitrate  was  present,  the  loss  was  32  per  cent,  in  6 hrs.  C.  Beindl  used  tungsten 
as  a catalyst  in  the  synthesis  of  hydrocyanic  acid  from  nitrogen,  hydrogen,  and 
carbon  monoxide.  M.  R.  Andrews  and  S.  Dushman  found  that  naphthalene  is 
decomposed  by  incandescent  tungsten  above  1500°.  W.  Rohn  observed  that  10 
per  cent,  acetic  acid  has  no  action  on  tungsten  ; and  W.  Guertler  and  T.  Liepus 
observed  no  action  by  acetic  acid  in  48  hrs.,  or  by  citric  acid,  or  tartaric  acid  in 
24  hrs.  The  Regina  Bogenlampenfabrik  found  that  finely-divided  tungsten  rapidly 
absorbs  6 to  10  per  cent,  of  pyridine  or  quinoline.  The  products  were  used  in  the 
preparing  lamp  filaments.  P.  C.  Allen  and  C.  N.  Hinshelwood,  and  A.  Korcynsky 
studied  tungsten  as  a catalyst  in  reactions  with  organic  compounds  ; and  O.  Schmidt, 
as  a hydrogenation  catalyst. 

The  compounds  of  tungsten  with  the  metals  are  discussed  below.  According  to 
A.  Riche,  S.  L.  Malowan,  and  S.  M.  Delepine  and  L.  A.  Hallopeau,  water  made 
feebly  alkaline  with  potassium  hydroxide  dissolves  a little  tungsten,  forming  the 
alkali  tungstate ; a cone.  soId.  of  potassium  hydroxide  rapidly  dissolves  tungsten 
without  giving  off  any  hydrogen.  L.  von  Uslar  said  that  the  boiling  lye  does  not 
attack  the  metal,  and  W.  E.  Ruder  observed  that  a soln.  of  potassium  hydroxide  of 
any  cone,  does  not  attack  wrought  tungsten,  but  the  .fused  alkali  attacks  the  metal 
slowly.  In  this  case  there  was  31  per  cent,  loss  in  weight  after  15  hrs.,  and  in  about  40 
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hrs.  the  disc  had  all  dissolved.  A.  Stavenhagen  also  observed  that  the  metal  is 
slowly  dissolved  by  the  fused  alkali,  forming,  according  to  S.  Hilpert  and  M.  Ornstein, 
traces  of  potassium  and  hydrogen,  W+6KOH->W(OH)6+6K  ; W(OH)6+2KOH 
— >K2\\  O4+4H2O  ; and  4K+ 4H20->4K0H+2H2.  W.  Guertler  and  T.  Liepus 
observed  no  action  by  a 10  or  50  per  cent.  soln.  of  sodium  hydroxide  in  48  hrs. 
W.  E.  Ruder  said  that  a soln.  of  chromium  trioxide  in  sulphuric  acid  does  not  attack 
tungsten.  For  the  action  of  alkali  carbonate,  vide  supra.  A.  von  Wartenberg  and 
H.  Mohl  found  that  tungsten  reduces  alumina  at  2000°  in  an  atm.  of  nitrogen,  forming 
tungsten  dioxide  : 4Algas+3W02gas— 3W+2A1203+700  cals.,  or,  if  the  alumina  is 
vaporized,  4Algas+3W02gas=3W-|-2Al203ga8+57()  cals.,  because  the  heat  of  vapori- 
zation of  alumina  is  —130  Cals.  Hence,  in  the  former  case,  if  -K=[A1]4[W02]3, 
then  log  K= — 153000T- 1+12-3  log  T+21  ; and,  in  the  latter  case,  if  K' 
-[A1]4[W02]3/[A1203]2,  log  K'=-  12450T-1+8-75  log  T+15.  In  the  former  case, 
at  2500°  and  3000°,  log  K is  respectively  3 and  13,  and  in  the  latter  case,  log  K'  is 
respectively  0 and  3-5  at  these  temp.  In  the  case  of  zirconia,  Zrgas+W02gas=W 
+ ZrO2+150  cals.,  and  if  A=[Zr][W02],  then  log  K=— 3300 T_1 +3-5  log  T+6,  and 
at  2500°  and  3000°,  log  K is  respectively  5 and  7.  Similarly  with  thoria  which  is  also 
reduced  by  tungsten.  According  to  C.  J.  Smithells,  at  2580°  K.,  no  reaction  was  per- 
ceptible between  tungsten  and  thoria  in  24  hrs. ; at  2600°  K.,  some  reaction  occurred ; 
and  at  2750°  K.,  the  thoria  was  completely  reduced  by  the. tungsten.  Z.  Jeffries  and 
P.  Tarsov  found  that  a little  thorium  is  produced  by  dissociation  when  a thoriated 
tungsten  filament  is  heated  to  a high  temp.  Thoria  is  slightly  soluble  in  tungsten 
at  high  temp.  The  behaviour  of  thoria  on  heated  tungsten  filaments  was  discussed 
by  W.  G.  Burgers  and  J.  A.  M.  van  Liempt.  W.  Samter  and  K.  Schroter  found  that 
tungsten  is  dissolved  by  a bath  of  fused  sodium  nitrite  and  nitrate.  W.  Guertler 
and  T.  Liepus  observed  no  reaction  by  a soln.  of  magnesium  chloride  in  8 hrs. 
E.  F.  Smith  found  that  tungsten  precipitates  copper  incompletely  from  a soln.  of  a 
copper  salt  ; and  it  behaves  like  molybdenum  towards  soln.  of  silver  salts,  precipi- 
tating silver,  but  the  action  of  tungsten  on  soln.  of  gold  salts  is  somewhat  slower  than 
that  of  molybdenum.  Tungsten  slowly  reduces  a soln.  of  mercuric  chloride  to 
mercurous  chloride  ; W.  Guertler  and  T.  Liepus  observed  that  a soln.  of  mercuric 
chloride  (1  : 500)  is  decomposed  by  tungsten  at  90°.  The  subject  was  also  studied 
by  J.  S.  de  Benneville.  E.  F.  Smith  found  that  soln.  of  cadmium  salts  and  of  bis- 
muth salts  are  not  affected  by  tungsten  ; and  the  metal  has  no  action  on  neutral, 
alkaline,  or  acidic  soln.  of  lead  salts. 

C.  G.  Gmelin  2 made  some  observations  on  the  physiological  action  of  tungsten 
salts. 

Some  reactions  of  analytical  interest. — The  reactions  of  tungsten  were  discussed 
by  A.  A.  Noyes  and  W.  C.  Bray,3  and  F.  L.  Hess.  The  mineral  acids — hydrochloric, 
sulphuric,  and  nitric  acids — with  a soln.  of  sodium  tungstate  produce  in  the  cold  a 
white,  amorphous  precipitate  of  hydrated  tungsten  trioxide  ; and  when  the  soln. 
is  boiled,  the  precipitate  becomes  yellow  owing  to  the  formation  of  yellow  tungstic 
acid,  which  is  insoluble  in  dil.  acids,  but  appreciably  soluble  in  cone,  acids.  Free 
tungstic  acid  slowly  dissolves  in  a boiling  soln.  of  an  alkali  tungstate  forming  a 
metatungstate  which  does  not  give  a precipitate  with  mineral  acids.  If  the  soln.  of 
a metatungstate  is  boiled  with  an  excess  of  acid,  insoluble  tungstic  acid  is  slowly 
precipitated.  With  phosphoric  acid,  soln.  of  the  alkali  tungstates  give  a precipitate 
of  a complex  alkali  phosphatotungstate  which  is  soluble  in  an  excess  of  phosphoric 
acid.  The  presence  of  phosphoric  acid  hinders  the  precipitation  of  tungstic  acid  by 
the  mineral  acids.  Many  organic  acids— e.g.  citric  and  tartaric  acids— give  no 
precipitate  with  alkali  tungstates  owing  to  the  formation  of  stable,  soluble  complex 
salts,  and  they  hinder  the  precipitation  of  tungstic  acid  by  mineral  acids,  they  also 
interfere  with  the  action  of  several  other  reagents — e.g.  reducing  agents.  No  precipi- 
tate is  formed  when  acidified  soln.  are  treated  with  hydrogen  sulphide  ; and  ammo- 
nium sulphide  gives  no  precipitate,  but,  according  to  W.  T.  Taggart  and  E.  F.  Smith, 
if  a salt — e.g.  manganese  salt — is  present  which  gives  a precipitate  with  ammonium 
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sulphide,  tungsten  sulphide  may  be  precipitated.  If  the  soln.  containing  an  excess 
of  ammonium  sulphide  be  treated  with  an  acid,  light  brown  tungsten  trisulphide  is 
precipitated  ; it  is  soluble  in  a soln.  of  ammonium  sulphide.  Soln.  of  the  tung- 
! states  give  white  precipitates  with  soln.  of  barium  or  calcium  chloride,  lead  acetate, 
and  silver  or  mercurous  nitrate.  E.  Zettnow  added  that  one  part  of  tungstic  acid 
in  20,000  parts  of  water  gives  a white  coloration  with  lead  acetate  ; and  with  1 in 

40.000,  an  opalescence.  A brown  precipitate  is  produced  by  tincture  of  galls,  or 
tannin  when  the  soln.  is  acidified  (M.  Barber).  The  effect  of  reducing  agents  is  to 

I form  a blue  coloration — e.g.  if  a soln.  of  an  alkali  tungstate  is  treated  with  zinc 
j and  hydrochloric  acid,  the  tungstic  acid  first  precipitated  forms  blue  tungsten  hemi- 
pentoxide  ; stannous  chloride  first  produces  a yellow  coloration,  but  when  liydro- 
, chloric  acid  is  added  and  the  soln.  warmed,  a blue  precipitate  is  formed.  E.  Zettnow 
added  that  one  part  of  tungstic  acid  in  1000  parts  of  water  treated  with  sulphuric 
j acid  and  stannous  chloride  gives  a brownish-yellow  colour  ; with  1 in  10,000,  the 
: colour  is  white  ; and  with  1 in  20,000  a pale  opalescence  is  produced.  Sodium 
hypophosphite,  and  sulphurous  acid  in  a warm  acidified  soln.  produce  a blue  colora- 
tion ; dihydroxymaleic  acid  forms  a brown  colour  which  immediately  turns  blue 
(H.  J.  H.  Fenton)  ; mercurous  nitrate  and  potassium  iodide  give  a blue  coloration 
(E.  Kafka,  and  E.  Pozzi-Escot)  ; but  with  ferrous  sulphate,  the  ochre-yellow 
precipitate  is  not  coloured  blue  by  acids.  The  reduction  test  was  discussed  by 
G.  Torossian,  and  M.  L.  Hartmann.  J.  H.  Muller  observed  that  salicylic  acid  gives 
a yellow  coloration  with  alkali  tungstates  and  molybdates  but  no  precipitate  ; and 
J.  H.  de  Boer,  that  alizarin  sulphonic  acid  gives  a violet  coloration.  According  to 
E.  F.  Smith,  quinine  sulphate,  and  chloride,  and  cinchonidine,  and  benzidine 
hydrochloride,  acetate,  and  chloride  precipitate  tungstic  acid  quantitatively 
from  soln.  of  its  salt.  Aniline  hydrochloride  does  not  give  a precipitate  with 
sodium  and  ammonium  tungstates,  and  metatungstates,  but  does  so  with  the 
paratungstates  but  not  after  boiling.  The  three  sodium  and  ammonium  tungstates 
are  incompletely  precipitated  by  o-toluidine  and  pyridine  hydrochlorides.  A little 
tungstic  acid  gives  a deep  reddish-brown  coloration  with  potassium  ferrocyanide, 
and  after  some  time  a reddish-brown  jelly.  E.  Zettnow  said  that  one  part  of  tungsten 
trioxide  in  1000  parts  of  water  acidified  with  a little  sulphuric  acid  gives  a dark 
orange-yellow  colour  ; with  1 in  10,000,  a greenish-yellow  colour  ; and  with  1 in 

20.000,  a pale  yellow  colour. 

Some  uses  of  tungsten. — Some  unique  properties  of  tungsten  have  important 
industrial  applications.4  It  has  a high  density  exceeding  that  of  lead.  Its  m.p. 
is  higher  than  that  of  any  known  metal ; its  tensile  strength  exceeds  that  of  iron 
and  nickel ; it  is  paramagnetic  and  elastic  so  that  it  has  been  tried  in  electrical 
meters,  and  non-magnetizable  watch-springs.  It  can  be  drawn  into  thinner  wires 
than  any  other  metal,  and  this  fact,  coupled  with  its  chemical  stability,  offers 
possibilities  in  making  suspensions  for  galvanometer  needles,5  and  cross-hairs  for 
telescopes  ; and  for  thin  wires  in  surgical  operations  in  place  of  gold  or  silver  wires. 
The  greatest  use  of  tungsten  is  in  the  preparation  of  iron  or  steel  alloys,  e.g.  in 
the  preparation  of  high-speed  tool  steels  ( q.v .).  Tungsten  forms  alloys  with  many  of 
the  metals,  and  some  of  them  have  valuable  properties  although  in  many  cases  the 
cost  of  the  alloy  is  out  of  proportion  with  its  usefulness.  The  stellite  alloy  described 
by  E.  Haynes  6 is  an  alloy  of  cobalt,  chromium,  and  tungsten  (75  : 20  : 5)  with 
or  without  additions  of  other  metals.  It  is  a competitor  for  some  high-speed 
cutting  steels.  J.  T.  Bottomley  proposed  an  alloy  called  'platinoid , composed  of 
nickel,  zinc,  copper,  and  tungsten  for  conductivity  wires.  E.  Weintraub  pmtented 
an  alloy  with  40  to  80  per  cent,  of  platinum  for  use  in  electrical  contacts,  jewellery, 
etc.  Partinium  is  an  alloy  of  aluminium  and  tungsten  employed  in  automobile 
construction  ; sideraphitc,  an  alloy  of  iron  with  nickel,  copiper,  aluminium  and 
tungsten  ; minargent,  an  alloy  of  copiper,  nickel,  and  tungsten  ; and  bacJcford, 
an  alloy  of  copper,  tin  and  tungsten.  F.  A.  Fahrenwald  discussed  the  use  of 
alloys  of  tungsten  and  molybdenum  as  substitutes  for  platinum  for  contact  points 
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in  sparking  coils,  voltage  regulators,  and  other  electrical  instruments.  Gold- 
coated  tungsten  dental  pins  are  also  used  in  place  of  platinum.  E.  Groschuff  and 
F.  Mylius  found  that  malleable  tungsten  under  the  trade-name  iridam,  proposed  as  a 
substitute  for  platinum,  is  too  brittle  for  thin-walled  crucibles,  and  it  is  attacked  by 
hydrochloric  acid.  According  to  E.  Haynes,  an  alloy  of  tungsten,  chromium, 
and  cobalt  (20 : 15  : 65)  is  hard,  and  can  be  used  for  cutting  tools  and  surgical 
instruments,  being  unaffected  by  organic  acids  and  ordinary  antiseptics.  A similar 
alloy  with  nickel  is  called  amaloy.  P.  Monnartz  discussed  the  use  of  tungsten 
in  raising  the  acid  resisting  properties  of  iron-chromium  alloys.  The  alloys  of 
tungsten  were  discussed  by  H.  Mennicke,  H.  Leiser,  A.  Hoenig,  J.  W.  Richards, 
J.  S.  de  Benneville,  J.  J.  Runner  and  M.  L.  Hartmann,  etc. — vide  infra.  The 
use  of  tungsten  as  a filament  in  incandescent  lamps  has  been  previously  discussed. 
J.  Trowbridge  and  S.  Sheldon  7 recommended  tungsten  as  an  alloy  metal  for 
mirrors  in  physical  apparatus.  The  use  of  tungsten  as  a valve  electrode  and  as  a 
rectifier  has  been  previously  indicated.  W.  Fehse  8 recommended  it  for  resistance 
wires  for  the  Tungsten  arc-lamp  as  a source  of  ultra-violet  light ; 9 and  tungsten 
anode  in  the  mercury  lamp10  have  been  tried.  Tungsten  wire  has  also  been  used 
as  a resistor  in  wire-wound  electrical  furnaces — e.g.  by  F.  Fischer  and  E.  Tiede,11 
A.  H.  Compton,  and  F.  A.  Fahrenwald.  The  “ metal,”  widia,  is  obtained  by 
pressing  and  sintering  tungsten  carbide  alloyed  with  cobalt.12  R.  Eisenmann  13 
used  tungstic  acid  as  a,  substitute  for  chromic  acid  in  the  chromic  acid  cell ; 
J.  Harden,14  and  ,T.  H.  Robertson  and  D.  Jankower  used  tungsten  for  making 
crucibles.  Wrought  tungsten  targets  for  X-ray  tubes  are  in  general  use.  The 
high  sp.  gr.  of  the  metal  is  here  an  advantage.15  The  targets  are  sometimes  made 
with  a surface  of  tungsten  on  a backing  of  some  other  metal,  as  silver  or  copper 
which  conducts  away  the  heat  more  rapidly.  Colloidal  tungsten  was  recommended 
by  R.  Kruger  16  as  a substitute  for  bismuth  in  X-ray  photographs  of  the  gastro- 
intestinal canal.  Calcium  or  cadmium  tungstate 17  is  used  with  the  addition  of, 
say,  sodium  vanadate  to  prevent  the  glare  on  fluorescent  screens  on  X-ray  work. 

Tungsten  has  been  tried  by  F.  Haber,18  as  a catalyst  in  the  manufacture  of 
hydrogen  cyanide  ; and  C.  Beindl  used  it  with  good  results  as  a catalytic  agent  in  the 
synthesis  of  ammonia  ; in  the  interaction  of  hydrogen  and  carbon  dioxide  ; 19  in  the 
splitting  of  alcohol  into  ethylene  and  water  ; 20  and  in  organic  combustion  analyses.21 
There  are  some  miscellaneous  applications  of  tungsten  compounds  in  the  chemical 
laboratory  22 — e.g.  silicotungstic,  and  phosphatotungstic  acid,  etc.  M.  Luckiesh  23 
studied  the  tungsten  filament  lamp  in  therapeutics.  Tungsten  oxide,  and  tungstates 
have  been  used  in  dyeing  ; 24  as  a mordant 25  for  rendering  textile  fabrics  non- 
inflammable  ; as  a pigment  2G—e.g.  the  blue  oxide  forms  the  so-called  mineral  blue 
or  blue  carmine  ; the  trioxide,  mineral  yellow  ; copper  and  chromium  tungstates  ; 
and  the  group  of  complex  tungstates  of  the  alkalies  and  alkaline  earths  known  as 
tungsten  bronzes  ; and  for  pottery  and  glass  colours.27 
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§ 7.  The  Atomic  Weight  and  Valency  of  Tungsten 

There  is  a close  relationship  between  the  valencies  of  chromium,  molybdenum, 
and  tungsten.  Tungsten  appears  to  be  bivalent  in  the  halides  WC12,  WBr2,  and 
WI2,  but  the  mol.  wt.  of  these  salts  has  not  been  determined.  The  observations 
of  R.  F.  Bernhardi-Grisson  1 on  the  electrolytic  reduction  of  tungstic  acid,  and  of 
0.  Olsson,  and  others  on  the  complex  chlorides,  show  that  compounds  with  lervalent 
tungsten  have  probably  been  formed.  The  existence  of  the  tetrahalides — WC14 
and  WI4 — as  well  as  of  the  disulphide  shows  that  quadrivalent  tungsten  can  exist, 
although  not  established  by  mol.  wt.  determinations.  A number  of  well  character- 
ized compounds  of  quinquevalent  tungsten  has  been  prepared,  and  the  results 
have  been  confirmed  by  vapour  density  determinations  by  H.  E.  Roscoe,  and 
H.  Debray.  0.  Ruff  and  F.  Eisner’s  hexafluoride  shows  that  tungsten  can  also 
behave  as  a sexivalent  element.  This  is  confirmed  by  the  existence  of  the 
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hexachloride,  oxyhalides,  and  the  trioxide.  N.  Y.  Sidgwick  discussed  the  co-valency 
of  tungsten.  The  salts  of  pertungstic  acid,  HW04,  or  H0.W03,  prepared  by 

E.  Pechard  show  that  septivalent  tungsten  may  exist. 

Tungsten  compounds  were  analyzed  by  M.  H.  Klaproth,2  C.  F.  Bucholz,  and 
J.  J.  and  F.  de  Elhuyar,  and  the  results  led  J.  J.  Berzelius  to  infer  that  the  sulphide 
has  the  mol.  ratio  W : S— 1 : 2,  and  tungstic  anhydride,  W : 0—1  : 3.  He  added  : 
“ Tungsten  and  molybdenum  form  a similar  series  of  oxides,  and  in  its  normal 
salts  the  acid  anhydride  contains  three  atoms  of  oxygen  to  one  atom  of  oxygen 
in  the  base.  The  tungstates  are  also  isomorphous  with  the  molybdates  indicating 
that  the  internal  constitution  is  the  same.”  This  hypothesis  makes  the  at.  wt. 
of  tungsten  approximate  184.  This  is  in  agreement  (i)  with  the  vap.  density 
determination  of  H.  Debray,  and  0.  Ruff  and  F.  Eisner,  and  not  in  agreement 
with  J.  Persoz’s  assumption  that  the  tungsten  is  quinquevalent  in  tungstic  acid, 
(ii)  It  agrees  with  the  at.  ht.  determinations  of  P.  Nordmeyer  and  A.  L.  Bernoulli, 
of  A.  W.  Grodspeed  and  E.  F.  Smith,  and  of  E.  Defacqz  and  M.  Guichard.  (iii)  It 
is  in  accord  with  the  isomorphism  between  the  tungstates  and  molybdates  observed 
J.  J.  Berzelius,  and  R.  Funk,  (iv)  It  is  in  harmony  with  the  electrochemical  eq. 
observed  by  M.  Leblanc  and  H.  G.  Byers,  E.  F.  Smith,  A.  Rosenheim  and  E.  Dehn, 
and  W.  E.  Koerner.  (v)  It  is  also  in  accord  with  the  at.  number,  and  the  high 
frequency  spectrum  of  H.  G.  J.  Moseley,  (vi)  It  agrees  with  the  position  of  tungsten 
in  the  periodic  table  as  a number  of  the  chromium  family.  J.  N.  Frers  discussed 
the  place  of  tungsten  in  the  periodic  table. 

The  observations  of  F.  J.  Malaguti,  F.  Wohler,  A.  Riche,  H.  V.  Regnault,  and 
J.  C.  G.  de  Marignac  are  not  suited  for  fixing  a value  for  the  at.  wt.  of  tungsten. 
General  reviews  of  the  at.  wt.  of  tungsten  were  made  by  L.  Meyer  and  K.  Seubert, 
W.  Ostwald,  F.  W.  Clarke,  and  J.  Meyer.  The  determinations  include  : (i)  A series, 
based  on  the  ratio  W03  : W obtained  by  reducing  the  trioxide  to  the  metal,  includes 
that  of  J.  J.  Berzelius,  188  ; E.  R.  Schneider,  184-2,  and  later,  184-0 ; R.  F.  Mar- 
chand,  183-9  ; J.  B.  von  Borck,  183-7  ; J.  B.  A.  Dumas,  184-0  ; F.  A.  Bernoulli,  184  ; 
J.  Persoz,  184  ; H.  E.  Roscoe,  183-5  ; and  J.  Waddell,  184-3.  (2)  Another  series, 
based  on  the  ratio  W : W03  obtained  by  oxidizing  the  metal  to  the  trioxide,  includes 
that  of  E.  R.  Schneider,  183-9  ; R.  F.  Marchand,  184-3 ; J.  B.  von  Borck,  184-4  ; 

F.  A.  Bernoulli,  187  ; H.  E.  Roscoe,  183-5 ; M.  E.  Pennington  and  E.  F.  Smith, 
184-9  ; 0.  L.  Shinn,  184-0 ; E.  F.  Smith  and  W.  L.  Hardin,  184-1  to  184-8  ; and 
E.  F.  Smith  and  F.  F.  Exner,  184-07.  (3)  A series,  based  on  the  loss  of  water  by 
tungstic  acid  involving  the  ratio  W03 : 3H20,  gave  F.  A.  Bernoulli  186-62  ; and 
E.  F.  Smith  and  E.  D.  Desi,  184-7.  (4)  A series,  based  on  the  dehydration  of 
barium  metatungstate  involving  the  ratio  BaW4013.9H20  : 9H20,  gave  C.  Scheibler 
184-0.  E.  F.  Smith  and  W.  L.  Hardin  discussed  these  results.  (5)  H.  E.  Roscoe 
obtained  184-1  from  the  ratio  WC16 : 6AgCl,  and  183-9  from  the  ratio  WC16 : W. 

(6)  E.  F.  Smith  and  F.  F.  Exner  obtained  184-10  from  the  ratio  WC16 : W03. 

(7)  E.  Zettnow  analyzed  ferrous  tungstate  and  obtained  183-6  from  the  ratio 
FeW04  : FeO.  (8)  The  analyses  of  silver  tungstate  furnished  E.  Zettnow  with  the 
value  183-6  from  the  ratio  Ag2W04  : Ag20,  and  also  from  the  ratio  Ag2W04  : 2AgCl. 
(9)  T.  M.  Taylor  measured  the  carbon  dioxide  displaced  by  tungstic  acid  from 
carbonates  and  obtained  183-5  from  the  ratio  W03  : C02,  and  likewise  E.  F.  Smith 
and  F.  F.  Exner  obtained  183-6.  (10)  G.  E.  Thomas  obtained  184-7  by  measuring 
the  water  of  crystallization  in  sodium  tungstate.  F.  W.  Clarke’s  general  review 
gave  184-575  for  the  best  representative  value;  and  J.  Meyer’s,  184-1.  The 
International  Table  for  1929  gave  184. 

The  atomic  number  of  tungsten  is  74.  F.  W.  Aston  3 found  that  tungsten  has 
four  isotopes  with  the  respective  mass  numbers  182,  183,  184,  and  186  ; and  the 
respective  percentage  abundances  22-6,  17-2,  30-1,  and  30-0  per  cent.  The  corre- 
ponding  at.  wt.  is  183-96  m agreement  with  the  representative  value  184  now 
employed.  The  isotopic  form  reported  by  M.  Gerber,  was  rendered  improbable  by 
the  negative  results  of  P.  Barbe.  N.  Bohr’s  view  of  the  electronic  structure  is 


740 


INORGANIC  AND  THEORETICAL  CHEMISTRY 


symbolized  : (2)  for  the  K-shell ; (4,4)  for  the  L-shell ; (6,6,6)  for  the  M-shell ; 
(8, 8, 8, 8)  for  the  N-shell ; (4,4,4)  for  the  0-shell ; and  (2)  for  the  P-shell.  The  subject 
was  discussed  by  E.  C.  Stoner,  A.  Dauvillier,  0.  Feussner,  H.  G.  Grimm, 
J.  D.  M.  Smith,  and  C.  D.  Niven.  Neither  E.  Rutherford  and  J.  Chadwick,  nor 
H.  Pettersson  and  G.  Kirsch,  reported  any  observations  on  the  atomic  dis- 
ruption of  tungsten  when  bombarded  by  a-rays.  The  subject  was  discussed  by 
G.  I.  Podrowsky. 

G.  L.  Wendt  and  C.  E.  Irion  attempted  to  decompose  tungsten  by  rapidly 
discharging  a condenser  hplding  30,000  to  45,000  volts  through  a tungsten  wire 
4 cm.  long  and  0‘035  mm.  diam.,  either  in  vacuo  or  in  carbon  dioxide  at  1 atm. 
press.  In  this  way,  a momentary  temp,  above  20,000°  was  produced  in  the 
wires,  which  were  entirely  dissipated,  no  smoke,  dust  or  solid  residue  being  found 
after  the  explosion.  Abundant  quantities  of  gas  were  present  after  the  explosions 
in  vacuo,  and  a spectroscopic  examination  of  this  showed  the  strong  yellow  helium 
line,  and  two  red,  one  bright  blue,  and  one  pale  violet  line  was  also  observed  but 
have  not  been  identified.  About  the  same  weight  (mean  0173  mg.)  of  tungsten 
furnished  from  3-62  to  030  c.c.of  gas  unabsorbable  by  potassium  hydroxide. 
If  the  whole  of  the  tungsten  had  been  decomposed  into  helium  the  volume  of  gas 
would  have  been  4-0  c.c.  The  results  were  questioned  by  D.  M.  Goetschius,  and 
attempts  to  verify  the  observations  by  H.  Y.  A.  Briscoe  and  co-workers,  S.  Smith, 
and  W.  D.  Harkins  and  S.  K.  Allison  showed  that  G.  L.  Wendt  and  C.  E.  Irion’s 
statements  are  based  on  erroneous  observations.  L.  Thomassen  observed  no  sign 
of  change  in  an  X-ray  tube  after  the  tungsten  had  been  bombarded  90  hrs. 
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§ 8.  Alloys  and  Intermetallic  Compounds  of  Tungsten 

Alloys  of  copper  and  tungsten  were  prepared  by  J.  J.  and  F.  de  Elhuyar,1 
and  F.  A.  Bernoulli  obtained  them  by  the  simultaneous  reduction  of  both  metals. 
The  alloys  were  said  to  be  difficult  to  melt.  J.  Percy  hoped  that  alloys  with 
tungsten  might  be  hard,  and  resist  oxidation,  but  on  trial,  the  results  were  unsatis- 
factory. C.  L.  Sargent  obtained  the  alloy  by  reducing  the  mixed  oxides  with 
sugar  charcoal  in  the  electric  arc  furnace  ; and  E.  W.  von  Siemens  and  J.  G.  Halske 
reduced  copper  tungstate  by  hydrogen.  C.  LiebenofE  obtained  the  alloys  by 
dipping  a lead  plate  in  a soln.  of  copper  and  tungsten  in  dil.  sulphuric  acid.  The 
brownish-red  metals  are  ductile.  When  heated  electrically  in  vacuo,  the  copper 
distils  off.  T.  Kniesche,  and  E.  W.  L.  Biermann,  and  P.  Berthier  reported  alloys 
with  10  per  cent,  tungsten.  D.  Kremer,  and  H.  List  added  that  copper  does  not 
form  homogeneous  alloys  with  tungsten.  0.  Rumschottel  tried  to  make  alloys 
by  the  simultaneous  reduction  of  copper  and  tungsten  oxides  by  the  aluminothermite 
process ; but  found  that  as  the  molten  alloy  cools,  the  tjingsten  separates  out. 
He  also  found  that  the  tungsten  separates  from  ternary  alloys  of  tungsten,  copper, 
and  aluminium,  nickel,  or  cobalt ; similar  results  were  obtained  with  quaternary 
alloys  of  tungsten,  copper,  and  zinc  with  iron,  cobalt,  or  nickel.  J.  G.  Escard 
studied  the  tungsten-copper  alloys.  H.  List  said  that  a satisfactory  regulus  can 
be  obtained  only  in  the  presence  of  a third  element,  say,  silicon ; the  resulting 
ternary  alloy  is  golden-yellow,  and  tough. 

J.  J.  and  F.  de  Elhuyar  prepared  alloys  of  silver  and  tungsten,  which  they  said 
i were  pale  brown,  spongy,  and  malleable.  F.  A.  Bernoulli  was  not  able  to  alloy 
i these  metals.  E.  F.  Smith  said  that  when  tungsten  is  placed  in  an  ammoniacal 
, soln.  of  silver  nitrate,  the  silver  is  quantitatively  precipitated.  J.-J.  and  F.  de 
| Elhuyar  also  obtained  an  alloy  with  gold  which  they  described  as  being  yellow 
j and  difficult  to  melt.  G.  Fuchs  said  that  before  alloying  silver  or  gold  with  tungsten 
j one  of  the  metals  is  first  alloyed  with  nickel,  iron,  or  aluminium.  A gold  alloy 
containing  75  parts  of  gold  to  10  to  15  of  tungsten  and  10  to  15  parts  of  nickel, 
j may  be  used  in  jewellery  as  a substitute  for  platinum.  It  can  be  cast,  hammered, 
and  rolled  and  takes  a much  finer  polish  than  does  platinum.  An  alloy  of  80  parts 
I of  fine  silver,  10  to  15  of  nickel,  is  said  to  have  a greater  strength  than  the  gold 
alloy.  It  is  much  less  affected  by  atmospheric  oxidation  than  silver  and  takes 
a better  polish.  These  alloys  may  also  find  technical  application  on  account  of 
their  resistance  to  acid  attack. 

F.  Wirth  mentioned  the  use  of  an  alloy  with  beryllium  as  a hardening  agent  for 
the  filaments  of  incandescent  lamps.  H.  List  was  not  able  to  obtain  alloys  either 
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with  calcium  and  tungsten  or  with  magnesium  and  tungsten.  J.  J.  and  F.  de 
Elhuyar,  and  F.  A.  Bernoulli  obtained  an  alloy  of  zinc  and  tungsten  by  the 
simultaneous  reduction  of  the  mixed  oxides.  The  alloy  loses  zinc  when  heated. 
H.  List  added  that  zinc  does  not  alloy  with  tungsten.  J.  G.  Escard  studied  the 
alloys  of  tungsten,  copper  and  zinc.  H.  von  Miller,  and  F.  Jones  discussed  the 
action  of  tungsten  on  brass. 

A.  S.  Russell  and  co-workers  found  that  the  solubility  of  tungsten  in  mercury 
is  very  small,  being  of  the  order  of  10-5  grm.  per  gram  of  mercury.  R.  F.  Bernhardi- 
Grisson,  and  G.  Tammann  and  J.  Hinniiber  obtained  tungsten  amalgam  by  the 
electrolysis  of  a soln.  of  tungsten  trioxide  in  alcoholic  hydrochloric  acid  and  a 
mercury  cathode.  The  solubility  of  tungsten  in  mercury  is  less  than  that  of 
molybdenum.  J.  Feree  obtained  the  amalgam  by  the  electrolysis  of  a soln.  of 
tungstic  acid  in  hydrochloric  acid  using  a mercury  cathode.  A.  S.  Russell  found 
that  metals  are  removed  from  their  amalgams  by  oxidizing  agents  in  the  order 
Zn,  Mn,  Cu,  Cr,  Fe,  Mo,  Co,  Hg,  Ni,  W. 

F.  Wohler  and  F.  R.  Michel  melted  a mixture  of  tungsten  trioxide,  cryolite, 
potassium  sodium  chloride,  and  aluminium  (1  : 2 : 2 : 1),  and  removed  the  excess 
of  aluminium  from  the  cold  regulus  by  hydrochloric  acid.  There  remained  rhombic, 
prismatic  crystals  of  sp.  gr.  5-58,  which  were  hard,  and  brittle.  Cold,  cone,  acids 
had  no  action  on  the  alloy,  but  hot  nitric  acid  forms  tungsten  trioxide ; hot 
hydrochloric  acid  dissolves  the  alloy  forming  a deep  brown  soln.  of  a lower  chloride. 
Hot  soda-lve  removes  all  the  aluminium  leaving  tungsten  behind.  H.  Moissan, 
H.  Schirmeister,  J.  W.  Richards,  and  A.  Stavenhagen  prepared  alloys  of  the  metal ; 
H.  List  said  that  the  mixed  metals  do  not  form  a homogeneous  alloy,  but  in  the 
presence  of  a third  metal — cobalt,  nickel,  iron,  or  silicon — homogeneous  alloys 
may  be  formed.  Some  tungsten  separates  from  the  ternary  alloys  of  tungsten 
and  aluminium  with  cobalt,  iron,  or  silicon.  L.  Guillet  studied  the  alloys  in  some 
detail,  but  without  reference  to  the  equilibrium  diagram.  He  obtained  them  by 
igniting  mixtures  of  aluminium  and  tungsten  trioxide  by  a mixture  of  aluminium 
and  80  per  cent,  of  barium  dioxide.  The  alloys  have  a crystal  structure.  They 
are  not  attacked  by  oxygen  at  ordinary  temp,  or  below  a red-heat,  but  at  a red-heat, 
tungsten  trioxide,  the  blue  oxide,  and  alumina  are  formed.  Boiling  water  acts 
slowly,  and  the  metal  acquires  a protective  film  of  oxide.  Chlorine  has  no  action 
at  ordinary  temp.,  but  at  about  300°,  volatile  aluminium  trichloride  and  tungsten 
hexachloride  are  formed.  Hydrochloric  acid  acts  slowly,  but  the  A14W  alloy  is 
vigorously  attacked  by  the  boiling  acid.  Sulphuric  acid  acts  slowly ; and  cone, 
boiling  nitric  acid  slowly  forms  tungsten  trioxide  which  is  reduced  to  the  blue 
oxide  by  the  aluminium,  and  then  oxidized  to  the  trioxide  once  more.  Potash-lye 
does  not  decompose  the  cold  alloy,  but  when  hot,  there  is  a rapid  attack  which  is 
more  vigorous,  the  greater  the  proportion  of  contained  aluminium.  L.  Guillet 
obtained  what  he  regarded  as  aluminium  ditungstide,  A1W2,  from  a mixture  of 
tungsten  trioxide  and  aluminium  in  the  mol.  proportions  A1 : W5.  The  sp.  gr. 
of  the  black,  crystalline  powder  is  12-75  at  20° — the  mixture  rule  gives  a sp.  gr. 
of  13-06.  It  is  not  attacked  by  aqua  regia.  A mixture  of  tungsten  trioxide  and 
aluminium  in  the  mol.  proportions  A1 : W4  furnished  aluminium  tritatungstide, 
A13W,  in  quadratic  prisms  of  sp.  gr.  6-31  at  20° — theoretical  value,  6-38.  It  is 
slowly  decomposed  by  aqua  regia.  Similarly,  tungsten  trioxide  and  aluminium  in 
the  mol  proportions  Al4  : W,  gave  lamellar  crystals  of  aluminium  tetritatungstide, 
A14W,  of  sp.  gr.  5-56  at  20° — theoretical  5-62.  The  alloy  is  quickly  decomposed 
by  aqua  regia.  W.  Campbell  and  J.  A.  Mathews  obtained  an  alloy  corresponding 
with  A18W  in  thin  monoclinic  crystals  readily  attacked  by  aqua  regia  ; and  one 
with  hexagonal  crystals  of  A17W,  which  is  not  affected  by  aqua  regia,  and  is  slowly 
attacked  by  a fused  mixture  of  alkali  carbonate  and  nitrate.  A.  von  Zeerleder 
studied  the  resistance  of  the  Al-W  alloys  to  acids.  D.  A.  Roche  prepared  W-Al-Sb 
alloys  ; M.  R.  Whitmore  and  F.  T.  Sisco,  R.  L.  Roman,  C.  Berg,  G.  Roman, 
and  R.  Wallace,  W-Al-Cu  alloys.  The  term  wolframinum  is  a trade-name  for 
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one  of  the  ternary  alloys  ; and  partinium,  for  an  alloy  of  aluminium,  copper,  tin, 
antimony,  and  tungsten. 

H.  List  said  that  tungsten  does  not  alloy  with  tin,  but  J.  J.  and  F.  de  Elhuyar 
described  the  alloy,  and  R.  L.  Roman,  R.  B.  Wheatley,  and  the  Hannoverscli 
Industriegesellschaft  prepared  alloys  of  tin  and  tungsten 
with  other  metals.  J.  G.  Escard  studied  the  W-Sn-Cu 
alloys.  H.  von  Miller,  R.  B.  Wheatley,  and  J.  Webster 
discussed  the  effect  of  tungsten  on  the  copper- tin  bronzes. 

H.  List,  and  F.  A.  Bernoulli  could  not  prepare  alloys  with 
lead  by  the  direct  union  of  the  metals.  J.  J.  and  F.  de 
Elhuyar  reduced  a mixture  of  tungsten  trioxide  with  lead 
in  a carbon  crucible ; F.  A.  Bernoulli  used  a mixture  of 
lead  oxide  and  tungsten  trioxide ; and  A.  Stavenhagen 
and  E.  Schuchard,  a mixture  of  tungsten  trioxide,  lead 
oxide,  and  aluminium  powder.  The  alloys  were  also  pre-  Fl°-  20-  Freezing-point 
pared  by  H.  Falkenberg,  H.  Kuzel,  and  H.  Lieber.  J^gsten  S^em 

S.  Inouye  prepared  alloys  with  up  to  30  per  cent,  of 

tungsten.  The  thermal  diagram  is  shown  in  Fig.  20.  At  1300°,  lead  dissolves 
a maximum  of  30  per  cent,  of  tungsten.  The  temp,  of  primary  crystallization 
could  not  be  detected  with  less  than  5 per  cent,  of  tungsten.  Tungsten 
crystallizes  first,  and  the  eutectic  appears  to  be  almost  pure  lead.  No  evidence 
of  the  formation  of  a compound  on  the  lead  side  could  be  found,  and  it  is 
improbable  that  there  could  be  one  on  the  tungsten  side,  on  account  of  the  low 
b.p.  of  lead.  H.  Falkenberg,  and  L.  F.  von  Grotthuss-Call  alloyed  tungsten  with 
lead  and  antimony  for  use  as  a bearing  metal.  L.  Freiherr  prepared  ductile  alloys 
of  thorium  and  tungsten  by  reducing  a mixture  of  thoria  and  tungsten  trioxide — 
vide  supra,  ductile  tungsten.  S.  Dushman  and  I.  Langmuir,  and  P.  Clausing 
discussed  the  diffusion  of  thorium  in  tungsten  ; A.  St.  John  observed  no  evidence 
of  an  alloy  of  tungsten  and  thorium  in  thoriated  tungsten  filaments. 

F.  A.  Bernoulli,  and  C.  L.  Sargent  obtained  alloys  with  antimony,  but  not  with 
bismuth.  C.  L.  Sargent  prepared  alloys  of  tungsten  and  chromium  by  melting 
a mixture  of  the  oxides  and  carbon  in  an  electric  furnace  ; and  T.  Goldschmidt 
obtained  them  by  the  aluminothermite  process.  E.  Haynes  also  found  that 
tungsten  alloys  with  chromium  and  cobalt  in  all  proportions.  F.  A.  Fahrenwald, 
E.  C.  Bain,  and  Z.  Jeffries  prepared  alloys  of  molybdenum  and  tungsten  by 
compressing  the  reduced  powders  into  briquettes,  and  heating  them  with  an 
electric  current  in  an  atm.  of  hydrogen  ; and  A.  Stavenhagen  and  E.  Schuchard, 
by  the  thermite  process.  W.  Geiss  and  J.  A.  M.  van  Liempt  observed  no  diffusion 
between  the  two  metals  in  hydrogen  at  2400°  during  2 hrs.,  but  with  a pressed 
bar,  diffusion  occurs  in  15  min.  at  this  temp.  H.  Mennicke  said  that  the  com- 
pound tungsten  hemitrimolybdide,  W2Mo3,  is  formed  by  reducing  molybdenum 
oxide  with  tungsten  hemitrisilicide  in  the  presence  of  lime  : W2Si3-)-3Mo02+3Ca0 
=3CaSi03-f-W2Mo3.  The  silver-white  crystals  have  a sp.  gr.  14-8.  A.  Staven- 
hagen and  E.  Schuchard,  and  H.  Mennicke  said  that  tungsten  molybdide,  WMo, 
is  formed  by  the  aluminothermite  process  : W03+Mo03+4Al=2Al203+WMo. 
There  is  not  sufficient  evidence  to  establish  either  of  these  products  as  a chemical 
individual.  The  equilibrium  diagram,  Fig.  21,  by  F.  A.  Fahrenwald  is  approxi- 
mately a straight  line  from  the  f.p.  of  molybdenum  to  that  of  tungsten.  W.  Geiss 
and  J.  A.  M.  van  Liempt,  and  Z.  Jeffries  also  obtained  analogous  diagrams.  This 
shows  that  the  metals  are  completely  isomorphous.  There  is  no  evidence  of  chemical 
combination  or  of  eutectics.  The  electrical  resistance  curves,  and  the  curves 
for  the  hardness  (Fig.  22)  of  the  alloys,  are  typical  of  an  uninterrupted  series  of 
solid  soln.  Curve  A,  Fig.  22,  refers  to  the  metal  which  has  suffered  a 60-per  cent, 
reduction,  and  B,  the  compressed,  heat-treated  but  unforgcd  ingot.  Both  curves 
are  smoothly  convex,  and  are  typical  of  an  uninterrupted  series  of  solid  soln. 
The  etching  tests  agree  with  the  presence  of  cubic  crystals.  W.  Geiss  and 


744 


INORGANIC  AND  THEORETICAL  CHEMISTRY 


J.  A.  M.  van  Liempt  studied  the  electrical  resistance  and  found  the  results  in 
agreement  with  the  assumption  that  the  alloys  form  a continuous  series  of  solid 
soln.  According  to  A.  E.  van  Arkel,  the  X-radiogram  of  the  50-50-alloy  corresponds 
with  a cube-centred  lattice  showing  that  the  atoms  in  the  isomorplious  crystals 
are  arranged  in  a space-lattice  with  definite  places  for  the  components.  D.  Binnie 
found  that  the  molybdenum-tungsten  thermocouple  has  an  e.m.f.  of  7 to  8 millivolts 
per  degree  at  1500°,  and  8 to  9 millivolts  at  1600°  ; and  he  made  high  temp, 
pyrometers  with  the  couples.  A.  Stavenhagen  and  E.  Schuchard  also  studied 
the  alloys  of  tungsten  and  molybdenum  as  well  as  those  of  W-Mo-Ti,  and 
W-Mo-Cr-Co,  and  E.  W.  von  Siemens  and  J.  G.  Halske,  those  of  chromium  and 
tungsten.  According  to  J.  A.  M.  van  Liempt,  the  corrosion  of  the  alloys  by  acids, 


Fig.  21. — Freezing-point  Curve  of  the 
Molybdenum-Tungsten  System. 


Fig.  22. — The  Scleroscopic  Hardness  of  the 
Molybdenum-Tungsten  Alloys. 


and  by  water,  in  some  cases,  starts  rapidly  at  a particular  composition,  whilst  in 
others  it  increases  continuously  with  increase  in  the  percentage  of  molybdenum. 
Where  a sharp  corrosion  limit  is  shown,  it  is  not  a constant,  but  depends  on  the 
nature  of  the  reagent,  the  temperature,  and  usually  also  on  the  time  of  reaction. 
The  positions  of  the  resistance  limits  do  not  agree  with  G.  Tammann’s  theory. 
The  subject  was  discussed  by  G.  Tammann.  A.  Stavenhegen  and  E.  Schuchard 
obtained  his  alloys  by  the  thermite  process.  According  to  P.  Reinglass,  tungsten 
alloys  in  all  proportions  with  tantalum,  but  with  more  than  10  per  cent,  of 
tantalum,  the  alloys  are  hard  and  brittle  ; with  smaller  proportions  of  tantalum, 
the  alloys  may  be  drawn  into  wires  0-1  mm.  diameter. 
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§ 9.  The  Lower  and  Intermediate  Oxides  of  Tungsten 

About  half  a dozen  tungsten  oxides  have  been  reported  whose  individuality 
is  not  well-established  ; and,  in  addition,  there  are  the  more  clearly  defined  hemi- 
pentoxide,  W205,  the  dioxide,  W02,  and  the  trioxide,  W03.  E.  D.  Desi 1 obtained 
a blue  product  by  the  action  of  cone,  sulphuric  acid  on  tungsten  at  200°  ; after 
quickly  washing  with  alcohol  and  ether,  and  rapid  drying,  its  composition  approxi- 
mated tungsten  monoxide,  WO,  or  W20.W02  ; if  boiling  cone,  sulphuric  acid  be 
employed,  a mixture  of  a white  and  a greenish-blue  product  is  formed — the  latter, 
when  separated,  washed  with  alcohol  and  ether,  and  rapidly  dried,  corresponds 
in  composition  with  tungsten  tetritatrioxide,  W403.  If  tungsten  be  heated  with 
cone,  sulphuric  acid  in  a sealed  tube  at  150°,  a blue  product  with  the  composition 
of  tungsten  hernilrioxide,  W203,  is  formed  ; and  if  the  temp,  in  the  sealed  tube 
be  180°,  the  blue  product  has  the  composition  of  tungsten  pent  itaenneaoxide, 
W509.  When  these  oxides  are  treated  with  ammonia,  or  alkali-lye,  tungsten  and 
the  trioxide  are  formed  ; and  the  hemitrioxide  precipitates  silver  in  brilliant 
scales  from  silver  nitrate  soln. 

Another  series  of  blue-coloured  oxides  has  been  reported  intermediate  between 
the  di-  and  trioxides.  They  are  formed  either  by  oxidizing  the  dioxide  or  by 
reducing  the  trioxide.  A.  'Lottermoser  suggested  that  E.  D.  Desi’s  oxides,  as  well 
as  these  intermediate  oxides,  are  only  mixtures  of  tungsten  and  its  trioxide.  A 
number  of  these  have  been  used  as  blue  pigments  under  the  commercial  names 
wolfram-blue,  mineral  blue,  and  blue  carmine.  E.  F.  Anthon  added  that  these  blues 
are  cheaper  than  the  smalt  blues.  A.  Pinchon  employed  a mixture  of  tungsten- 
blue  and  yellow  tungstic  acid  as  a non-poisonous  green  pigment  in  place  of  the 
arsenical  copper  greens.  J.  J.  Berzelius  observed  that  when  dry  hydrogen 
is  passed  over  gently  warmed  tungsten  trioxide,  a blue  oxide  is  formed — 
F.  J.  Malaguti  used  the  flame  of  a spirit-lamp  as  a source  of  heat ; and  A.  Riche 
recommended  working  at  250°.  F.  Gobel,  and  L.  Gmelin  obtained  the  blue  oxide 
by  passing  carbon  monoxide  over  tungsten  trioxide  at  a red-heat.  F.  J.  Malaguti, 
and  L.  von  Uslar  obtained  the  blue  oxide  by  igniting  ammonium  tungstate  in  a 
covered  crucible  ; and  E.  F.  Anthon,  by  heating  the  ammonium  tungstate  in  a 
current  of  hydrogen — vide  infra,  the  5 : 14,  4 : 11,  and  3 : 8 oxides  ; and  also  the 
analogous  blue  molybdenum  oxides. 

There  are  some  hydrated  forms  of  the  blue  oxide — thus,  A.  Riche  observed 
that  when  tungstic  acid  under  water  is  exposed  to  sunlight,  it  acquires  a blue 
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colour ; and  R.  E.  Liesegang,  that  tungstic  acid  in  contact  with  paper,  becomes 
blue  in  sunlight.  R.  Bunsen  said  that  paper  moistened  with  sodium  tungstate 
soln.  becomes  blue  or  green  when  treated  with  stannous  chloride,  or  ammonium 
sulphide.  H.  E.  Roscoe  observed  that  when  tungsten  pentachloride  or  penta- 
bromide  is  hydrolyzed,  the  blue  oxide  is  formed,  and  this  is  easily  oxidized  by 
permanganate  to  tungstic  acid.  P.  Burckhard  obtained  the  blue  product  by  the 
electrolysis  of  fused  sodium  tungstate  ; and  E.  F.  Smith,  by  the  electrolysis  of 
fused  sodium  tungstate,  and  by  the  electrolysis  of  a soln.  of  a tungstate  in  boiling 
hydrochloric  acid.  C.  Scheibler  added  that  when  a soln.  of  metatungstic  acid  is 
sat.  with  hydrogen  sulphide,  and  then  treated  with  ammonia  or  ammonium  sulphide, 
sulphur  separates  out,  and  the  mixture  acquires  an  intense  blue  coloration. 
W.  Biltz  found  that  the  blue  colloidal  soln.  so  prepared  dyes  silk  a pale  blue — 
the  result  is  less  satisfactory  with  cotton  or  wool.  W.  Biltz  dialyzed  the  colloidal 
soln.  and  found  that  some  of  the  blue  substance  passes  through  the  membrane. 
The  dialyzed  soln.  is  deep  sky-blue.  M.  Kroger  obtained  colloidal  soln.  of  the  blue 
tungsten  oxide  by  electrolyzing  a 2 per  cent.  soln.  of  sodium  tungstate  with  an 
excess  of  acid  ; if  an  excess  of  acid  be  not  used,  a dark  brown  soln.  is  formed. 
The  colloid  is  reversible,  and  the  colloid  is  negative  so  that  it  collects  about  the 
anode  as  a dark  blue  liquid  when  an  electric  current  is  passed  through  the  liquid 
contained  in  A.  Coehn’s  apparatus.  The  liquid  about  the  cathode  becomes  clear. 
The  colloid  is  precipitated  from  the  soln.  by  positively  charged  colloids — e.g.  the 
hydrated  oxides  of  iron,  aluminium,  chromium,  thorium,  zirconium,  and  cerium. 
W.  Biltz  and  W.  Geibel  found  that  a freshly-prepared  colloidal  soln.  of  the  blue 
oxide  is  optically  empty,  older  preparations  are  more  or  less  cloudy  in  Tyndall’s 
cone  of  light.  N.  R.  Dhar  and  co-workers  studied  the  coagulation  of  the  colloidal 
soln. 

According  to  E.  T.  Allen  and  V.  H.  Gottschalk,  tungsten  pentitatetradecoxide, 
W5014.H20,  is  formed  when  tungsten  trioxide  is  reduced  by  heating  it  with  soln.  of 
stannous  chloride  in  hydrochloric  acid  on  a water-bath,  or  by  heating  it  to  200° 
with  hydriodic  acid  in  a sealed  tube.  The  pentitatetradecoxide  forms  a dark  blue 
powder  with  a purplish  lustre  ; it  is  insoluble  in  water  acidified  with  hydrochloric 
acid,  but  in  pure  water  it  seems  to  form  a colloidal  soln.  It  is  readily  oxidized  by 
exposure  to  the  air  or  by  oxidizing  agents,  and  is  instantly  converted  into  the 
trioxide  by  the  action  of  heat.  When  heated  with  a soln.  of  an  alkali  hydroxide, 
hydrogen  is  evolved  and  a tungstate  is  produced,  whilst  by  the  action  of  ammonia, 
ammonium  tungstate  and  a brown  residue  are  formed,  but  no  gas  is  evolved. 
According  to  E.  D.  Desi,  when  sulphurous  acid  acts  on  tungsten,  W5014  is  formed. 
J.  Eltzbacher  found  that  when  freshly  precipitated  tungsten  trioxide  is  dissolved 
in  a boiling  soln.  of  oxalic  acid,  and  the  liquid  electrolyzed  in  a compartment  cell, 
the  cathode  liquid  becomes  clear,  and  a deposit  of  the  dark  blue  oxide  forms  on  the 
cathode.  H.  Leiser  stated  that  if  an  acidic  soln.  of  tungstic  acid  is  electrolyzed, 
using  a platinum  or  nickel  cathode,  a blue  soln.  of  tungsten  tetritahenoxide,  W40u, 
the  anhydride  of  metatungstic  acid,  is  formed.  L.  von  Uslar  reported  tungsten 
pentitaoctoxide,  W508.  As  indicated  above,  when  the  pentitatetradecoxide  is 
treated  with  aq.  ammonia,  a brown  mass  is  produced  which  E.  T.  Allen  and 
Y.  H.  Gottschalk  found  to  have  the  composition  of  tungsten  trilaocloxide,  W308.H20, 
when  it  has  been  washed  and  dried.  The  deep  purple  oxide  has  a bronze  lustre, 
and  its  chemical  behaviour  is  like  that  of  the  pentitatetradecoxide.  E.  D.  Desi 
said  that  the  tritaoctoxide,  W308,  is  obtained  by  heating  ammonium  metatungstate 
to  a bright  red-heat,  or  by  fusing  tungstic  acid  with  potassium  iodide.  The  purple 
product  has  a yellow  metallic  lustre,  and  it  is  insoluble  in  acids,  and  alkali-lye. 
0.  F.  von  der  Pfordten  also  prepared  this  oxide. 

L.  Wohler  and  O.  Balz  measured  the  equilibrium  constants  of  the  systems  in 
which  tungsten  trioxide  and  dioxide  are  reduced  by  hydrogen  ; and  in  which 
tungsten  is  oxidized  by  steam.  The  equilibrium  constant  is  represented  by  the 
ratio  of  the  concentrations  of  steam,  Ch.,o>  an<^  °f  hydrogen,  Ch2>  in  equilibrium 
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with  the  solid  phase.  Only  the  bluish-violet  tungsten  hemipentoxide,  W205,  and 
brown  tungsten  dioxide,  W02,  were  found  as  stable  solid  phases.  The  blue  oxides 
with  a composition  between  that  of  the  trioxide  and  of  the  hemipentoxide  are 
mixtures.  These  results  were  confirmed  by  G.  Chaudron — vide  supra,  Fig.  2. 
L.  Wohler  and  0.  Balz  found  that  the  equilibrium  constants  were  K^  = \Q  for 
W03  : W205  at  800°  ; K2= 5-1  for  W205  : W02  at  800°  ; and  tf3=l-0  for  W02  : W 
at  950°.  L.  Wohler  and  W.  Prager  gave  : 

733°  828°  863°  868"  941°  1036' 

K3  . . 0-45  0-65  0-75  0-82  0-99  1-29 

J.  A.  M.  van  Liempt  showed  that  the  conditions  of  equilibrium  indicate  that  if 
hydrogen  be  passed  through  water  at  95°,  and  the  mixture  of  hydrogen  and  water 
vapour  be  passed  over  tungsten  trioxide  at  900°,  tungsten  hemipentoxide  is  formed. 
The  blue  oxide  obtained  by  W.  Reinders  and  A.  W.  Vervloet  varied  in  composition 
between  WO2.20  to  W02.95.  G.  A.  Meerson  found  that  in  hydrogen,  the  hemi- 
pentoxide sublimes  above  900°.  L.  Wohler  and  R.  Gunther  calculated  for  the 
dissociation  press.,  p2  atm.,  for  W205->W02,  log  p2=— 28000 T_1-f 8-496  ; and 
for  the  heat  of  the  reaction,  128-0  Cals.  H.  Alterthum  and  F.  Koref  calculated 
values  for  the  dissociation  press.,  and  gave  for  the  heat  of  vaporization  43-36  Cals, 
at  1800°  K.  For  the  equilibrium  constant  in  the  reaction  4W024-02=2W205-f-237 
Cals.,  if2=[W02]4[02]/[W205]2,  where  the  bracketed  terms  denote  partial  press., 
log  A'2=— 237000T- 1/4-57+3xl-75  log  T-\- 9.  W.  Frankel  found  for  the  reaction 
2W03+CCMC02+W205,  for  Z=[C02]/[C0]  between  750°  and  1050°,  K= 17-2  to 
21-1 — vide  infra,  tungsten  trioxide.  Z.  Shibata  gave  2W02+|02=W205+62-9 
Cals.  P.  Sabatier  and  J.  B.  Senderens  said  that  tungsten  dioxide  at  450°-500°  is 
oxidized  by  nitrous  or  nitric  oxide  to  tungsten  hemipentoxide.  The  various  inter- 
mediate oxides,  prepared  in  the  dry-way  as  indicated  above,  must  be  regarded  as 
mixtures  containing  blue  hemipentoxide.  E.  Friederich  and  L.  Sittig  obtained  the 
dark  violet  hemipentoxide  by  heating  at  1000°  for  an  hour  a mixture  of  4-77  grms. 
of  powdered  tungsten  and  29  grms.  of  tungsten  trioxide.  H.  Leiser  obtained  a 
blue  oxide  approximating  W4Ou  by  the  electrolysis  of  metatungstic  acid  with  a 
platinum  cathode,  and  with  a lead  cathode  the  dioxide  is  formed.  J.  A.  M.  van 
Liempt  gave  for  the  heat  of  formation  4W02+02=2W205-f  125-2  Cals.  ; or 
2(2W,50)=318-4  Cals.  E.  Friederich  gave  4-56  ohm.  per  sq.  mm.  for  the  electrical 
resistance.  The  blue  oxide  has  been  obtained  only  in  an  impure  state  as  an 
amorphous  powder  ranging  in  colour  from  a greenish-blue  to  deep  blue.  The 
X-ray  diffraction  pattern  obtained  by  C.  J.  Smithells  and  H.  P.  Rooksby  is  shown 
by  Fig.  14.  E.  Friederich  and  L.  Sittig  gave  4-5  xlO4  ohms  for  the  sp.  resistance 
at  100°,  and  found  it  to  be  less  than  the  resistance  of  the  dioxide.  E.  Wedekind 
and  C.  Horst  gave  0-755  XlO-6  for  the  magnetic  susceptibility.  The  blue  oxide  is 
converted  into  the  trioxide  when  heated  in  air  or  oxygen  ; and  when  prepared  in 
the  wet  way,  it  is  readily  oxidized  by  nitric  acid  or  aqua  regia,  but  when  prepared 
in  the  dry  way  it  resists  attack  by  these  reagents.  Y.  I.  Spitzin  and  L.  Kaschtanoff 
observed  that  when  the  hemipentoxide  is  heated  in  hydrogen  chloride,  the  dioxydi- 
chloride  is  formed,  leaving  a residue  of  tungsten ; and  he  represented  the  com- 
position : W(W03)5,  i.e.  3W205.  P.  Sabatier  and  A.  Mailhe  said  that  above  170°, 
the  blue  oxide  acts  catalytically  in  decomposing  formic  acid  into  carbon  monoxide 
and  water.  The  catalytic  properties  of  the  blue  oxide  in  forming  ethyl  alcohol,  etc., 
were  studied  by  P.  Sabatier  and  A.  Mailhe,  and  J.  N.  Pearce  and  A.  M.  Alvarado. 
A.  Charriou  demonstrated  the  increased  catalytic  activity  of  alumina  containing 
the  adsorbed  blue  oxide. 

J.  J.  Berzelius2  obtained  tungsten  dioxide,  W02,  by  passing  hydrogen  over 
tungsten  trioxide,  free  from  alkali,  and  feebly  ignited  in  a glass  tube.  A.  Riche 
added  that  if  the  temp,  be  too  low,  the  blue  oxide  is  formed,  and  if  too  high  the 
metal  is  formed.  In  the  formation  of  the  dioxide  as  an  intermediate  stage  in  the 
reduction  of  tungsten  trioxide  by  hydrogen,  J.  A.  M.  van  Liempt  showed  that  the 
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conditions  of  equilibrium  indicate  that  if  hydrogen  be  passed  through  water  at 
85°,  and  the  mixture  of  hydrogen  and  water  vapour  be  passed  over  tungsten  trioxide 
at  900°,  tungsten  dioxide  is  formed — vide  supra.  W.  Frankel  made  similar  observa- 
tions in  connection  with  the  reduction  of  carbon  monoxide— ^ihcfe  infra,  tungsten 
trioxide.  C.  F.  Bucholz  heated  a mixture  of  tungsten  trioxide  and  carbon  in  a 
covered  crucible  at  a dull  red-heat ; the  Westinghouse  Metal  Filament  Lamp  Co. 
added  that  better  results  are  obtained  with  a mixture  of  tungsten  trioxide,  free 
from  alkali,  and  one-tenth  to  one-fifth  its  weight  of  glycerol,  or  ethylene  glycol. 
The  dried  mass  is  heated  in  a closed  vessel  at  a bright  red-heat  for  some  hours. 
F.  Wohler  allowed  dil.  hydrochloric  acid  and  zinc  to  act  on  tungsten  trioxide,  if 
necessary  renewing  the  acid,  and  zinc,  until  all  trioxide  had  been  converted  into 
copper-red  scales.  The  product  is  washed  with  water  while  protected  from  air, 
and  preserved  under  water.  0.  F.  von  der  Pfordten  used  hydrated  tungsten 
trioxide.  A.  Riche  added  that  the  tungsten  trioxide  is  only  superficially  reduced 
by  this  process,  and  he  recommended  the  use  of  an  alkali  tungstate  in  place  of 
tungsten  trioxide,  and  washing  the  product  with  water  saturated  with  hydrogen, 
and  afterwards  drying  it  in  an  atm.  of  hydrogen.  F.  Wohler  heated  an  intimate 
mixture  of  potassium  tungstate  and  ammonium  chloride  until  the  ammonium  salt 
was  all  expelled  ; washed  out  the  potassium  chloride  with  water,  and  the  undecom- 
posed acid  tungstate  with  a boiling  dil.  soln.  of  potassium  hydroxide  ; and  finally 
washed  the  product  with  water.  F.  Wohler,  and  H.  E.  Roscoe  decomposed  tungsten 
tetrachloride  with  water  and  obtained  a precipitate  of  the  dioxide  and  a greenish- 
brown  soln.  which  gradually  deposited  the  dioxide  ; tungsten  dichloride  is  also 
hydrolyzed  by  water  slowly  giving  off  hydrogen  and  forming  the  dioxide.  E.  Defacqz 
heated  tungsten  diiodide  to  500°  in  a current  of  carbon  dioxide.  E.  D.  Desi 
obtained  the  dioxide  by  evaporating  sulphuric  acid  along  with  tungsten  monoxide. 
L.  A.  Hallopeau  heated  lithium  paratungstate  for  nearly  an  hour  in  a current  of 
hydrogen,  and  washed  the  product  successively  with  boiling  water,  cone,  hydro- 
chloric acid,  a 20  per  cent,  boiling  soln.  of  lithium  hydroxide,  and  finally  with  hot 
water.  E.  Friederich  and  L.  Sittig  obtained  the  dioxide  by  heating  a mol  of  the 
triiodide  and  a gram  atom  of  carbon  ; and  also  by  heating  to  1000°  for  an  hour,  an 
intimate  mixture  of  a gram-atom  of  tungsten  powder  and  2 mols  of  tungsten 
trioxide.  H.  Leiser  observed  that  a soln.  of  a metatungstic  acid  when  electrolyzed 
with  a lead  cathode  furnishes  tungsten  dioxide,  and  with  a platinum  cathode,  a 
blue  oxide  approximating  W4On.  W.  Meissner,  and  A.  Schulze  discussed  the 
supraconductivity  of  the  dioxide  ; and  J.  S.  Donal,  the  emission  of  electrons  by 
tungstous  oxide.  J.  Yrede  observed  that  the  oxide  is  no  use  as  a radio-detector. 

R.  F.  Bernhardi-Grisson  said  the  electrolytic  reduction  of  soln.  of  tungsten 
trioxide  in  hydrofluoric  or  hydrochloric  acid  furnishes  the  dihydrate,  W02.2H20, 
tungsten  tetrahydroxide,  H4W04,  or  W(OH)4.  It  is  a brown  powder  soluble  in 
hydrochloric  acid  forming  a greenish  soln.  which  rapidly  becomes  blue  owing  to 
the  oxidation  of  quadrivalent  to  quinquevalent  tungsten.  It  is  insoluble  in  soda-lye, 
sulphuric  acid,  and  acetic  acid. 

J.  J.  Berzelius  described  tungsten  dioxide  as  a brown  powder  with  a tinge  of 
copper-red  ; and  A.  Riche  found  his  preparation  to  be  dark  yellow.  F.  Wohler 
said  that  it  forms  copper-red  scales  with  a metallic  lustre  ; and  L.  A.  Hallopeau,  a 
brown  powder,  with  a copper-red  lustre,  consisting  of  microscopic,  opaque,  regular, 
octahedral  crystals.  V.  M.  Goldschmidt  and  co-workers  discussed  the  crystal 
structure.  L.  Pauling  discussed  the  crystal  structure.  C.  J.  B.  Karsten  gave  12-11 
for  the  sp.  gr.  W.  Biltz  studied  the  mol.  vol.  E.  Friederich  and  L.  Sittig  gave 
5-0  to  5-5  for  the  hardness.  L.  Wohler  and  R.  Gunther  calculated  for  the  dissocia- 
tion press.  pA  atm.,  for  W02->W,  log  p3=  — 29808T_1+9-168  ; and  for  the  heat  of 
the  reaction  : W+02=W02-f  136-2  Cals.  N.  Parravano  and  G.  Malquori  gave  for 
the  dissociation  press.,  log  pQt=— 24-993  at  600°.  H.  Alterthum  and  F.  Koref 
calculated  values  for  the  equilibrium  constant  in  the  equation  W-j-02=W02-}-82-6 
Cals.,  .K1=[W02]/[02],  where  the  bracketed  terms  denote  partial  press.,  and  log 
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F1=82600T_1  “4-57.  They  gave  for  the  heat  of  vaporization,  48-86  Cals,  at 
2000°  K.  Z.  Shibata  gave  138-2  cals,  per  gram.  E.  Friederich  and  L.  Sittig  gave 
1500°-1600°  for  the  m.p.  J.  A.  M.  van  Liempt  gave  for  the  heat  of  formation 
(W,02)=127-9  Cals.  ; and  for  the  heats  of  oxidation,  (4W02,02)=2W205-j-125-2 
Cals.  ; and  (2W205,02)—4W03-f  140-4  Cals.  The  X-ray  diffraction  pattern, 
obtained  by  C.  J.  Smithells  and  H.  P.  Rooksby,  is  shown  in  Fig.  14.  H.  von  Warten- 
berg  and  H.  Moehl  observed  that  the  heat  of  formation  of  W02  is  131  Cals.,  and  the 
heat  of  vaporization  —31  cals.  E.  Friederich  found  the  electrical  resistance  to  be 
9-8  x 104  ohms  at  1000°.  When  the  dioxide  is  heated  in  hydrogen,  F.  Wohler  said 
that  it  is  reduced  to  the  metal — vide  swpra,  the  action  of  water- vapour  on  tungsten  : 
W+2H2CMW02+2H2.  The  powder  obtained  by  the  hydrogen  reduction  process 
is  pyrophoric,  but,  according  to  A.  Riche,  after  it  has  stood  24  hrs.  in  hydrogen, 
it  is  stable  in  air.  When  the  dioxide  is  heated  in  air,  it  burns  like  tinder  to  form 
the  trioxide.  The  dioxide,  freshly  prepared  by  the  wet-process,  rapidly  oxidizes 
in  air,  acquiring  a blue  colour ; if  the  powder  has  been  dried,  it  may  be  kept  in 
contact  with  air  without  change.  The  dioxide  burns  to  the  trioxide  when  heated 
in  oxygen  ; and  the  same  product  is  obtained  when  the  dioxide  is  heated  with 
mercuric  oxide.  If  water  be  in  contact  with  the  dioxide  for  some  months,  it  acquires 
a blue  colour.  S.  M.  Delepine  and  L.  A.  Hallopeau  found  that  the  dioxide  readily 
decomposes  water  containing  a little  alkali  in  consequence  of  the  formation  of  an 
alkali  tungstate.  J.  J.  Berzelius  said  that  a cone,  boiling  soln.  of  potassium 
hydroxide  decomposes  the  dioxide  forming  the  alkali  tungstate,  and  giving  off  a 
little  hydrogen ; and  A.  Riche, 'and  E.  F.  Smith  and  O.  L.  Shinn  added  that  the 
soln.  in  alkali-lye  becomes  intensely  red,  it  gives  off  hydrogen,  and  then  acquires 
a blue  colour.  L.  A.  Hallopeau’s  preparation  was  not  attacked  by  cone,  alkali-lye. 
H.  E.  Roscoe  observed  that  the  dioxydichloride  is  formed  when  dry  chlorine  acts 
on  the  dioxide  ; and  A.  Riche,  and  E.  F.  Smith  and  O.  L.  Shinn  added  that  chlorine- 
water  oxidizes  the  dioxide  to  the  trioxide.  V.  I.  Spitzin  and  L.  Kaschtanoff 
found  hydrogen  chloride  converts  it  into  the  dioxydichloride  and  tungsten ; and 
they  wrote  the  formula  W(W03)2,  i.-e.  3W02.  L.  A.  Hallopeau  found  that  the 
dioxide  is  attacked  neither  by  hydrochloric  acid  nor  by  sulphuric  acid.  A.  Riche, 
and  E.  F.  Smith  and  0.  L.  Shinn  added  that  a little  of  the  dioxide  prepared  by  the 
wet  process  dissolves  in  cold  hydrochloric  or  sulphuric  acid  forming  a reddish  soln. 
which  becomes  purple  when  heated ; the  soln.  remains  red  for  a long  time,  but  it 
slowly  decomposes  forming  the  blue  oxide.  The  change  occurs  rapidly  if  the  soln. 
is  heated.  E.  F.  Smith  and  H.  Fleck  found  that  sulphur  monochloride  converts 
the  dioxide'  into  the  oxy tetrachloride.  According  to  F.  Wohler,  when  gently 
warmed  in  dry  ammonia,  the  dioxide  forms  a brownish-black  substance  containing 
hydrogen  and  nitrogen,  mixed  with  unchanged  dioxide,  and  at  a higher  temp., 
tungsten  is  formed.  A.  Riche,  and  E.  F.  Smith  and  0.  L.  Shinn  found  that  boiling, 
aq.  ammonia  does  not  dissolve  the  dioxide.  According  to  P.  Sabatier  and 
J.  B.  Senderens,  if  the  dioxide  is  heated  to  450°  or  500°  in  nitrous  oxide,  the  blue 
hemipentoxide  is  formed — neither  nitric  oxide  nor  nitrous  fumes  were  observed, 
the  nitrous  oxide  is  reduced  to  nitrogen.  At  about  500°,  tungsten  dioxide  reacts 
vigorously  with  nitric  oxide  forming  the  blue  hemipentoxide ; and  at  about  300°, 
nitrogen  peroxide  forms  a mixture  of  tungsten  hemipentoxide  and  trioxide. 
A.  Riche,  E.  F.  Smith  and  0.  L.  Shinn,  and  L.  A.  Hallopeau  observed  that  cold 
nitric  acid  slowly  oxidizes  the  dioxide  to  the  trioxide  ; and  A.  Riche  found  that 
aqua  regia  forms  a similar  product.  H.  C.  Greenwood  found  that  the  dioxide  is 
reduced  to  the  metal  when  it  is  heated  with  carbon  to  about  1020°.  O.  Brunner 
showed  that  when  tungsten  dioxide  is  heated  with  carbon  dioxide  it  is  oxidized : 
W02-j-C02=W03-f  CO.  A.  Riche,  and  E.  F.  Smith  and  0.  L.  Shinn  found  that 
the  dioxide  reduces  an  ammoniacal  soln.  of  silver  nitrate  to  silver ; and  cupric 
and  mercuric  chlorides  are  reduced  to  cuprous  and  mercurous  chlorides  respectively. 
H.  von  Wartenberg  and  H.  Moehl  found  that  there  is  a balanced  reaction  at  high 
temp.  With  aluminium,  zirconium,  and  thorium  and  tungsten  dioxide,  vide 
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supra,  the  chemical  properties  of  tungsten.  F.  Wohler  found  that  when  a mixture 
of  the  dioxide  and  sodium  carbonate  is  heated  out  of  contact  with  air,  tungsten 
and  sodium  tungstate  are  formed. 

F.  Wohler  3 observed  that  when  acid  sodium  tungstate  is  reduced  by  hydrogen, 
a bronze-coloured  powder  is  obtained.  The  product  is  a member  of  a series  of 
reduction  products  of  the  alkali  and  alkaline  earth  tungstates  which  have  been 
designated  tungsten-bronzes  because,  owing  to  their  intense  and  vivid  colours,  and 
their  remarkable  chemical  inactivity,  they  can  be  used  as  substitutes  for  bronze- 
powders.  This  term  is  applied  to,  finely-divided  or  powdered  metals — e.g.  brass, 
bronze,  aluminium,  and  copper — which,  when  mixed  with  a suitable  binding 
material- — e.g.  varnish,  or  amyl  acetate — can  be  used  as  paints  for  ornamental  and 
decorative  purposes,  and  for  protecting  iron,  etc.,  against  corrosion. 

The  tungsten-bronzes  appear  to  contain  several  sexivalent  tungsten  atoms, 
and  one  quadrivalent  tungsten  atom.  Their  composition  can  be  represented  by 
wR2O.wWO3.WO2,  although  in  the  majority  of  them  m is  unity,  and  the  general 
formula  is  then  R2O.wWO3.WO2,  or  simply  R2(W03)n+1.  The  chemical  nature 
of  the  tungsten-bronzes  has  not  been  worked  out.  Many  of  them  are  probably 
solid  soln.  of  different  individuals.  Different  formulae  have  been  applied  to  the 
products  of  apparently  similar  reactions.  Thus,  G.  von  Knorre  heated  equimolar 
proportions  of  sodium  and  potassium  tungstates  to  redness  in  hydrogen  and  obtained 
on  one  occasion  a purple-red  bronze,  2Na4W5015.5K2W4012,  and  on  another 
occasion  a dark  red  bronze,  2Na2W309.3K2W4012.  Different  products  have 
probably  been  given  the  same  formula.  Each  new  investigation  furnishes  new 
products,  but  rarely  are  the  reports  of  previous  workers  completely  confirmed. 
There  are  difficulties  (i)  in  the  analytical  determination  of  the  ratio  of  the  total 
tungsten  to  that  present  in  the  quadrivalent  form  (ii)  in  recognizing  whether  the 
products  are  chemical  individuals  or  mixtures  because  of  their  general  insolubility, 
and  resistance  to  attack  by  ordinary  reagents.  When  heated  in  hydrogen  chloride, 
V.  I.  Spitzin  and  L.  Kaschtanoff  found  that  the  dioxydichloride  is  formed,  sodium 
chloride,  and  tungsten  are  formed,  and  they  think  that  their  results  agree  with  the 
formula  (Na2W206)3,  or  Na6[(W04)3W(W03)2],  for  the  yellow  bronzes;  and 
(Na2W309)3,  or  Na6[(W04)3(W03)3W(W03)2],  for  the  red  bronzes,  (iii)  In  repeating 
the  work  of  previous  investigators  because  of  unrecognized  but  essential  conditions 
for  producing  particular  results.  In  some  cases,  arrested  reactions  are  involved — - 
vide  4.  31,  33.  Thus,  O.  Brunner  showed  that  the  reaction  with  the  yellow  sodium 
tungsten  bronze  : 3Na2W206^Na2W04+2Na2W207+W,  is  reversible,  and  if  it 
be  slow,  or  if  the  temp,  be  variable,  it  will  be  difficult  to  obtain  a definite  product. 

The  tungsten-bronzes  are  obtained  : (1)  by  the  reduction  of  an  acid  tungstate 
with  hydrogen,  coal  gas,  or  tin,  zinc,  or  iron  at  a high  temp. — F.  Wohler,  and 
H.  Wright ; (2)  by  the  electrolytic  reduction  of  a fused  polytungstate — 

C.  Scheibler,  A.  Stavenhagen,  E.  Engels,  L.  and  H.  H.  Kahlenberg,  and  E.  Zettnow  ; 
and  (3)  by  melting  mixtures  of  normal  or  acid  tungstates  with  tungsten  dioxide, 
out  of  contact  with  air — 0.  Brunner.  According  to  V.  I.  Spitzin,  the  tungstates 
are  reduced  by  hydrogen  at  650°  to  700°  to  a constant  weight ; and  the  products 
from  the  ditungstate,  Na2W207,  paratungstate,  Na10W12O41,  tetratungstate, 
Na2W4Oi3,  and  pentatungstate,  Na2W5016,  are,  in  every  case,  mixtures  of  sodium 
tungstate,  Na2W04,  and  tungsten.  Above  700°,  a further  loss  in  weight  takes 
place,  and  at  900°,  each  of  the  above  acid  tungstates  and  also  sodium  tungstate  are 
reduced  to  tungsten.  The  various  tungsten  bronzes  are  also  reduced  to  sodium 
tungstate  and  tungsten  at  650°-700°.  The  blue  bronze,  Na2W5015,  is  reduced 
successively  to  the  violet,  Na2W4012,  the  red,  Na2W309,  and  the  yellow  bronzes, 
Na2W206  ; this  reduction  takes  place  comparatively  slowly  at  550°  and  rapidly 
at  650°,  but  at  no  temperature  does  reduction  cease  at  any  intermediate  stage. 
The  formation  of  bronzes  by  the  reduction  of  acid  tungstates  is  believed  to  take 
place  according  to  equations  of  the  type  : Na2W4013+H2:=Na2W4012+H20 ; 
Na2W4012+3H2=Na2W309-)-W+3H20.  In  this  case,  the  molecule  of  bronze 
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could  never  contain  more  atoms  of  tungsten  than  that  of  the  tungstate  from 
which  it  was  prepared.  This,  however,  is  sometimes  the  case,  but  is  ascribed  to 
impurities  in  the  tungstate ; thus,  sodium  tetratungstate  yields  a blue  bronze, 
but  the  metatungstate,  Na2W4013,10H20,  which  can  be  purified  by  crystallization 
from  water,  yields  the  violet  bronze. 

The  colour  of  the  tungsten  bronzes  ranges  from  golden-yellow,  reddish-yellow, 
purple-red,  violet,  blue,  to  bluish-black.  As  the  proportion  of  tungsten  increases, 
the  colour  changes  in  the  order  indicated.  In  thin  layers,  the  bronzes  are  more  or 
less  translucent,  and  the  colour  by  transmitted  light  may  be  complementary  to 
that  by  reflected  light.  These  bronzes  are  usually  crystalline — -generally  as  cubes 
or  needles.  Their  sp.  gr.  is  high  ranging  from  6-5  to  7-5.  For  the  luminescence  of 
the  tungsten-bronzes,  vide  infra,  calcium  tungstate.  They  are  good  conductors 
of  electricity.  They  are  insoluble  in  water  ; and  with  the  exception  of  hydrofluoric 
acid  are  not  attacked  by  the  usual  acids.  Hot  aqua  regia  acts  on  some  of  the 
tungsten  bronzes.  They  are  not  stated  on  by  alkali-lye,  but  they  are  decomposed 
by  fusion  with  alkali  hydroxide,  sulphur,  and  ammonium  hydrosulphate  or  per- 
sulphate. Some  of  the  bronzes  were  shown  by  0.  Brunner  to  be  oxidized  when 
heated  with  carbon  dioxide  to  form  carbon  monoxide.  They  are  oxidized  to  tung- 
states when  heated  in  air  or  oxygen,  or  when  heated  with  mercuric  oxide.  When 
boiled  with  an  ammoniacal  soln.  of  silver  nitrate,  silver  is  precipitated.  0.  Brunner 
showed  that  the  tungsten-bronzes  with  a relatively  small  proportion  of  tungsten 
decompose  when  heated,  forming  tungsten,  normal  tungstate,  and  a tungsten-bronze 
with  a higher  proportion  of  tungsten,  eg.  3Na2W206^W+Na2W04-f  2(Na2W04. 

W03). 

Lithium-tungsten-bronzes  were  prepared  by  0.  Brunner,  W.  Feit,  L.  A.  Hallopeau, 

G.  von  Knorrc,  and  C.  Scheibler.  Thus,  Li2W4012  furnishes  steel-blue,  microscopic 
plates  of  sp.  gr.  7-50 ; Li2W5015  appears  in  deep  blue,  microscopic  prisms  when 
lithium  paratungstate  is  fused  with  tin,  or  fused  paratungstate  is  electrolyzed ; 
Li2W702i  is  steel-blue;  and  Li2W5015.3K2W4012  appears  in  violet  needles  when 
a fused  mixture  of  equimolar  proportions  of  lithium  and  potassium  tungstates  is 
reduced  with  tin. 

Sodium-tungsten-bronzes  were  prepared  by  E.  F.  Anthon,  0.  Brunner,  L.  and 

H.  H.  Kahlenberg,  F.  J.  Malaguti,  F.  Margueritte,  H.  Schnitzler,  J.  Philipp, 
J.  Philipp  and  P.  H.  Schwebel,  C.  Scheibler,  F.  Wohler,  and  H.  Wright.  Thus, 
Na2W206  furnishes  golden-yellow  cubes  of  sp.  gr.  7-28 ; Na2W309,  purple-red 
octahedra  of  sp.  gr.  7-22 ; Na2W4012,  violet  needles  of  sp.  gr.  7-195 ; and 
Na2W5015,  blue  cubes  with  a copper-red  lustre.  W.  Feit,  and  G.  von  Knorre  pre- 
pared 3K2W40i2.2Na2W309,  and  5K2W4012.2Na2W5015  as  indicated  above.  Both 
are  dark  red  ; the  latter  has  a sp.  gr.  7-117,  and  when  powdered,  becomes  blue. 

Potassium-tungsten-bronzes  were  prepared  by  0.  Brunner,  L.  A.  Hallopeau, 
G.  von  Knorre,  A.  Laurent,  E.  Schaefer,  and  E.  Zettnow.  The  K2W4012  bronze 
furnishes  reddish-violet  prisms  of  sp.  gr.  7-1.  A suspension  appears  blue  by  trans- 
mitted and  green  by  reflected  light.  G.  von  Knorre  and  E.  Schaefer  were  of  the 
opinion  that  this  is  the  only  potassium- tungsten-bronze  known,  but  others  have 
been  reported — e.g.  0.  Brunner  obtained  reddish-violet  K2W309  ; a blue  mixture 
KV^O^+^WsOjs  ; and  blue  mixtures  of  the  ultimate  composition  K2W5015, 
K2w6018,  and  K2W8024. 

Alkali-alkaline  earth-tungsten-bronzes  were  prepared  by  E.  Engels  by  the 
electrolysis  of  fused  mixtures  of  potassium  or  sodium  tungstate  with  the  calculated 
amount  of  alkaline  earth  carbonate.  He  reported  the  following  products  : 
CaW4012.5Na2W5015,  in  blue  pyramids ; CaW4012.10Na2W309,  in  purple-red 
cubes  or  pyramids  ; CaW4012.5K2W4012,  in  glistening  red  needles ; SrW4012. 
5Na2W5015,  in  violet  pyramids  ; SrW4012.12Na2W5015,  in  carmine-red  pyramids  ; 
SrW4012.5K2W40:12,  in  red  needles  : 2BaW4012.3Na2W6015,  in  dark  blue  crystals  ; 
BaW4012.5Na2W309,  in  yellowish-red  cubes  ; and  Ba4012.5K2W4012l  in  violet-red 
prisms. 
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Thorium-tungsten-bronzes. — C.  J.  Sraithells  inferred  that  the  coloured  thona 
residues  from  dissolved  thoriated  tungsten  filaments,  which  have  been  heated  to  a 
high  temp.,  contain  thorium-tungsten-bronzes. 
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§ 10.  Tungsten  Trioxide 

B.  Silliman  1 observed  the  occurrence  of  a bright  yellow,  or  yellowish-green, 
pulverulent  earthy  mineral  which  he  called  tungstic  ochre  at  Monroe,  Connecticut  ; 
it  was  called  oxide  of  tungsten  by  W.  Phillips  ; acide  tungstique,  by  F.  S.  Beudant ; 
Wolframocker,  by  C.  C.  von  Leonhard ; Wolframsiiure,  by  F.  von  Kobell ; 
Scheelsaure,  and  Scheelocher,  by  E.  F.  Glocker ; wolframine,  by  R.  P.  Greg  and 
W.  G.  Lettsom  ; and  tungstite,  by  J.  D.  Dana.  Its  composition  approximates 
tungsten  trioxide,  W03.  R.  P.  Greg  and  W.  G.  Lettsom,  and  J.  H.  Collins  found 
tungsten  ochre  in  Callington  and  Gwennap,  Cornwall ; and  in  Carrock  Fells, 
Cumberland.  J.  H.  Collins  called  the  ochre  wolframite,  and  wolframite  he  called 
wolfram.  F.  S.  Beudant  referred  to  an  occurrence  as  a yellow  deposit  on  wolframite 
at  Zinnwald,  Bohemia,  but  J.  J.  Berzelius  found  no  tungsten  in  the  deposit,  and 
V.  R.  von  Zepharovich  does  not  mention  it.  A.  Lacroix  observed  its  occurrence 
at  La  Vilate,  Haupte-Vienne ; and  Vaubry,  Pury-les-Vignes  ; and  at  Meymac, 
Correze ; while  P.  A.  Dufrenoy  found  it  near  Limoges.  In  addition  to  the  occur- 
rence at  Monroe,  Connecticut,  J.  D.  Dana  obtained  the  ochre  from  Cabarrus, 
Carolina  ; and  F.  D.  Smith,  from  Osceola,  Nevada.  W.  F.  Petterd  observed  its 
occurrence  at  Ben  Lomond,  Tasmania.  J.  B.  Scrivenor  and  J.  C.  Shenton  observed 
a honey-yellow,  crystalline  mineral  in  the  Kramat  Pulai  mine  in  the  Federated 
Malay  States.  The  crystals  were  rhombic  ; the  sp.  gr.  5-55  ; and  the  composition 
approximated  (Th02,Ce203,Zr02)H20+2W03.H20,  and  the  mineral  was  called 
thorotungstite. 

The  extraction  of  tungsten  trioxide  or  tungstates  from  wolframite,  scheelite, 
hubnerite,  etc.,  has  been  previously  discussed  ; so  also  has  the  purification  of  the 
tungsten  trioxide.  The  trioxide  is  formed  by  the  oxidation  of  the  metal ; I.  Lang- 
muir 2 observed  that  tungsten  wires  heated  in  oxygen  at  a low  press,  form  the 
trioxide  at  about  530°,  and  above  this  temp,  the  oxide  volatilizes.  The  trioxide  is 
also  obtained  by  roasting  the  lower  oxides,  or  the  oxynitrogen  compounds,  the 
hydrated  tungsten  oxides,  ammonium  tungstate,  ammonium  oxyfluotungstates, 
or  tungsten  sulphide.  As  previously  indicated,  hydrated  tungsten  trioxide  is 
precipitated  by  adding  an  acid  to  a soln.  of  a tungstate.  J.  A.  M.  van  Liempt 
studied  the  influence  of  temp,  and  the  cone,  of  the  acid  on  precipitated  tungsten 
trioxide.  The  precipitate  consists  of  a mixture  of  the  white  and  the  yellow  forms 
of  the  trioxide,  together  with  an  adsorption  compound  with  water.  Temp,  has 
little  effect  on  the  precipitation,  but  in  order  to  obtain  the  precipitate  in  a granular 
and  easily  manipulated  form,  it  is  advisable  to  use  an  excess  of  highly  cone.,  hydro- 
chloric or  nitric  acid.  The  rate  of  precipitation  depends  on  the  method  of  mixing 
the  soln.  When  the  sodium  tungstate  soln.  is  added  drop  by  drop  to  the  acid,  the 
rate  of  precipitation  depends  on  the  degree  of  ionization  of  the  acid.  Thus, 
0-25A”-nitric,  perchloric,  and  hydrochloric  acids  showed  very  nearly  identical 
precipitation  curves,  whilst  025iV-sulphuric  acid  showed  a much  more  extended 
period  of  induction,  before  precipitation  started.  This  last  curve,  however,  was 
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very  similar  to  that  given  by  0-18iV-hydrochloric  acid,  the  dissociation  of  which  is 
about  equal  to  that  of  0-25iV-sulphuric  acid.  When  the  acid  was  added  to  the 
tungstate  soln.,  the  slower  the  addition  of  the  acid  (up  to  the  limit  of  twelve 
minutes)  the  slower  was  the  subsequent  precipitation  of  the  tungstic  acid. 
Y.  Nakazawa  and  T.  Okada  prepared  tungstic  acid  (i)  by  evaporating  a soln.  of  the 
trioxide  in  cone,  hydrochloric  acid  and  obtained  crystals  of  W03.H20  ; (ii)  by  pass- 
ing steam  into  the  soln.  of  the  trioxide  in  cone,  hydrochloric  acid  and  obtained 
crystals  of  W03.H20  ; and  (iii)  by  diluting  the  cone,  hydrochloric  acid  at  ordinary 
temp,  and  obtained  a white  acid,  W03.7H20,  difficult  to  filter.  According  to 
F.  A.  Bernoulli,  and  A.  Safarik,  the  lemon-yellow,  amorphous  tungsten  trioxide 
obtained  by  these  methods  can  be  converted  into  the  crystalline  form  by  strongly 
heating  the  product ; according  to  A.  E.  Nordenskjold,  by  fusing  the  hydrated 
trioxide  with  borax  and  washing  the  cold  mass  with  hydrochloric  acid,  and  aq. 
ammonia  ; and,  according  to  H.  Debray,  by  passing  a current  of  hydrogen  chloride 
over  the  trioxide,  or  over  a red-hot  mixture  of  sodium  tungstate  and  carbonate. 

E.  Zettnow,  and  J.  Waddell  noticed  the  formation  of  some  crystals  when  the 
trioxide  is  heated  in  hydrogen.  A.  Pinagel  found  a sample  of  commercial  tungsten 
trioxide  with  1-35  per  cent,  silica,  0-13  per  cent,  molybdenum  trioxide,  and  traces 
of  vanadium,  iron,  manganese,  and  sodium. 

For  a-  and  /3-forms  of  tungsten  trioxide,  vide  supra,  the  oxidation  of  tungsten. 
The  crystals  obtained  by  A.  E.  Nordenskjold  were  small,  bright  yellow, 
transparent,  rhombic  prisms  with  the  axial  ratios  a : b : c=0-7002  : 1 : 0-3991,  or 
0-6966  : 1 : 0-4026  ; and  those  obtained  by  H.  Debray  were  octahedral — some  were 
yellow  and  translucent,  others  dark  green  and  opaque.  P.  Niggli  studied  the 
electronic  structure.  The  crystals  are  sometimes  thin,  dark  blue  or  green  needles. 
H.  C.  Burger  added  that  the  X-radiograms  of  both  the  yellow  and  green  forms 
are  the  same.  H.  E.  Roscoe  attributed  the  discoloration  to  the  presence  of  small 
traces  of  sodium  salts  ; this  was  confirmed  by  N.  H.  Smith  and  H.  S.  Lukens. 
J.  A.  M.  van  Liempt  attributed  it  to  the  reducing  action  of  the  dust  particles 
in  the  air,  a reaction  which  is  favoured  by  exposure  to  light.  L.  Gmelin  attributed 
the  green  coloration  to  the  presence  of  reducing  gases  during  the  ignition  of  the 
oxide.  N.  H.  Smith  and  H.  S.  Lukens  showed  that  these  hypotheses  are  not 
likely  because,  as  shown  by  J.  B.  A.  Dumas,  and  F.  A.  Bernoulli,  the  green  oxide 
cannot  be  converted  into  the  yellow  oxide  by  ignition  in  a current  of  oxygen  or 
nitrous  oxides.  J.  J.  and  F.  d"e  Elhuyar  gave  6-13  for  the  specific  gravity  of  the 
amorphous,  yellow  oxide  ; W.  Herapath  gave  5-274  at  16-5°  ; A.  E.  Nordenskjold, 
6-302  to  6-384  ; and  C.  J.  B.  Karsten,  7-1306  ; while  E.  Zettnow  gave  7-16  at  17° 
for  the  amorphous  oxide,  and  7-232  at  17°  for  the  crystals.  E.  F.  Smith  and 

F.  F.  Exner  gave  7-157  for  the  sp.  gr.  of  the  trioxide  obtained  by  heating  the 
hydrate  to  bright  redness.  H.  P.  Walmsley  gave  7-146  for  the  sp.  gr.  of  the  dispersed 
oxide.  The  sp.  gr.  of  tungsten  ochre  is  6-3  to  7-2. 

The  mol.  vols.  were  studied  by  H.  Schroder,  C.  del  Fresno,  W.  Biltz,  and 

D.  Balareff.  O.  Ruff  and  A.  Riebeth  discussed  the  plasticity  of  mixtures  of  the  oxide 
with  water,  etc.  H.  V.  Regnault  gave  0-0798  for  the  specific  heat,  and  H.  Kopp, 
0-0894.  According  to  A.  S.  Russell,  the  sp.  ht.  between  — 189°  and  — 80-9°  is 
0-0442  ; between  —75-8°  and  0°,  0-0678  ; and  between  2-3°  and  46-6°,  0-0783  ; the 
corresponding  molecular  heats  are  10-25, 15-73,  and  18-16.  F.  M.  Jager  and  E.  Rosen- 
bohin  gave  C/)=0-0503755+0-13644  X 10-30-0-0490476  X Kr602  for  the  sp.  ht.  up 
to  1300°  of  the  crystalline,  yellowish-green  oxide  formed  by  heating  tungsten  to 
1300°.  J.  Maydal  discussed  the  sp.  ht.  When  heated,  the  colour  of  tungsten 
trioxide  deepens  to  a dark  orange,  but  on  cooling,  the  lemon-yellow  colour  is  restored. 

E.  D.  Clark  found  that  the  yellow  oxide  is  decomposed  in  the  oxy-hydrogen  flame — 
presumably  by  hot  reducing  gases.  A.  Riche  said  that  the  trioxide  can  be  fused  in 
the  gas  blowpipe  flame,  and  the  mass,  on  cooling,  furnishes  tabular  crystals. 
W.  D.  Bancroft  and  H.  B.  Wciser  found  that  when  tungsten  trioxide  is  introduced 
into  the  oxyhydrogen  flame,  the  flame  deposits  a bright,  lustrous,  metallic  mirror 
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on  a cold  surface.  F.  M.  Jager  and  H.  C.  Germs  gave  1473°  for  the  melting  point ; 
but  C.  Matignon  said  that  it  does  not  melt  at  2130°.  A.  A.  Read  observed  no  change 
in  the  composition  of  the  oxide  after  it  had  been  heated  to  1750°.  W.  R.  Mott 
studied  the  volatilization  of  the  oxide  in  the  electric  arc  ; and  I.  Langmuir  found  that 
in  an  atm.  of  oxygen  under  reduced  press.,  the  trioxide  formed  on  the  surface  of  wire 
volatilizes  above  530°,  and  the  heated  wire  at  about  930°.  H.  Copaux  found  that 
at  a moderate  red:heat  tungsten  trioxide  is  stable,  but  volatilization  occurs  at  a 
bright  red-heat  so  much  so  that  500  mgrms.  lost  3 mgrms.  in  5 min.  G.  A.  Meerson 
also  found  that  the  trioxide  volatilizes  in  moist  hydrogen  above  850°.  L.  Wohler 
and  R.  Gunther  calculated  for  the  dissociation  pressure,  pi  atm.,  for  the  reaction 
W03— >W203,  log  Pi— — 287502T~1+ 10-53,  and  for  the  heat  of  the  reaction, 
131-4  Cals.  If  p2  likewise  denotes  the  dissociation  press,  of  W205— >W02  (q.v.), 
and  p3,  that  of  W02— >W  (q.v.),  then, 
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F.  Born  discussed  this  subject.  H.  Alterthum  and  F.  Koref  also  calculated  values 
for  the  dissociation  press.  ; and  they  found  the  heat  of  vaporization  to  be  40-64 
Cals,  at  1700°  K.  For  the  equilibrium  condition  in  the  reaction  2 W205+02=4W03 
+56-7  Cals.,  Ar3=[W206]2[02]/[W03]2  when  the  bracketed  symbols  denote  partial 
press.,  log  A'3=-56700T-1/4-57 — 1-75  log  T~3.  S.  M.  Delepine  and  L.  A.  Hal- 
lopeau  gave  for  the  heat  of  formation  (W,30)=195-41  Cals,  at  constant  vol.,  and 
196-3  Cals,  at  constant  press. ; J.  E.  Moose  and  S.  W.  Parr,  194-9  Cals.  ; Z.  Shibata, 
199-9  Cals. ; W.  G.  Mixter,  196-3  Cals. ; and  L.  Weiss,  192-648  to  196-146  at  con- 
stant vol.  S.  M.  Delepine  and  L.  A.  Hallopeau  gave  (W02,0) =64-63  Cals,  at 
constant  vol.,  and  64-9  Cals,  at  constant  press.  A.  Berkenheim  discussed  the  heat 
of  formation.  J.  J.  and  F.  de  Elhuyar,  and  H.  E.  Roscoe  said  that  tungsten  trioxide 
turns  green  when  exposed  to  direct  sunlight,  probably,  added  L.  Gmelin,  because 
the  organic  particles  and  dust  diffused  in  air  may  exert  a reducing  action,  so  that 
a small  portion  of  the  blue  oxide  becomes  mixed  with  the  yellow  trioxide. 
A.  F.  Wasileeff  found  that  tungstic  acid  in  the  presence  of  certain  reducing  agents 
— e.g.  cellulose — is  reduced  by  exposure  to  light.  A.  Riche  observed  that  if  the 
purified  trioxide  be  confined  under  purified  water  for  14  days  while  exposed  to  direct 
sunlight,  no  green  coloration  appears.  J.  A.  M.  van  Liempt  also  said  that  light 
discolours  yellow  tungsten  trioxide  ; but  N.  H.  Smith  and  H.  S.  Lukens  added  that 
any  change  in  colour  is  only  slight,  and  is  superficial.  H.  M.  P.  Brinton  and 
A.  N.  Lohmann  added  that  the  effect  of  sodium  salts  is  negligibly  small ; the  colour 
is  probably'  due  to  traces  of  impurities  like  dust.  If  the  ignited  trioxide  be  pro- 
tected from  dust,  the  light  of  the  mercury  vapour  lamp  has  no  action,  but  if  it  be 
exposed  to  the  atm.,  a green  colour  is  developed,  and  similarly  if  the  trioxide  was 
treated  with  redistilled  ammonia  before  the  ignition.  The  effect  of  daylight  is 
negligible  in  comparison  with  ultra-violet.  A.  Karl  said  that  the  crystals  exhibit 
triboluminescence ; J.  Ewles,  cathodo-luminescence ; but  no  ultra-violet 
fluorescence  in  X-rays  was  observed  by  J.  O.  Perrine.  E.  Wrede  used  tungsten 
trioxide  as  a target  indicator  to  determine  magnetic  separation  in  a stream  of 
unimolecular  hydrogen.  C.  J.  Smithells  and  H.  P.  Rooksby’s  X-ray  diffraction 
pattern  is  shown  in  Fig.  14.  P.  Krishnamurti,  and  H.  Nisi  studied  the  Raman 
effect  ; and  J.  S.  Donal,  the  emission  of  electrons.  J.  Vrede  observed  that  the 
oxide  is  of  no  use  as  a radio-detector. 

F.  Beijerinck  stated  that  tungstite  shows  no  evidence  of  electrical  conductivity. 
E.  Friederich  gave  1-8  X 109  ohm  per  sq.  mm.  for  the  resistance.  W.  Meyer  examined 
the  electrical  conductivity  of  compressed  rods  of  the  powdered  trioxide,  and  for  a 
rod  0-2x0-18  cm.  section,  and  0-37  cm.  long,  he  gave  at  room  temp.  : 


Volts  . 0-033  0-100  0-200  0-300  0-400  0-666 


1000 


756 


INORGANIC  AND  THEORETICAL  CHEMISTRY 


The  electrolysis  of  fused  tungstates,  and  of  soln.  of  tungsten  trioxide  in  various 
solvents  has  been  discussed  in  connection  with  the  electrodeposition  of  tungsten. 
L.  Andrieux  electrolyzed  a soln.  of  the  oxide  in  fused  boric  acid.  0.  Collenburg  and 
J.  Backer  found  that  at  a platinum  cathode,  soln.  of  alkali  tungstates  in  cone, 
hydrochloric  acid  (containing  the  oxychloride  W02C12)  are  reduced  quantitatively  to 
derivatives  of  quinquevalent  tungsten,  whereas  reduction  proceeds  further  at  a 
mercury,  lead,  or  tin  cathode.  Above  16°,  sodium  tungstate  gives  quantitative 
yields  of  tervalent  tungsten  derivatives  at  the  base  metal  cathode,  but  below  16°, 
reduction  is  not  so  complete  ; potassium  tungstate  is  completely  reduced  only  at 
a lead  cathode.  During  reduction,  the  colour  of  the  soln.  changes  first  to  blue  when 
the  tungsten  is  in  the  quinquevalent  form,  and  this  colour  slowly  fades  on  further 
reduction,  yielding  eventually  a yellowish-green  or  red  soln.  of  tervalent  tungsten. 
The  yellowish-green  soln.  is  always  obtained  above  35°  ; it  contains  compounds  of 
the  type  R'3W2Cl9.  The  red  soln.  is  obtained  at  16°  and  contains  compounds  of  the 
type  R'2(WC15.H20)  which  are  unstable,  changing  on  keeping  or  warming  to  com- 
pounds of  the  first-named  type.  According  to  0.  Collenburg  and  K.  Wilson, 
electrolysis  of  soln.  containing  11-2  grms.  of  potassium  tungstate  and  16  grins,  of 
oxalic  acid  in  100  c.c.  at  a current  density  of  0-01-0-03  amp.  per  sq.  dm.  and  a 
temp,  of  not  less  than  70°  with  lead  or  tin  cathodes  leads  to  a complete  reduction 
of  tungsten  to  the  quinquevalent  stage  and  no  further.  The  method  is  well  adapted 
to  the  preparation  of  quinquevalent  tungsten  compounds.  K.  Fischbeck  and 

E.  Einecke  found  that  when  used  as  anode  in  the  electrolysis  of  2 per  cent,  sulphuric 
acid,  tungsten  trioxide  is  reduced  to  the  blue  oxide.  A.  M.  Ileeff  studied  the 
thermoelectric  force  of  powdered  tungsten  trioxide.  E.  Wedekind  and  C.  Horst 
found  the  magnetic  susceptibility  to  be  0-808  x 10-6  mass  units  at  15° ; S.  Berkman 
and  H.  Zocher  gave  0-20  xl0~6  mass  units.  S.  Freed  and  C.  Kesper  studied  the 
subject. 

G.  C.  Gmelin  3 discussed  the  physiological  action  of  salts  of  tungstic  acid. 
Tungsten  trioxide  is  more  stable  and  less  readily  reduced  than  the  corresponding 
trioxide  of  molybdenum  or  chromium.  It  is  an  acid  anhydride  forming  tungstic 
acid  with  water.  The  acid  and  its  anhydride  were  shown  by  O.  W.  Gibbs,  and 
J.  C.  G.  de  Marignac  to  have  a tendency  to  form  complexes  with  phosphoric,  silicic, 
boric,  and  other  acids  ; and  by  C.  Friedheim,  to  have  a tendency  to  form  condensa- 
tion products.  In  illustration,  the  oxides  of  phosphorus,  arsenic,  antimony,  and 
bismuth  unite  with  tungsten  to  form  complex  salts  ; aluminium,  manganese,  iron, 
chromium,  nickel,  cobalt,  praseodymium,  neodymium,  lanthanum,  and  cerium 
also  form  a series  of  tungstates.  T.  G.  y Arnal  discussed  the  reactions  of  tungstates 
with  various  salts. 

J.  J.  Berzelius  4 observed  that  hydrogen  reduces  heated  tungsten  trioxide  in 
stages,  forming  first  a blue  oxide,  then  a brown  oxide,  and  then  the  metal.  The 
observations  of  G.  Chaudron  and  of  L.  Wohler  and  W.  Prager,  L.  Wohler  and 
O.  Balz,  L.  Wohler  arid  R.  Gunther,  W.  Reinders  and  A.  W.  Vervloet,  and 
H.  Altherthum  and  F.  Koref,  on  this  reaction  have  been  discussed  in  con- 
nection with  the  blue  oxide,  and  with  the  metal.  E.  W.  Engle  said  that  reduction 
commences  at  620°  and  is  rapid  at  950°.  C.  W.  Davis  said  that  the  mixture  of 
brown  oxides  is  obtained  at  .800°-900°,  and  at  1080°,  the  metal  itself  is  formed. 
The  reaction  was  studied  by  Z.  Shibata.  J.  N.  Pearce  and  M.  J.  Rice  studied  the 
adsorption  of  water  vapour  by  the  oxide.  C.  Reichard  observed  that  nascent 
hydrogen,  from  zinc  and  dil.  hydrochloric  or  sulphuric  acid  with  tungsten  trioxide 
in  suspension,  gives  a pale  blue  coloration  which  gradually  becomes  darker. 

F.  Wohler  said  that  the  reduction  under  these  conditions,  proceeds  to  the  blue  or 
violet  oxide,  and  finally  to  copper-red  tungsten  dioxide  ; and  O.  F.  van  der  Pfordten 
also  gave  the. dioxide  as  the  end-stage  of  the  reduction  by  zinc  and  acid.  E.  T.  Allen 
and  V.  H.  Gottschalk  found  that  the  reduction  does  not  occur  with  aluminium  in 
alkaline  soln.  J.  J.  and  F.  de  Elhuyar  found  that  the  oxide  is  insoluble  in  water  ; 
and  A.  Riche,  that  it  can  be  exposed  to  direct  sunlight  while  under  water  without 
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; losing  its  colour.  If  rubbed  to  a fine  powder  with  water,  part  of  it  passes  through 
filter-paper  as  a turbid  liquid — vide  infra,  colloidal  tungsten  trioxide.  Tungsten 
trioxide  is  tasteless,  and  if  it  has  been  ignited,  it  does  not  redden  blue  litmus.  The 
hydrates  are  discussed  below.  T.  Fairley  found  that  tungsten  trioxide  is  converted 
into  a higher  oxide  by  hydrogen  dioxide.  B.  Kellner  said  that  the  freshly-precipi- 
tated trioxide  is  easily  soluble  in  hydrogen  dioxide,  but  when  dried  it  is  only  partially 
soluble  ; and  after  ignition,  it  is  insoluble — vide  infra,  pertungstic  acid.  A.  Lotter- 
moser  said  that  hydrogen  dioxide  is  catalytically  decomposed  in  the  presence  of 
• tungstic  acid  in  accord  with  the  equation  dxjdt—hx{a—x).  This  is  due  to  the  rapid 
formation  of  tungsten  trioxide  hydroperoxide,  W03.H202.  The  photochemical 
! decomposition  of  the  dioxide  and  dextrose  with  tungstic  acid  as  a catalyst  was 
studied  by  J.  C.  Ghosh  and  J.  Mukherjee. 

According  to  A.  Riche,  when  the  trioxide  is  heated  with  chlorine,  a yellow 
j dioxydichloride  is  formed ; but  an  analogous  reaction  with  bromine,  or  with  iodine 
does  not  occur.  R.  Wasmuht  studied  the  reaction  with  chlorine  and  the  heated 
trioxide.  K.  Fredenhagen  and  G.  Cadenbach  said  that  the  trioxide  is  not  dissolved 
i or  changed  by  liquid  hydrogen  fluoride.  A.  Michael  and  A.  Murphy  found  that  a 
soln.  of  chlorine  in  carbon  tetrachloride  attacks  the  trioxide  at  240°,  forming  W0C14, 
and  at  280°,  WC16.  0.  Ruff  and  H.  Krug  found  that  the  trioxide  is  attacked  with 
| incandescence  by  chlorine  trifluoride.  H.  Copaux  found  that  some  tungsten  is  lost 
| by  volatilization  when  the  trioxide  is  heated  in  hydrogen  chloride  at  500°,  and 
| V.  I.  Spitzin  and  L,  Kaschtanoff  said  that  the  dioxychloride  commences  to  form  at 
300°.  J.  J.  Berzelius  observed  that  tungsten  trioxide  which  has  been  ignited  is 
sparingly  soluble  in  hydrofluoric  acid  ; and  A.  Riche  found  that  it  dissolves  in  cone, 
hydrofluoric  acid  at  50°  to  60°,  forming  an  oxyfluoride.  W.  K.  van  Haagen  and 
E.  F.  Smith  said  that  hydrofluoric  acid  has  scarcely  any  action  on  the  trioxide. 
The  ignited  trioxide  is  insoluble  in  hydrochloric  acid.  A.  Pinagel  found  that  no 
tungsten  is  lost  by  volatilization  when  the  trioxide  is  heated  with  a mixture  of  hydro- 
fluoric and  hydrochloric  acids.  E.  T.  Allen  and  V.  H.  Gottschalk  found  that  the 
trioxide  is  reduced  when  it  is  heated  with  fuming  hydriodic  acid  in  a sealed  tube 
at  200°.  According  to  H.  O.  Schulze,  almost  all  chlorides  are  decomposed  when 
heated  with  tungsten  trioxide  in  the  presence  of  oxygen,  tungstates  are  formed,  and 
chlorine  is  evolved.  If  heated  with  calcium  chloride  in  the  absence  of  air,  the 
reaction  is  symbolized  : CaCl2 +2  W03 = Ca W G4 + W 02C12.  The  chlorides  of 
magnesium,  iron,  cobalt,  and  nickel  behave  similarly,  but  not  the  alkali  chlorides. 
The  chlorides  of  lead  and  silver  are  decomposed.  L.  and  H.  H.  Kahlenberg  found 
that  tungsten  trioxide  and  tungstic  acid  are  soluble  in  fused  alkali  chlorides  ; 
100  grms.  of  fused  sodium  chloride  will  dissolve  21-3  grms.  of  the  trioxide  ; some 
chlorine  is  evolved  during  the  reaction,  and  when  the  mass  is  cooled,  most  of  it 
dissolves  in  water,  but  a little  white  powder  remains  undissolved.  The  reaction 
is  symbolized : 2W03-f2NaCl=Na20.W205-f Cl2.  If  the  hydrated  trioxide  be 
employed,  100  grms.  of  fused  sodium  chloride  dissolve  95-7  grms.  H2W04  with  the 
evolution  of  hydrogen  chloride,  forming  Na20.4W03,  or  Na20.5W03.  Tungsten 
trioxide  is  also  dissolved  by  other  fused  alkali  halides.  H.  O.  Schulze  found  that 
potassium  iodide  is  decomposed  by  tungsten  trioxide ; and  if  an  excess  of  the 
trioxide  be  employed,  in  air,  all  the  iodine  is  expelled  and  a tungstate  is  formed. 
According  to  W.  R.  E.  Hodgkinson  and  F.  K.  S.  Lowndes,  if  a little  tungsten 
trioxide  be  placed  on  molten  potassium  chlorate,  oxygen  mixed  with  so  much  chlorine 
is  evolved  that  the  gas  is  yellow.  G.  J.  Fowler  and  J.  Grant  added  that  the  trioxide 
lowers  the  temp,  of  decomposition  of  the  chlorate,  the  oxygen  is  accompanied  by 
chlorine,  and  some  potassium  tungstate  is  formed.  G.  Bredig  discussed  tungsten 
trioxide  as  a catalytic  agent. 

J.  J.  and  F.  de  Elhuyar  found  that  when  a mixture  of  tungsten  trioxide  and 
sulphur  is  heated,  the  blue  oxide  is  formed,  or,  according  to  A.  Riche,  tungsten 
sulphide,  and  if  alkalies  are  present,  an  alkali  sulphotungstate  is  produced. 
J.  J.  Berzelius  said  that  the  conversion  of  the  heated  trioxide  by  sulphur  vapour 
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into  sulphide  is  incomplete  ; hydrogen  sulphide  also  converts  the  heated  trioxide 
into  sulphide ; and,  according  to  A.  Riche,  carbon  disulphide  also  forms  the  sulphide. 
J.  J.  Berzelius  found  that  the  sulphide  is  formed  when  the  trioxide  is  heated  with 
mercuric  sulphide.  According  to  E.  F.  Smith  and  H.  Fleck,  tungsten  trioxide, 
wolframite,  or  scheelite,  forms  a red  soln.  of  the  oxytetrachloride  when  treated  with 
sulphur  monochloride.  The  trioxide  obtained  by  heating  ammonium  tungstate, 
or  the  trioxide  which  has  been  heated  for  some  time  in  the  air,  is  not  completely 
acted  on  by  sulphur  chloride,  whereas  the  trioxide  obtained  by  heating  the  oxy- 
chloride is  practically  all  dissolved  by  it.  This  difference  is  not  due  to  the  presence 
of  a nitride  or  oxynitride.  R.  D.  Hall  found  that  the  vapour  of  sulphur  monochloride 
passed  over  the  heated  trioxide  forms  the  volatile  oxychloride  ; and  F.  Bourion, 
that  a mixture  of  chlorine  with  sulphur  chloride  transforms  the  trioxide  at  230°-250° 
completely  into  a mixture  of  tungsten  oxytetrachloride  and  dioxydichloride,  but  not 
into  the  hexachloride.  G.  Darzens  and  F.  Bourion  found  that  thionyl  chloride 
attacks  tungsten  trioxide  at  150°,  forming  the  oxytetrachloride,  and  as  the  temp, 
rises  the  proportion  of  the  accompanying  dioxydichloride  increases — the  hexachloride 
is  not  formed.  P.  Berthier  found  that  sulphurous  acid  has  no  action,  and  E.  T.  Allen 
and  V.  H.  Gottschalk  found  that  it  is  not  reduced  by  sulphurous  acid  in  a sealed 
tube  at  200°.  E.  D.  Desi  observed  that  tungsten  trioxide  is  not  dissolved  even  by 
cold  or  boiling  dil.  or  cone,  sulphuric  acid,  under  conditions  where  molybdenum 
trioxide  is  rapidly  dissolved.  P.  Berthier  observed  that  when  the  trioxide  is  melted 
with  potassium  hydrosulphate,  and  the  cold  product  is  leached  with  water,  the 
undecomposed  hydrosulphate  is  first  removed,  and  normal  potassium  tungstate 
then  passes  into  soln.  F.  J.  Faktor  observed  that  when  the  trioxide  is  triturated 
with  anhydrous  sodium  thiosulphate,  the  mixture  becomes  greenish-yellow,  and 
when  heated,  tungsten  disulphide  is  formed.  0.  Brunck  found  that  in  acid  soln., 
the  trioxide  is  reduced  by  sodium  hyposulphite. 

According  to  A.  Riche,  aq.  ammonia,  especially  in  cone,  soln.,  dissolves  tungsten 
trioxide  forming  a tungstate.  A.  Rosenheim  and  F.  Jacobsohn  found  that  liquid 
ammonia  does  not  dissolve  a perceptible  amount  of  the  trioxide  either  at  ordinary 
temp,  or  at  108°-109°.  According  to  F.  Wohler,  ammonia  converts  tungsten 
trioxide  at  a dull  red-heat  into  a complex  oxynitride,  and  at  a higher  temp.,  into  the 
metal.  C.  H.  Ehrenfeld  also  observed  that  complex  oxynitrides  are  formed  by  the 
action  of  ammonia.  E.  D.  Desi  also  found  that  ammonium  chloride  mixed  with 
tungsten  trioxide,  and  strongly  heated  out  of  contact  with  air,  forms  the  metal,  but 
at  a lower  temp,  a complex  oxynitride  is  formed.  E.  T.  Allen  and  V.  H.  Gottschalk 
observed  that  hydroxy lamine  in  alkaline  soln.  does  not  reduce  tungsten  trioxide ; 
and  T.  Curtius  and  F.  Schrader,  that  hydrazine  hydrate  forms  an  indigo-blue  mass 
with  the  evolution  of  very  little  oxygen.  P.  Sabatier  and  J\  B.  Senderens  found 
that  the  trioxide  at  500°  is  not  attacked  by  nitric  oxide  ; and  J.  J.  Berzelius,  that 
the  trioxide  is  insoluble  in  nitric  acid,  and  in  aqua  regia.  C.  H.  Ehrenfeld  observed 
that  the  tri oxide  is  reduced  to  the  blue  oxide  by  phosphine  at  125°-150°. 
A.  Michaelis  found  that  phosphorus  trichloride  at  200°  colours  the  trioxide  super- 
ficially green,  but  no  other  change  was  observed  ; N.  Teclu,  C.  F.  Gerhardt,  H.  Schiff 
and  A.  Piutti,  J.  Persoz,  and  C.  H.  Ehrenfeld  observed  that  phosphorus  penta- 
chloride  furnishes  tungsten  hexachloride  and  some  complex  products.  J.  Persoz  and 
N.  Bloch  obtained  tungsten  trioxyphosphopentachloride,  W03.PC13 — vide  phosphorus 
pentachloride,  8.  50,  32.  C.  H.  Ehrenfeld  said  that  arsine  acts  like  phosphine  but 
more  sluggishly.  L.  Gugliamelli  studied  the  complexes  of  tungstic  acid  with 
arsenic  acid ; and  A.  Wolff,  the  complexes  with  arsenious,  antimonious, 
and  phosphorous  acids. 

H.  N.  Warren  found  that  the  trioxide  is  easily  reduced  by  silicon,  but  L.  Kahlen- 
berg  and  W.  J.  Trautmann  were  unable  to  confirm  this — any  reduction  is  very  local. 
The  reduction  of  tungsten  trioxide  to  the  metal  by  heating  it  with  carbon  was 
observed  by  J.  J.  and  F.  de  Elhuyar,  A.  Riche,  C.  F.  Bucholz,  E.  G.  A.  Street,  etc. 
and  has  been  discussed  in  connection  with  the  metal.  H.  Moissan  said  that  a carbide 
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is  formed.  C.  Matignon  noted  the  formation  of  a carbide  at  about  2000°. 
H.  N.  Warren  found  that  calcium  carbide  reduces  the  trioxide  to  the  metal.  As  in 
the  case  of  hydrogen,  W.  Frankel  found  that  the  reduction  of  tungsten  trioxide  by 
carbon  monoxide  takes  place  in  stages  : 2W03+C0=C02+W205,  has  an  equili- 
brium constant  A’=[C02]/[C0]  has  between  17-2  and  21-1  between  750°  and  1050°  ; 
and  for  the  stage  W205+C0^2W02+C02  at  800°,  K=b-08 ; the  last  stage 
W02+2C0^W+2C02  could  not  be  measured  because  of  the  formation  of  carbide. 
Z.  Shibata  also  studied  the  reaction  ; he  found  that  log  Kp=\bbb-bT~l— 1-1427  for 
the  reaction  2W03+C0=W205-j-C02 ; log  ffp=1029-8T_1— 0-7884  for  the 
reaction  W205-f-C0=2W02+C02  ; and  log  /fp=321-62,~1  — 0-0647  for  |W02-)-CO 
= iW+C02.  According  to  C.  H.  Ehrenfeld,  methane  does  not  reduce  the  trioxide 
heated  by  a bunsen  burner,  but  at  a higher  temp,  the  dioxide  is  formed  ; no  reduction 
occurred  with  ethane,  but  at  a red-heat,  ethylene  furnishes  the  blue  oxide  ; and 
acetylene,  the  blue  and  brown  oxides.  E.  D.  Desi  also  observed  the  formation  of 
the  blue  oxide  with  ethylene,  and  he  found  that  with  cyanogen,  a complex  oxynitride 
is  formed ; and  that  fused  potassium . cyanide  forms  a complex  oxynitride,  and 
at  a very  high  temp.,  silver-white  globules  of  tungsten.  F.  Gobel  found  that 
carbon  monoxide  reduces  the  heated  trioxide  to  the  blue  oxide.  P.  Camboulives 
observed  that  when  the  trioxide  is  heated  to  560°  in  the  vapour  of  carbon 
tetrachloride,  an  oxychloride  is  formed,  and  A.  Michael  and  A.  Murphy  said  that 
no  reaction  occurs  at  240°,  but  at  280°,  the  hexachloride  is  produced — in  the  presence 
of  chlorine,  the  oxychloride  is  formed  at  240°,  and  the  hexachloride  at  280°. 
P.  Sabatier  and  A.  Mailhe,  and  J.  N.  Pearce  and  A.  M.  Alvarado  studied  the  catalytic 
action  of  the  trioxide  on  alcohol  vapour  whereby  the  alcohol  is  reduced  to  ethylene. 
J.  N.  Pearce  and  M.  J.  Rice  studied  the  adsorption  of  the  vapour  of  ethyl  alcohol, 
ethyl  acetate,  and  of  acetic  acid  at  99-4°  ; and  S.  Ghosh  and  A.  K.  Bhattacharya, 
the  photochemical  reduction  of  tungstic  acid  by  ethyl  alcohol  ; and  J.  C.  Ghosh 
and  S.  K.  Nandy,  of  formaldehyde.  J.  C.  Ghosh  and  J.  Mukherjee,  and  E.  T.  Allen 
and  Y.  H.  Gottschalk  found  that  the  trioxide  is  not  reduced  by  alcohol  or  oxalic 
acid  with  hot  cone,  hydrochloric  acid;  nor  is  it  reduced  by  grape-sugar.  The 
trioxide  is  reduced  to  the  blue  oxide  by  boiling  acetic  acid  and  other  organic  com- 
pounds. L.  Fernandes  studied  the  compounds  formed  with  gallic  acid  ; R.  F.  Wein- 
land  and  co-workers,  the  action  of  the  phenols,  and  phenolic  acids  ; A.  V.  Dumansky 
and  S.  I.  Dyachkovsky  studied  the  action  of  tartaric  acid.  According  to  A.  C.  Neish, 
w-nitrobenzoic  acid  does  not  give  a precipitate  with  soln.  of  ammonium  tungstate  ; 
according  to  G.  von  Knorre,  benzidine  hydrochloride  precipitates  the  tungsten 
quantitatively  from  cold  soln.  of  the  tungstates  ; and,  according  to  M.  Tschilikin, 
a-naphthylamine  gives  a quantitative  precipitation.  E.  F.  Smith  studied  the  action 
of  organic  bases. 

J.  L.  Gay  Lussac  and  L.  J.  Thenard  found  that  potassium  or  sodium  when 
heated  reduces  tungsten  trioxide  vigorously  with  une  lumiere  vive.  E.  D.  Desi  also 
reduced  the  trioxide  with  sodium  ; and  with  magnesium  he  obtained  an  alloy  of 
tungsten.  The  reducing  action  of  these  and  other  metals  has  been  discussed  in 
connection  with  the  preparation  of  tungsten  (q.v.).  O.  Freih  found  that  zinc 
reduces  tungstic  acid  to  the  dioxide.  K.  Someya  reduced  tungsten  trioxide 
to  the  quadrivalent  stage  by  bismuth  amalgam,  and  to  the  tervalent  stage  by 
lead,  cadmium,  and  zinc  amalgams.  For  the  action  of  various  basic  oxides, 
vide  infra,  the  tungstates.  A.  Riche  found  that  cone.  soln.  of  the  alkali  hydroxides 
or  carbonates  readily  dissolve  the  trioxide,  forming  soln.  of  the  tungstates ; similarly 
also  with  the  fused  alkalies.  E.  J.  Mills  and  D.  Wilson  measured  what  they  called 
the  chemical  effect  of  tungsten  trioxide  when  it  is  fused  with  potassium  carbonate. 
This  was  expressed  in  terms  of  the  units,  a,  of  carbon  dioxide  evolved  per  unit  of 
the  trioxide  acting  for  an  hour  at  750°.  They  found  for  tungsten  trioxide, 
a=0-99597  ; for  silicon  dioxide,  a=0-83 ; and  for  titanic  oxide,  a=0-71917,  showing 
that  the  action  of  titanic  oxide  is  more  sluggish  than  silica,  and  silica  is  more  sluggish 
than  tungsten  trioxide.  The  blue  colour  obtained  by  the  action  of  warm  stannous 
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chloride  on  tungsten  trioxide  has  been  previously  described.  K.  Someya  described 
the  reduction  of  tungstic  acid  or  its  salts  with  the  amalgams  of  calcium,  zinc,  and 
lead. 
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§ 11.  The  Hydrates  of  Tungsten  Trioxide — The  Tungstic  Acids 


According  to  E.  Zettnow,1  and  C.  D.  Braun,  when  sodium  tungstate  is  treated 
with  hot  sulphuric  acid,  the  hydrated  tungstic  acid  which  separates  contains, 

after  drying  at  a low  temp.,  variable  quantities 
of  water.  Thus,  when  dried  at  50°,  it  has  3-68 
per  cent,  of  water— or  2W03.H20  ; at  120°  to 
130°,  2-46  per  cent. — or  3W03.H20  ; and  at  200°, 
1-74  per  cent. — or  4W03.H20.  The  dihydrate 
dried  at  100°  to  110°  was  found  by  C.  D.  Braun 
to  correspond  with  the  hemihydrate,  2W03.H20 ; 
and  it  has  been  called  pyrotungstic  acid,  H2W207, 
but  there  is  no  evidence  to  show  that  this  com- 
position is  other  than  an  arbitrarily  selected  stage 
in  the  continuation  desiccation  of  an  indefinite 
hydrate,  W03.nH20 — vide  infra.  Fig.  23. 

A.  Laurent,  A.  Riche,  and  V.  Forcher  decom- 
posed an  aq.  soln.  of  a tungstate  or  metatung- 
state with  an  excess  of  hot  acid,  and  dried  the 
product  in  air,  or,  according  to  C.  D.  Braun,  over  cone,  sulphuric  acid.  The  yellow 
hydrate  was  considered  to  be  the  monohydrate,  W03.H20,  tungstic  acid.  It  was 
also  obtained  by  decomposing  wolframite  with  aqua  regia ; and  C.  D.  Braun 
obtained  it  by  drying  the  dihydrate  over  cone,  sulphuric  acid  until  its  weight  was 
constant.  A.  Laurent  added  that  the  yellow  hydrate  is  stable  at  200°  ; and 
L.  Pissarjewskv,  that  its  heat  of  neutralization  is  13-698  Cals,  per  mol.  The  effects 
produced  by  acids  of  different  concentration,  etc.,  are  discussed  in  connection  with 
the  extraction  of  tungsten.  G.  F.  Hiittig  and  B.  Kurre  recommended  the  following 
method  for  preparing  the  yellow  tungstic  acid  : 


Fig.  23. — Dehydration  Curves  of 
the  White  and  Yellow  Hydrates 
of  Tungsten  Trioxide. 


Add  20  grms.  of  purified  calcium  tungstate  to  a boiling  mixture  of  60  c.c.  of  water, 
40  c.c.  of  cone,  hydrochloric  acid,  and  40  c.c.  of  cone,  nitric  acid  ; wash  the  yellow  precipi- 
tate by  decantation  8 times  with  water  feebly  acidulated  with  hydrochloric  acid  ; dissolve 
the  precipitate  in  50  c.c.  of  cone.  aq.  ammonia  ; and  filter.  Pour  the  boiling  filtrate  into 
a mixture  of  60  c.c.  of  water,  50  c.c.  of  nitric  acid,  and  10  c.c.  of  hydrochloric  acid  ; wash 
the  yellow  tungstic  acid  many  times  by  decantation  with  water  ; filter  through  Zsigmondy’s 
filter  ; and  stir  up  the  product  with  water.  After  the  mixture  has  stood  for  about  14  days, 
passing  now  and  again  an  electric  current  through  the  liquid — using  platinum  electrodes 
—the  tungstic  acid  will  have  settled  as  an  emulsion.  The  excess  of  water  is  syphoned 
off,  the  emulsion  is  concentrated  on  a water-bath.  The  product  is  then  dried  over  solid 
sodium  hydroxide.  The  composition  approximates  W03.1T3H20. 


J.  Eltzbacher  used  a similar  process.  A.  Pinagel  transformed  sodium  tungstate 
into  barium  tungstate,  by  adding  barium  chloride  to  a soln.  of  the  sodium  salt,  and 
flocculating  the  precipitate  with  ammonium  nitrate.  The  product  was  then 
decomposed  by  hot  aqua  regia,  and  the  yellow  hydrate  washed  with  hot  water. 
A.  Riche  said  that  if  a soln.  of  the  hydrated  trioxide  in  cone,  hydrofluoric  acid  at 
50°  or  60°,  be  evaporated  in  air,  the  oxyfluoride  which  first  separates  is  decomposed 
forming  crystals  of  yellow  tungstic  acid.  A.  M.  Morely  examined  the  products 
obtained  by  different  modes  of  preparation,  and  found  that  the  X-radiograms 
indicate  the  existence  of  the  monohydrate,  W03.H20,  or  H2W04,  and  the  dihydrale, 
W03.2H20,  or  H2W04.H20.  The  other  products  are  either  condensed  compounds 
or  impure  substances  either  non-crystalline  or  imperfectly  crystalline.  G.  Jan  der 
and  T.  Aden  observed  the  change  in  the  visible  and  ultra-violet  absorption  spectra 
with  aggregation  in  alkaline  and  acid  soln.  The  yellow  hydrate  dissolves  in  water, 
for  R.  C.  Wells  found  the  sp.  conductivity  of  the  aq.  soln.  to  be  10-3  xlO-6  at  25°; 
he  observed  very  little  change  when  the  soln.  were  left  to  stand  for  a long  time, 
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1 hence  it  is  inferred  that  no  large  quantity  of  a polymerized  acid  is  formed  under  these 
conditions.  J.  W.  Mallet  gave  for  the  solubility  in  38  per  cent,  hydrochloric  acid, 
0-36  and  0-75  grm.  W03  per  100  grms.  of  soln.  respectively  at  50°  and  80°  ; and 
R.  F.  Bernhardi-Grisson,  for  the  solubility  in  40  per  cent,  hydrochloric  acid,  44-75 
and  53-7  grms.  per  100  grms.  of  soln.  respectively  at  25°  and  50°.  The  yellow 
hydrate  is  readily  soluble  in  alkali-lye. 

According  to  A.  Riche,  J.  J.  and  F.  de  Elhuyar,  and  J.  J.  Berzelius,  if  a soln. 
of  a tungstate  be  treated  with  cold  dil.  acid,  some  soluble  or  metatungstic  acid  passes 
into  soln.,  and  there  is  formed  a white  luminous  precipitate  which  tastes  at  first 
sweet  and  afterwards  bitter ; reddens  litmus ; and  dissolves  in  water  especially 
when  hot,  but  scarcely  at  all  in  water  containing  acid.  The  white  product  forms 
yellow  tungstic  acid  when  it  is  boiled  with  sulphuric,  hydrochloric,  or  nitric  acid. 
When  ignited  in  closed  vessels  it  forms  a blue  oxide,  and  in  open  vessels,  yellow 
tungsten  trioxide.  E.  F.  Anthon  said  that  the  white  precipitate  is  amorphous, 
but,  according  to  A.  Riche,  it  becomes  crystalline  after  two  or  three  washings. 
The  white  product  is  very  liable  to  pass  through  the  filter-paper  when  it  is  washed. 
C.  W.  Scheele  regarded  the  precipitate  as  pure  tungstic  acid,  but  J.  J.  Berzelius 
showed  that  it  is  always  contaminated  with  some  of  the  acid  used  as  the  precipitant ; 
and  J.  J.  and  F.  de  Elhuyar,  and  J.  C.  G.  de  Marignac,  with  some  of  the  alkali  with 
which  the  tungstic  acid  was  previously  combined.  The  analyses  of  A.  Riche, 
E.-F.  Anthon,  C.  D.  Braun,  and  V.  Forcher,  show  that  the  product  is  a dihydrate, 
W03.2H20.  G.  F.  Hiittig  and  B.  Kurre  obtained  white  tungstic  acid  by  the  following 
procedure  : 

Ten  grams  of  calcium  tungstate  are  treated  with  acid  as  indicated  above  in  connection 
with  the  yellow  acid,  and  the  product  mixed  with  enough  cone.  aq.  ammonia  to  dissolve 
nearly  all  the  precipitate.  The  filtered  soln.  is  cooled  by  ice,  and  70  c.c.  of  cone,  hydro- 
chloric acid  added  drop  by  drop.  The  tungstic  acid  is  filtered  off,  and  again  dissolved  in 
cone.  aq.  ammonia.  It  is  cooled  and  treated  with  hydrochloric  acid  as  before,  but  with 
the  exclusion  of  light.  The  mixture  is  filtered,  and  the  precipitate  washed  six  times  with 
25  c.c.  of  water.  The  white  tungstic  acid  so  formed  still  retains  traces  of  ammonia  and 
hydrochloric  acid  ; and  it  has  a tendency  gradually  to  pass  into  the  yellow  variety.  The 
analysis  of  a sample  so  prepared  contained  W03,  13-6  per  cent.  ; H20,  86-05  ; NH4C1,  0-2  ; 
free  HC1,  0-15  per  cent.  It  showed  no  yellow  tinge  after  being  kept  14  days. 

The  white  hydrate  was  also  obtained  by  A.  Riche,  H.  E.  Roscoe,  and  V.  Forcher 
by  the  action  of  moist  air  on  tungsten  hexachloride,  pentachloride,  oxytetrachloride, 
or  dioxydichloride.  E.  F.  Anthon,  and  V.  Forcher  also  said  that  the  white  dihydrate 
is  formed  when  the  anhydrous  trioxide  is  rubbed  up  with  water  and  filtered — the 
dihydrate  passes  through  the  filter-paper  forming  a turbid  filtrate. 

According  to  G.  F.  Hiittig  and  B.  Kurre,  the  white  acid  is  to  be  regarded  as 
hydrated  tungsten  trioxide  because  the  composition-temp,  curve,  Fig.  23,  shows  that 
the  adsorbed  water  is  gradually  lost  as  the  temp,  is  raised,  and  the  curve  shows  no 
signs  of  a break  corresponding  with  the  formation  of  a definite  hydrate.  The 
decomposition  press.,  p mm.,  the  decomposition  temp.,  6°,  and  the  number  n mols. 
of  water  per  mol.  of  W03  were  found  to  be  : 


p 

. 10-4 

16-6 

13-7 

15-5 

12-0 

14-6 

12-0 

7-6 

11-5 

6 

. 16° 

21° 

20° 

36° 

85° 

129° 

180° 

305° 

>500° 

n 

. 60-61 

44-90 

16-0 

2-44 

0-95 

0-64 

0-39 

0-24 

0 

The  case  is  different  with  the  yellow  hydrate  for  it  shows  a definite  break,  Fig.  23, 
corresponding  with  the  formation  of  a monohydrate,  W03.H20,  or  tungstic  acid, 
H2W04.  The  following  is  a selection  from  the  observed  values  of  p,  9,  and  n 


P 

. 20-5 

12-2 

8-9 

12 

8-8 

9-8 

8-7 

8-9 

7-6 

6 

. 16° 

17° 

13° 

20° 

22° 

94° 

120° 

218-5 

278 

n 

. 12-62 

6-61 

2-52 

1-35 

1-21 

1-05 

1-00 

0-07 

0-04 

At  temp,  above  188°  and  below  76°,  the  white  hydrate  is  the  more  stable,  whereas 
between  76°  and  188°,  the  yellow  variety  is  the  more  stable.  The  subject  was 
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investigated  by  J.  A.  M.  van  Liempt.  G.  F.  Hiittig  found  that  yellow  tungstic  acid, 
W03.H20,  has  an  X-radiogram  showing  that  the  chemically  combined  water  mole- 
cules occupy  fixed  positions  in  the  crystal-lattice ; with  zeolites,  on  the  contrary, 
the  greater  portion  of  the  watei  is  free  to  move  in  the  crystal  lattice.  H.  C.  Burger 
found  that  the  X-radiogram  of  tungsten  trioxide  is  different  from  that  of  the 
monohydrate  which  has  a definite  and  characteristic  crystalline  form,  and  it  is  on 
this  account  to  be  regarded  as  a definite  compound.  A definite  compound  was 
also  indicated  in  the  case  of  the  dihydrate.  Hence,  if  W(OH)6  be  orthotungstic  acid, 
H6W06 ; WO(OH)4,  is  paratungstic  acid,  H4W04,  or  W03.2H20  ; and  W02(0H)2, 
metatungstic  acid,  H2W04,  or  W03.H20.  This  is  in  accord  with  the  nomenclature 
in  use  for  iodic  and  many  other  acids,  but  in  the  case  of  tungsten  the  terms 
metatungstic  acid,  and  paratungstic  acid  have  been  employed  with  a different  con- 
notation— vide  infra — namely,  for  the  parent  paratungstic  acid  of  the  salt  with  the 
formula  3Na20.7W03.21H20,  or  the  alternative  5Na20.12W03.28H20  ; and  of  the 
parent  metatungstic  acid,  of  the  salt  Na20.4W03.nH20.  For  the  so-called  isotungstic 
acid,  vide  supra,  the  history  of  tungsten.  M.  E.  Clievreul,  and  J.  J.  and  F.  de 
Elhuyar  said  that  tungstic  acid  possesses  a real  acidity,  for  it  reddens  blue  litmus. 
According  to  H.  T.  S.  Britton,  and  H.  T.  S.  Britton  and  W.  L.  German,  when  100  c.c. 
of  a 0-0678iV-NaOH,  and  00250M-W03  are  titrated  with  0-1020N-HC1,  the  electro- 
metric curve  is  that  shown  in  Fig.  24.  A sharp  diminution  in  hydrogen-ion  con- 
centration occurred  when  the  amount 
of  hydrochloric  acid  necessary  to  react 
with  the  alkali  in  excess  of  that  re- 
quired to  form  the  normal  sodium 
tungstate  (Na2W04)  was  added.  This 
explains  the  successful  use  of  phenol- 
phthalein  as  an  indicator  for  the  titra- 
tion of  the  oxide — observed  by  0. 
Hertig,  A.  Lottermoser  and  co-workers, 
D.  Mojert,  D.  D.  Peirce  and  L.  F. 
Yntema,  A.  Rosenheim  and  A.  Wolff, 
G.  Jander  and  W.  Heukeshoven,  S.  L. 
Dyachkovsky,  M.  L.  Holt  and  L. 
Kahlenberg,  F.  Hundeshagen,  and  S.  C. 
Lind  and  B.  C.  Trueblood.  Sodium  para- 
tungstate  with  either  2-33  or  2-4  mols 
of  Na20  per  mol  of  W03,  respectively  in 
accord  with  the  3 : 7-formula  or  the  5 : 12-formula,  corresponds  with  a H'-ion  cone, 
of  pu— 6-0  respectively,  and  in  agreement  with  H.  Schmidt’s  observation  that  a soln. 
of  the  2-4  salt  is  acidic  to  rosolic  acid,  and  alkaline  to  cochineal.  The  metatungstate, 
Na2W4013,  is  formed  when  the  H'-ion  cone,  is  10-4.  The  inflexion  in  the  hydrogen- 
ion  concentration  curve  indicates  that  tungstic  acid  is  not  an  ordinary  dibasic  acid 
• — vide  infra,  sodium  tungstate.  W.  Jander  and  A.  Winkel  found  that  the  normal 
tungstate  exists  in  soln.  when  the  [H']-concentration  is  between  10— 14  and  10-6'5  ; 
and  the  paratungstate  when  the  [H' ^concentration  is  between  10“6'5  and  10~1-5. 
Meta-  and  para-tungstates  are  assumed  to  contain  tungstic  acid  either  in  a poly- 
merized form  or  in  a semi-colloidal  form.  G.  Jander  also  studied  the  tungstates 
from  this  point  of  view.  W.  V.  Bhagwat  and  N.  R.  Dhar  studied  the  ionization 
constants ; and  S.  Kato,  the  absorption  spectra  in  the  ultra-red,  and  the  visible 
spectrum.  L.  Pissarjewsky  found  the  heat  of  neutralization  of  tungstic  acid, 
H2W04,  in  0-5N-NaOH,  to  be  13-698  Cals. 

A.  Carnot  2 observed  a hydrated  form  of  tungsten  trioxide  associated  with  the  scheelite 
of  Meymac,  Correze,  France,  and  he  accordingly  called  it  meymacite.  It  is  a yellow  or 
greenish- yellow,  friable  earth  sometimes  having  the  general  form  of  scheelite.  Its  com- 
position approximates  W03.2H20.  G.  C.  Hoffmann  also  reported  a pale  yellow  ochre 
associated  with  the  scheelite  of  Marlow,  Quebec,  Canada. 


Fig.  24. — Electrometric  Titration  of  Tungstic 
Acid. 
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According  to  T.  Graham,3  when  dil.  hydrochloric  acid  is  added  to  a soln.  of 
sodium  tungstate  until  the  liquid  becomes  slightly  acid,  a colloidal  solution  of 
tungstic  acid  is  formed.  A.  P.  Sabaneeff  added  that  if  the  proportion  of  tungstate 
and  acid  is  2Na2W04  : 3HC1,  and  the  mixture  is  dialyzed,  the  colloid  is  really  sodium 
tungstate,  Na20.4W03.  T.  Graham  said  that  the  colloid  is  tungstic  acid  from  which 
all  the  sodium  cannot  be  removed  by  dialysis.  W.  Biltz  and  A.  von  Vegesack  said 
that  the  soln.  remaining  in  the  dialyzer  contains  2Na20.11W03,  but  considered  that 
some  colloidal  tungstic  acid  is  present.  N.  Pappada  added  that  when  moderately 
cone,  hydrochloric  acid  is  added  drop  by  drop  to  a 5 per  cent.  soln.  of  sodium 
tungstate,  a white  gelatinous  precipitate  is  formed  when  the  liquids  meet,  but  it 
quickly  goes  into  soln.,  forming  an  acid  liquor.  The  soln.  contains  colloidal  tungstic 
acid,  and  he  regards  A.  P.  Sabaneeff’s  hypothesis,  that  it  is  Na20.4W03,  as  incorrect. 
According  to  A.  Lottermoser,  hydrochloric  acid  gives  a voluminous,  gelatinous, 
white  precipitate  with  cone.  soln.  of  sodium  tungstate  ; more  dil.  soln.  remain  clear 
at  first,  and  afterwards  slowly  deposit  the  white  precipitate  in  a more  voluminous 
form.  If  the  precipitate  formed  from  the  very  dil.  soln.  is  repeatedly  decanted  with 
distilled  water,  a clear  hydrosol  may  be  obtained,  which,  however,  is  unstable,  as 
it  gradually  becomes  cloudy,  and  changes  to  a hydrosol  which  is  yellow  in  reflected 
light.  When  more  cone.  soln.  are  used,  the  voluminous,  white  precipitate  gradually 
decreases  in  bulk,  at  the  same  time  turning  yellow  ; finally,  the  same  yellow  hydrosol 
is  obtained  as  previously.  If  this  yellow  hydrosol  is  shaken,  a silky  lustre  is  notice- 
able in  reflected  light,  although  it  appears  clear  in  transmitted  light ; it  is  a sus- 
pension of  relatively  large  particles,  and  gradually  clears  on  keeping.  L.  Wohler 
and  W.  Engels  found  that  colloidal  tungstic  acid  mixed  with  gelatin  in  the  presence 
of  ammonium  chloride  gives  a flocculent  precipitate  which  is  peptized  by  an  excess 
of  ammonium  chloride.  W.  A.  Patrick  mixed  3 to  8 per  cent.  soln.  of  a soluble  salt, 
with  vigorous  stirring,  with  such  a quantity  of  acid  that  the  H'-ion  cone,  of  the 
mixture  is  0-1  to  0-5  mol  per  litre.  The  mixture  is  allowed  to  stand  quietly  for 
2 to  5 hrs.,  until  the  soln.  sets  to  a firm  hydrogel.  This  is  broken  up,  washed  to 
remove  salts  and  excess  acid,  and  dried  in  a current  of  air  at  75°  to  120°,  or  heated 
to  300°-400°  if  a hard  gel  is  desired.  N.  Pappada  recommended  preparing  the 
colloid  by  the  following  process  : 

Hydrochloric  acid  is  added  to  a cone.  soln.  of  sodium  tungstate  until  the  liquid  has  an 
acidic  reaction.  The  white,  gelatinous  precipitate  is  washed  several  times  by  decantation 
at  a low  temp.,  0°  to  5°,  while  protecting  the  precipitate  from  currents  of  air  which  produce 
a change  in  the  colloid.  15  parts  of  the  tungstic  acid  are  then  dissolved  by  gently  warming 
with  a cone.  soln.  of  one  part  of  oxalic  acid  and  the  liquid  dialyzed.  If  the  outer  water  is 
frequently  changed,  the  oxalic  acid  is  completely  removed,  leaving  a colloidal  soln.  of 
tungstic  acid  which  may  be  concentrated  in  vacuo  over  sulphuric  acid  at  ordinary  temp, 
until  it  contains  as  much  as  1-25  per  cent.  WO,. 

L.  Moser  and  J.  Ehrlich  added  hydrochloric  acid  of  sp.  gr.  1-19,  drop  by  drop, 
to  a soln.  containing  32-89  grms.  of  normal  sodium  tungstate  per  litre.  The  precipi- 
tate at  first  formed  was  redissolved  on  continuing  the  addition  of  acid.  The  resulting 
soln.  is  colloidal,  and  can  be  coagulated  by  boiling.  If  nitric  acid  be  used  in  place 
of  hydrochloric  acid,  the  precipitate  does  not  redissolve  with  either  cold  or  hot  soln. 
The  washed  tungstic  acid  precipitated  by  hydrochloric  acid,  however,  is  partly 
soluble  in  hot  nitric  acid,  while  washed  tungstic  acid  precipitated  by  nitric  acid  is 
no  longer  so  easily  soluble  in  hydrochloric  acid.  Sulphuric  acid  stands  between 
hydrochloric  and  nitric  acid  in  that  the  precipitate  at  first  formed  with  this  acid  is 
partly  redissolved  on  adding  more  acid.  Consequently,  although  the  tungstic 
acid  precipitated  by  all  the  mineral  acids  is  chemically  the  same,  its  physical  con- 
dition depends  on  the  nature  of  the  acid.  When  the  hydrochloric  acid  is  added 
to  the  boiling  soln.  of  sodium  tungstate,  at  first  a white  precipitate  forms  which 
turns  yellow,  and  passes  into  soln.  with  the  exception  of  a few  white  particles 
which  remain  at  the  bottom  of  the  vessel.  If  increasing  amounts  of  acetic  acid  are 
added  to  the  sodium  tungstate  soln.,  before  adding  the  hydrochloric  acid,  the  initial 
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precipitation  does  not  take  place  until  greater  amounts  of  hydrochloric  acid  are 
added,  and  this  precipitate  redissolves  more  quickly  on  adding  more  hydrochloric 
acid.  However,  the  addition  of  5 c.c.  acetic  acid  to  2 c.c.  of  sodium  tungstate  soln. 
gives  a precipitate  which  is  not  soluble  in  hydrochloric  acid.  If  tungstic  acid  is 
precipitated  from  sodium  tungstate  soln.  by  hydrochloric  acid  and  allowed  to  stand, 
the  precipitate,  at  first  white,  becomes  yellow  and  insoluble  on  adding  more  hydro- 
chloric acid.  If  acetic  acid  is  added,  then  hydrochloric  acid,  and  the  soln.  heated, 
the  precipitate  again  dissolves.  The  tungstic  acid  in  all  cases  is  positively  charged. 
E.  B.  Miller  and  G.  C.  Connolly,  and  W.  A.  Patrick  and  E.  H.  Barclay  prepared 
. tungstic  acid  gels. 

A.  Muller  prepared  a colloidal  soln.  by  dissolving  5 grms.  of  tungsten  tetra- 
chloride in  50  c.c.  of  a mixture  of  equal  vols.  of  ethyl  alcohol  and  ether,  and  the 
filtered  soln.  is  then  diluted  to  250  c.c.  with  ethyl  alcohol.  If  this  soln.  is  mixed 
with  an  equal  vol.  of  water,  a colloidal  soln.  of  tungstic  acid  is  obtained,  which  can 
be  kept  for  some  days  without  any  appreciable  opalescence  being  observed.  With 
larger  quantities  of  water,  coagulation  takes  place  much  more  quickly.  On  adding 
small  quantities  of  neutral  salts  or  of  hydroxides,  coagulation  occurs  immediately  ; 
strong  acids  produce  a similar  effect  after  some  minutes,  but  weak  organic  acids 
appear  to  exert  no  influence  on  the  stability  of  the  colloidal  soln.  A rise  of  temp, 
is  also  without  influence,  but  coagulation  takes  place  if  the  vol.  is  reduced  to  about  a 
fourth  of  the  original  by  evaporation.  When  an  electric  current  is  passed  through 
the  colloidal  soln.,  a deep  blue  precipitate  is  formed  at  the  cathode.  This  is  attri- 
buted to  reduction  of  the  positively  charged  colloidal  particles  by  the  discharged 
hydrogen.  The  behaviour  of  the  colloidal  soln.  towards  electrolytes  is  consistent 
with  the  supposition  that  the  tungstic  acid  is  a positive  colloid,  and  the  spontaneous 
coagulation  of  the  soln.  is  probably  due  to  the  presence  of  chlorine  ions  in  the  soln. 
According  to  M.  Kroger  the  electrolysis  of  a 2 per  cent.  soln.  of  sodium  tungstate 
between  a mercury  cathode  and  a silver  anode  produces  the  hydrosol  of  tungstic 
acid.  The  removal  of  alkali  may  be  hastened  by  the  cautious  addition  from  time 
to  time  of  a little  hydrochloric  acid,  but  in  no  circumstances  may  the  neutral 
point  be  passed.  Should  the  soln.  become  acid,  blue  tungsten  compounds  are 
produced.  The  tungsten  hydroxide  hydrosols  are  clear  and  transparent,  but  possess 
a deep  brown  colour,  which  in  dil.  soln.  is  yellowish-brown.  They  are  coagulated 
by  potassium  chloride  to  form  a black  powder  which  resembles  the  lower  oxides 
of  tungsten.  The  coagulation  of  the  colloid  was  studied  by  S.  Ghosh  and  N.  R.  Dhar, 
A.  Kargin,  W.  V.  Bhagwat  and  N.  R.  Dhar,  S.  I.  Diatschowsky,  and  K.  Jacobsohn. 

J.  Duclaux  said  that  colloidal  soln.  can  be  cone,  by  filtering  out  the  solvent 
under  press,  through  collodion.  An  increasing  press,  will  remove  more  and  more 
solvent,  until  a limit  is  attained  where  the  colloid  solidifies.  This  limiting  press, 
is  termed  the  “ maximum  osmotic  pressure  ” of  the  colloid,  and  the  limiting  cone, 
the  “ solubility  ” of  the  colloid.  In  this  sense,  colloidal  tungstic  acid  may  be  said 
to  have  a 60  per  cent,  solubility.  N.  Pappada  prepared  a soln.  with  1-25  per  cent, 
of  W03,  and  it  did  not  freeze  at  0°.  D.  Klein  said  that  when  dried  at  200°,  the 
colloid  has  the  composition  3W03.H20.  According  to  A.  P.  Sabaneeff,  when 
colloidal  tungstic  acid  is  dried  at  200°,  it  contains  about  2-57  per  cent,  of  H20  and 
corresponds  with  H2W3O10 — mol.  wt.  714  ; the  mol.  wt.  calculated  from  the 
observed  f.p.  of  the  soln.  is  between  677  and  995.  G.  E.  Linebarger  measured  the 
osmotic  press,  of  soln.  containing  0-02467  grm.  and  0-0100  grm.  of  tungstic  acid 
per  c.c.,  and  the  values  calculated  for  the  mol.  wt.  of  the  colloidal  tungstic  acid 
averaged  1700,  or  nearly  seven  times  250,  the  number  corresponding  with- the 
simple  molecule  H2W04.  The  colloid  mol.  would  therefore  consist  of  seven 
simple  mol.  in  the  case  of  tungstic  acid,  and  this  is  in  keeping  with  the  ordinary 
assumption  that  the  mols.  of  colloids  are  very  large.  W.  Biltz  and  A.  von  Vegesack 
made  some  observations  on  the  osmotic  press.  A.  Y.  Dumansky  and  co-workers 
discussed  the  formation  of  complexes  as  an  intermediate  stage  in  the  formation  of  col- 
loidal tungstic  acid — vide  colloidal  molybdic  acid.  A.  V.  Dumansky  and  A.  P.  Buntin 
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said  that  the  electrical  properties  of  the  soln.  indicate  that  the  reaction  takes  place 
in  stages  : Na2W04+2HCl=H2W0t+2NaCl  and  H2W04-{-Na2W04=Na20.2W03 
+H20.  This  process  is  repeated,  until  a colloidal  particle  of  the  composition 
Na20.wW03,  or  H2[W04.wW03],  is  obtained.  Numerous  complexes  of  tungstic 
acid  are  known  which  confirm  this  view.  They  also  measured  the  viscosity  of 
tungstic  acid  sols.  The  hydrosol  of  tungstic  acid,  said  T.  Graham,  has  a bitter, 
astringent  taste,  and  at  19°,  the  sp.  gr.  of  a soln.  with  5 per  cent.  W03  is  1-0475  ; 
with  10  per  cent..  1-2168  ; 50  per  cent.,  1-6011  ; 66-5  per  cent.,  2-396  ; and  79-8 
per  cent.,  3-243.  C.  E.  Fawsitt  found  that  the  viscosity  of  the  soln.  is  a linear 
function  of  the  concentration  : soln.  with  2-8  and  4-4  per  cent,  of  tungstic  acid  had 
viscosities  1-028  and  1-044  (water  unity)  respectively  at  25°.  N.  R.  Dhar  and 
co-workers  also  measured  the  viscosity  of  the  sol.  S.  Ghosh  and  N.  R.  Dhar 
measured  the  viscosity  of  the  colloidal  sol.  ; H.  Pallman,  and  A.  J.  Rabinowitsch 
and  V.  A.  Kargin,  the  H'-ion  concentration  of  the  hydrosol ; and  W.  Ricdal,  the 
change  in  the  electric  conductivity  with  the  age  of  the  hydrosol. 

According  to  A.  F.  Wasiliewa-Sinzowa,  when  a colloidal  soln.  of  tungstic  acid  in 
the  presence  of  an  organic  reducing  agent — -e.g.  dextrose,  sucrose,  dextrin,  cellulose, 
or  formaldehyde — is  exposed  to  sunlight,  it  becomes  blue.  The  soln.  gradually 
loses  this  property  at  a speed  which  corresponds  with  a reaction  of  the  first  order. 
The  reverse  change  occurs  when  the  soln.  is  heated.  It  is  assumed  that  colloidal 
tungstic  acid  exists  in  two  modifications  ; the  variety  sensitive  to  the  action  of  light 
is  assumed  to  be  converted  into  the  other  by  the  absorption  of  water  ; or  the  com- 
pound which  is  sensitive  to  light  may  be  tungsten  trioxide  which  on  adsorbing  a 
mol.  of  sodium  tungstate  forms  the  colloid  which  is  not  sensitive  to  light.  According 
to  A.  F.  Wasiliewa-Sinzova,  when  05N-Na2W04.2H20  is  allowed  to  stand  for  t min. 
with  an  equal  vol.  of  xN-HCl,  and  then  mixed  with  2 vols.  of  0-52V-glucose,  exposed 
for  5 min.  to  an  arc-lamp,  and  the  blue  reduction  product  titrated  with  potassium 
permanganate,  the  latter  result  can  be  regarded  as  a measure  of  the  sensitivity  of 
the  tungstic  acid  to  light.  The  relation  between  the  light  sensitivity  of  the  tungstic 
acid  and  the  concentration,  x,  corresponded  with  the  formula  for  a monomolecular 
reaction  in  which  the  constant  k — using  ordinary  logarithms — decreased  from  0-006 
with  x=0-43  to  0-0003  with  x=0-50,  and  became  constant  when  x=0-54.  The 
light  sensitivity  increases  with  x up  to  0-47,  then  decreases — perhaps  because  the 
number  of  mols.  of  tungstic  acid  sensitive  to  light  increases — and  is  then  followed 
by  a coagulating  action  of  the  acid.  The  decrease  in  the  velocity  constant  with 
increasing  values  of  x is  attributed  to  the  simultaneous  decrease  in  the  cone,  of  the 
W04"-ions  which  exert  a catalytic  effect.  The  cone,  of  this  ion  becomes  zero  when 
for  every  eq.  of  sodium  tungstate  an  eq.  of  acid  is  present.  The  phenomena  do  not 
depend  on  the  Cl'-ions  of  the  acid  because  similar  results  are  obtained  with  sulphuric 
acid.  L.  Wohler  and  W.  Engels  showed  that  the  precipitation  which  occurs  when 
soln.  of  molybdates  are  acidified  is  due  to  the  presence  of  tungstates.  The  readiness 
with  which  precipitation  takes  place  is  dependent  on  the  proportion  of  tungstic 
acid  present,  and  when  this  is  present  in  very  small  amount,  the  temp,  may  be 
raised  to  nearly  100°  before  a precipitate  is  obtained.  The  precipitation  is  primarily 
due  to  the  tungstic  acid  in  the  soln.,  and  when  this  separates  out,  molybdic  acid  is 
simultaneously  removed  from  the  soln.  S.  Glixelli  studied  the  electroosmosis  or 
cataphoresis.  T.  Graham  found  that  the  gelatilization  of  silicic  acid  is  retarded 
by  the  presence  of  colloidal  tungstic  acid  ; M.  Kroger  measured  the  time  required 
for  the  complete  gelatinization  of  silicic  acid  with  different  cone,  of  tungstic  acid 
and  found  that  the  time-conc.  curve  passes  first  through  a minimum  with  the 
addition  of  tungstic  acid  soln.',  it  then  passes  through  a maximum,  and  finally  falls 
continuously  with  increasing  proportions  of  tungstic  acid.  E.  Wedekind  and 
H.  Fischer  said  that  hydrated  tungstic  acid  does  not  adsorb  prussian  blue.  The 
stability  of  the  colloid  was  studied  by  S.  I.  Diatschowsky.  The  adsorption  of  water, 
ethyl  alcohol,  ethylacetate,  and  acetic  acid  vapours  was  studied  by  J.  N.  Pearce 
and  M,  J,  Rice. 
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E.  Margueritte  4 obtained  the  ammonium  salt  of  an  acid  which  A.  Laurent 
called  metatungstic  acid  ; the  former  represented  it  by  (NH4)20.3W03.5H20,  and 
the  latter  by  5(NH4)20.18W03.31H20.  W.  Lotz  showed  that  the  ratio  of  base 
to  acid,  R20  : W03  is  more  nearly  1 : 4,  and  this  is  in  accord  with  the  observations 
of  A.  Riche,  W.  Lotz,  R.  Scheibler,  and  J.  C.  G.  de  Marignac  on  these  salts.  The 
corresponding  acid  was  obtained  by  A.  Laurent  by  treating  a soln.  of  the  ammonium 
salt  with  hydrochloroplatinio  acid,  filtering  off  the  ammonium  chloroplatinate, 
and  evaporating  the  filtrate  for  crystallization.  The  colourless  crystals  of  the 
metatungstic  acid,  H20.4W03.9H20,  are  readily  soluble  in  water  and  alcohol. 
C.  Scheibler  treated  the  barium  salt  with  the  calculated  amount  of  dil.  sulphuric 
acid,  and  evaporated  the  filtrate  over  sulphuric  acid  in  vacuo.  A similar  process 
was  employed  by  E.  Pechard,  and  M.  Soboleff.  V.  Forcher  treated  the  lead  salt 
with  hydrogen  sulphide,  expelled  the  excess  of  that  gas  by  a current  of  carbon 
dioxide,  concentrated  the  soln.  on  a water-bath,  and  finished  the  evaporation  for 
crystallization  over  sulphuric  acid,  in  vacuo.  J.  Lefort  treated  a cone.  soln.  of 
sodium  ditungstate  with  arsenic  acid  and  warmed  the  mixture.  A.  Rosenheim 
and  F.  Kohn  obtained  metatungstic  acid  by  treating  a cone.  aq.  soln.  of  ammonium 
metatungstate  with  ether  and  cone,  hydrochloric  or  sulphuric  acid.  Three  layers 
of  liquid  are  formed ; the  lower  layer  contains  free  metatungstic  acid,  together 
with  ether  and  the  mineral  acids.  The  required  acid  is  obtained  by  evaporating 
this  layer  ip  air.  The  soluble  tungstic  acid  described  by  J.  Persoz  was  probably 
metatungstic  acid. 

Analyses  by  M.  Soboleff,  etc.  agree  with  the  formula  H2W4013.8H20,  or  H2W4013. 
6H20.  A.  Rosenheim  and  F.  Kohn  gave  H2W4013.8H20  and  H2W4013.6H20. 
According  to  D.  I.  Mendeleeff,  the  same  transformation  is  accomplished  in  the 
passage  of  ordinary  tungstates-  into  the  metatungstates  as  takes  place  in  the 
passage  of  tungstic  acid  itself  from  an  insoluble  into  a soluble  state- — the  hydrosol. 
A.  Michaelis  represented  ordinary  tungstic  acid  by  H2W04,  and  he  regarded 
metatungstic  acid  as  a condensation  product  of  this  acid,  H2W4013.wH20,  derived 
from  the  anhydride,  W4012,  or,  with  tungsten  sexivalent, 

o2w-o-wo2 
6 6 
o,w-o-wo2 

The  question  is  not  so  easily  decided.  The  complex  heteropoly-acids  of  tungsten 
have  been  discussed  by  A.  Rosenheim  and  co-workers,  as  well  as  by  W.  Prandtl 
and  co-workers,  A.  Rogers  and  E.  F.  Smith,  P.  Pfeiffer",  H.  Copaux,  etc. 
C.  Scheibler  showed  that  all  the  metatungstates  are  dehydrated  with  difficulty, 
and  that  after  all  the  water  has  been  expelled,  the  residue  no  longer  dissolves  in 
water.  This  makes  it  probable  that  part  at  least  of  the  water  is  constitutional. 
A.  Geuther  represented  metatungstic  acid  by  formulae  which  assumed  that  all  the 
tungsten  atoms  are  sexivalent,  and  that  one  mol.  or  three  mols.  of  water  are  con- 
stitutional : 


+6H20  ; 


or 


\0/  \(OH)2 


+8H20 


C.  Friedheim  found  that  the  ammonium  and  potassium  salts  lose  all  but  one 
mol.  of  water  at  100°,  whilst  the  sodium,  barium,  cadmium,  lead  and  manganese 
salts  retain  3 mols.  at  100°,  and,  with  the  exception  of  the  lead  salt,  they  retain  one 
mol.  up  to  220°.  This  makes  it  appear  as  if  at  least  one  and  possibly  3 mols.  of 
water  are  constitutional.  H.  Copaux  argued  that  metatungstic  acid  is  isomorphous 
with  the  complex  heteropoly  acids — e.g.  boro-,  phosphato-,  and  silico-tungstic 
acids — and  that  some  of  the  salts — those  of  ammonium,  potassium,  and  barium 
— are  also  isomorphous,  and  consequently,  these  compounds  have  probably  a similar 
constitution  ; and  if  the  mol.  wt.  be  increased  six  times,  the  potassium  salts 
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can  be  represented : 6K20.(3H20.24W03).36H20,  5K20.(B203.24W03).36H20, 
and  4K20.(2Si02.24W03).36H20  ; and  the  barium  salts  : 6Ba0(3H20.24W03). 
54H20,  and  5Ba0(B203.24W03).54H20.  The  mol.  proportion  of  acid  and  base 
is  not  the  same  in  the  isomorphous  compounds,  but  if  3 mols.  of  water  are  assumed 
to  be  constitutional  in  metatungstic  acid,  the  proportions  of  water  of  crystallization 
are  the  same.  There  are  also  several  points  of  resemblance  in  the  properties  of  the 
salts  of  these  heteropoly  acids.  It  is  therefore  assumed  that  the  3 mols.  of  con- 
stitutional water  are  acidic,  and  the  free  acids  can  be  represented  by  the  formula! : 
6H20(3H20.24W03).48H20  ; 5H20.(B203.24W03).48H20  ; 4H20.(2Si02.24W03). 
48H20;  and  3H20.(P205.24W03).48H20. 

A.  Rosenheim  and  F.  Kohn  tried  to  find  how  much  water  is  constitutional  by 
preparing  insoluble  salts  which  usually  do  not  contain  water  of  crystallization, 
and  showed  that  in  the  silver  salt  2 or  3 mols.  are  firmly  combined  with  the  molecule, 
while  in  the  thallium  and  guanidinium  salts,  only  one  mol.  is  firmly  combined. 
They  also  showed  that  the  ratio  of  fixed  water  to  the  W03  group  is  at  least  1 : 4 
and  probably  3 : 4,  whereas  H.  Copaux’s  hypothesis  requires  this  ratio  to  be  1 : 8. 
A.  Rosenheim  and  F.  Kohn  concluded  that  the  constitution  is  best  represented 
by  a formula  of  the  co-ordination  type  with  3 mols.  of  constitutional  water  : 
R2[W0(W04)3(H20)3],  or  possibly  R2[W0(W04)3(H20)].  When  the  constitu- 
tional water  is  expelled,  the  salts  are  decomposed.  H.  Copaux  then  modified  this 
hypothesis,  and  represented  the  salts  as  derivatives  of  the  acid  (hypothetical)  : 


Metatungstic  acid  . 
Borotungstic  acid  . 
Silicotungstic  acid 
Phosphotungstic  acid 


. H10[H2(W2O7)6] 

. H9LB(W2o7)6i 
. HsLSi(W207)8l 
. h7[P(W2o7)6] 


where  the  basicity  is  determined  by  the  difference  between  the  valency  of  the 
central  element  and  the  combined  valency  of  associated  six  radicles.  Metatungstic 
acid  can  thus  be  referred  to  water  H10[H2O6]  in  which  the  six  oxygen  atoms  are 
replaced  by  six  bivalent  W207-radicles.  The  acid  is  thus  assumed  to  be  decabasic, 
whereas,  with  the  exception  of  the  mercury  salt,  only  hexabasic  salts  of  the  type 
M6H4[H2(W207)6]  have  been  prepared.  An  ill-defined  mercurous  salt, 
Hg‘8H2[H2(W207)6],  has  been  reported — vide  infra.  Actually  the  basicity  of  the 
acid  is  unknown. 

The  crystals  of  metatungstic  acid  were  described  by  V.  Forcher  as  octahedra, 
while  C.  Scheibler  called  them  tetragonal  bipyramids.  H.  Copaux  found  that  the 
crystals  are  isomorphous  with  those  of  the  silico-  and  phospho-tungstic  acids. 
C.  Scheibler  found  that  the  sp.  gr.  is  3-93.  The  sp.  gr.  of  the  aq.  soln.  with  41-46, 
88-57,  and  111-87  grms.  of  H2W4013.9H20  were  found  by  M.  Soboleff  to  be 
respectively  1-6025  at  0° ; 2-5239  at  22°  ; and  3-6503  at  43-5°  ; and  he  gave  for 
soln.  with  p per  cent,  of  W03  at  17-5°,  the  sp.  gr.=l+0-00903p+0-0000633p2 
-|-0-00000141p3.  The  crystals,  said  A.  Rosenheim  and  F.  Kohn,  readily  effloresce 
in  air.  M.  Soboleff  added  that  when  heated  to  50°,  the  crystals  lose  8-34  per  cent, 
or  4-5H20,  and  they  then  become  virtually  insoluble  in  water,  this  means  that 
the  acid  is  decomposed.  The  loss  at  100°  is  10-1  per  cent,  or  6-lH20  ; at  150°,  12-94 
per  cent,  or  7-5H20  ; at  180°,  13-5  per  cent,  or  8-1  H20,  and  at  180°,  13-48  or  8H20. 
C.  Scheibler  gave  11-4  per  cent,  or  7H20  for  the  loss  at  100°.  According  to  M.  Sobo- 
leff, the  lowering  of  the  f.p.  of  soln.  of  the  acid  with  0-3489,  2-8724,  and  25-9447 
grms.  of  H2W4013  per  100  c.c.  of  water  are  respectively  0-05165°,  0-04076°,  and 
0-03393°,  corresponding  with  the  respective  mol.  wts.  365-2,  464-7,  and  557-9 — 
theory  926 — so  that  the  factors  i are  respectively  2-53,  1-99,  and  1-66.  The  mol. 
electrical  conductivities,  p.,  of  the  aq.  soln.  with  926  grms.  in  v litres,  at  25°,  are  : 


v . 32  64  128  256  512  1024 

M . 159-9  219  1 261-8  305-1  348-6  390-9 


A.  Rosenheim  and  F.  Kohn  said  that  in  aq.  soln.,  metatungstic  acid -behaves  as  a 
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normal  electrolyte,  and  acts  as  a dibasic  acid.  For  the  electrometric  titration, 
vide  supra,  Fig.  24.  The  solubilities  of  H2W4013.9H20  at  0°,  22°,  and  43-5°  are 
respectively  41-46,  88-57,  and  111-87  grms.  per  100  c.c.  of  water.  The  aq.  soln. 
is  colourless,  or,  according  to  V.  Forcher,  pale  yellow.  The  soln.  has  a strong  acid 
and  bitter  taste,  and  does  not  appear  to  be  poisonous.  A.  Rosenheim  and  E.  Brauer 
found  the  H'-ion  cone,  of  0-005Ar-soln.  of  H10[H2(W2O7)6].22H2O,  to  be  [H']=0-0035, 
or  ph=2-45,  when  the  values  for  0-012V-HC1  are  [H']=0-0095,  or  pn= 2-022  ; and 
for  jV-CH3.COOH,  [H‘]=0-0043,  or  pn=2-366.  H.  Leiser  found  that  while  no 
change  occurred  in  the  electrolysis  of  a tungstate,  a soln.  of  metatungstic  acid  is 
reduced  to  a blue  soln.  which  is  readily  oxidized  by  exposure  to  air,  and  from  which 
no  crystalline  product  could  be  obtained.  Using  a platinum  basin  as  cathode, 
and  a nickel  gauze  anode,  the  blue  compound  formed  approximates  W4Ou,  and  if 
a lead  cathode  be  employed  the  reduction  goes  further  forming  black  tungsten 
dioxide.  According  to  C.  Scheibler,  the  aq.  soln.  can  be  boiled  for  a long  time 
without  decomposition,  and  at  100°,  the  soln.  can  be  evaporated  to  a certain  point 
when  it  forms  a white  gummy  mass  of  white  tungstic  acid  which  suddenly  cracks, 
and  finally  yellow  tungstic  acid  is  formed.  Dil.  soln.  can  be  kept  for  a long  time  in 
closed  vessels  without  change,  but  cone.  soln.  slowly  form  white  tungstic  acid.  If 
the  soln.  is  not  too  dil.,  sulphuric  acid  gives  a white  precipitate  which  passes  into 
soln.  if  more  water  is  added.  V.  Forcher,  and  C.  Scheibler  added  that  with  hydro- 
chloric acid  and  zinc,  metatungstic  acid  becomes  blue ; the  soln.  gives  no  pre- 
cipitate with  hydrogen  sulphide ; and  with  ammonium  sulphide,  sulphur  separates 
out,  and  after  a time,  the  soln.  deposits  bluish-black  cubes  of  ammonium  sulpho- 
tungstate.  J.  C.  Ghosh  and  J.  Mukherjee  studied  tungstic  acid  as  a photocatalyst 
in  the  decomposition  of  hydrogen  dioxide.  A.  Rosenheim  and  F.  Kohn  said  that 
in  alcoholic  soln.,  metatungstic  acid  acts  as  a colloid  ; when  a mineral  acid  is  pre- 
sent, it  is  possible  that  a mol.  compound  of  metatungstic  acid  and  ether  is  formed. 
No  esters  of  metatungstic  acid  could  be  prepared.  M.  Soboleff  said  that  at  0°, 
7-8°,  18-2°  and  24-2°,  ether  dissolves  respectively  83-456,  88-389,  99-66,  and  110-76 
grms.  H2W4013.9H20  per  100  c.c.  If  the  acid  has  lost  some  water  it  does  not 
dissolve.  In  extracting  the  acid  from  aq.  soln.  by  means  of  ether,  a liquid  with  3 
layers  is  formed.  G.  Jander  and  co-workers  regard  the  metatungstates  as  hexa- 
tungstates,  possibly  R6H4[H2(W207)6].nH20.  They  found  that  when  aq.  soln. 
of  alkali  tungstates  are  gradually  acidified,  amorphous  precipitates  of  hydrated 
forms  of  tungsten  trioxide  are  finally  obtained.  Before  the  precipitate  is  actually 
formed,  however,  polymerization  changes  occur  in  the  dissolved  tungstic  acid, 
and  these  changes  have  been  investigated  by  the  two  methods  already  used  in  the 
case  of  stannates,  viz.,  by  means  of  measurements  of  diffusion  coefficients  and  of 
absorption  coefficients^  of  visible  and  ultra-violet  light.  The  gradual  addition  of 
hydrochloric  acid  to  a soln.  of  an  alkali  tungstate  produces  first  a polymerization 
to  hexatungstic  acid,  without  the  formation  of  any  intermediate  acid,  as  follows : 
6W04''+6H‘^W6021"""-f3H20.  With  the  addition  of  more  acid  there  is  a further 
polymerization  to  metatungstic  acid,  which  is  probably  a diparatungstic  acid,  and 
in  presence  of  other  acids,  such  as  arsenic  or  phosphoric  acids,  hetcropolytungstic 
acids  are  formed. 

According  to  J.  Lefort,  if  a very  cone.,  cold  soln.  of  one  part  of  arsenic  acid  is  mixed 
with  a similar  soln.  of  four  parts  of  normal  sodium  tungstate,  a complex  arsenatotungstate 
is  formed,  but  if  one  part  of  arsenic  acid  be  mixed  with  two  parts  of  sodium  ditungstate, 
and  the  soln.  evaporated,  metatungstic  acid  is  obtained  in  very  fine  yellow  leaflets.  To 
this  acid,  the  name  metaluteotungstic  acid,  W03.7H20,  is  given — luteus,  yellow.  This 
acid  is  also  obtained  if  phosphoric  acid  is  used  instead  of  arsenic  acid,  The  properties 
resemble  those  of  ordinary  metatungstic  acid.  The  yellow  colour  may  be  due  to  im- 
purities ; E.  Pechard  could  not  confirm  J.  Lefort’s  results. 

In  1847,  A.  Laurent  5 prepared  salts  of  a paratungstic  acid.  He  called  them 
paratungstates,  and  represented  them  by  the  formula  5R20.12W03,  while  W.  Lotz, 
and  C.  Scheibler  suggested  3R20.7W03.  J.  C.  G.  de  Marignac  concluded  that  the 
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majority  of  the  paratungstates  contained  5R20.r2W03,  but  a few  contained 
3R20.7W03.  G.  von  Knorre,  and  C.  Gonzalez  were  unable  to  decide  in  favour 
of  either  formula.  The  degree  of  purity  of  the  salts,  and  the  limits  of  the  analytical 
errors  do  not  enable  a distinction  to  be  made  between  these  formula;.  H.  Copaux 
studied  the  dehydration  of  the  salts,  and  concluded  that  they  are  hydrohexa- 
tungstates  with  the  general  formula  R5[H(W207)3].wH20.  He  preferred  this  to 
a formula  with  the  WO'Vraclicle  because  like  the  metatungstates  the  paratung- 
states absorb  ultrar violet  light,  whereas  the  normal  tungstates  do  not  do  so. 
A.  Rosenheim  regarded  the  paratungstates  as  salts  of  the  acid  H10[H2(WO4)6]. 
There  is  no  evidence  proving  the  basicity  of  the  acid,  but  the  salts  are  usually 
representable  by  the  formula  R5H8[H2(W04)6].  G.  von  Knorre  found  that  the  para- 
tungstates gradually  decompose  in  aq.  soln.,  forming  normal  tungstates  and  meta- 
tungstates ; hence,  while  a freshly  prepared  soln.  is  neutral  to  phenolphthalein,  it 
gradually  becomes  acidic.  The  change  proceeds  rapidly  when  the  soln.  is  boiled. 
R.  C.  Wells  also  found  that  the  electrical  conductivities  of  aq.  soln.  slowly  increase 
when  allowed  to  stand  for  some  time. 

L.  A.  Hallopeau  found  that  free  paratungstic  acid  is  not  easily  obtained  by  the 
action  of  hydrogen  sulphide  on  the  lead  salt,  or  of  hydrochloric  acid  on  the  silver 
salt,  because  the  resulting  silver  chloride  is  difficult  to  separate.  The  best  method 
is  to  mix  the  barium  salt  with  not  quite  enough  dil.  sulphuric  acid  for  the  complete 
decomposition  of  the  salt.  Dil.  soln.  of  paratungstic  acid  are  not  decomposed  by 
heat,  but  prolonged  boiling  partially  converts  the  paratungstic  into  metatungstic 
acid.  When  the  soln,  is  evaporated,  even  in  vacuo,  at  the  ordinary  temp.,  some 
ordinary  tungstic  acid  is  formed.  Alkali-lye  neutralizes  the  soln.  and  yields  para- 
tungstates. Hydrochloric,  nitric,  and  sulphuric  acids  decompose  dil.  soln.  of 
paratungstic  acid  ; hydrogen  sulphide  reduces  them  with  formation  of  the  blue 
or  the  green  oxide  ; acetic,  phosphoric,  and  carbonic  acids  have  no  action.  Organic 
substances,  including  filter-paper,  reduce  the  acid  with  formation  of  the  blue  oxide, 
and  a soln.  mixed  with  alcohol  is  similarly  reduced  when  exposed  to  light.  For 
the  electrometric  titration,  vide  sujxra.  Fig.  24. 
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§ 12.  The  Monotungstates — Normal  Tungstates 

The  great  variety  of  compounds  of  tungsten  trioxide  with  the  bases  has  intro- 
duced difficulties  in  their  classification.  Some  consider  that  they  are  best  regarded 
as  normal  tungstates  of  the  type,  M2W04.mH20  ; paratungstates  of  the  type 
3M2O.7WO3.wH2O,  or  5M20.12W03.wH20  ; and  metatungstates  of  the  type 
M2WA3.WH2O  ; there  are,  however,  other  relations  which  make  this  system 
inadequate — vide  supra,  tungstic  acid.  As  in  the  case  of  the  higher  molybdates 
(q.v.),  many  of  the  complex  tungstates  can  be  regarded  as 

. R6H4[H2(W04)9] 

. R5H6[H2(W04)6] 

. R4H,[H2(W04),] 

. R6H4[H2(W207),] 

. R4H„[H2(W  207)e] 

. R3H7[H2(W  207)g] 


w I Ditungstates  or  Tetrahydrohexatungstates 

tiexa-  I paratungstates  or  Pentahydrotungstates 
tungstates  | 'j’ritungstates  or  Hexahydrohexatungstates  . 

Metatungstates  or  Tetrahydrododecatungstates 
Hexatungstates  or  Hexahydrododecatungstates 
Octotungstates  or  Heptahydrododecatungstates 


Dodeca- 

tungstates 


Hydrated  tungsten  trioxide  readily  dissolves  in  aq.  ammonia,  but  neither 
E.  F.  Anthon,1  nor  J.  C.  G.  de  Marignac  were  able  to  isolate  normal  ammonium 
tungstate,  (NH4)2W04.wH20,  from  the  soln.  because  when  the  soln.  is  concentrated, 
ammonia  is  lost,  and  an  acid  salt  remains.  The  corresponding  sulpho-salt, 
(NH4)2WS4,  has  been  obtained.  It  is  assumed  that  an  aq.  soln.  of  the  salt  exists 
because,  as  shown  by  E.  F.  Anthon,  a soln.  of  calcium  chloride  precipitates  normal 
calcium  tungstate.  A.  Rosenheim  and  F.  Jacobsohn,  however,  did  obtain  the 
normal  salt  as  a White  mass  by  the  action  of  hydrated  tungstic  acid  on  liquid 
ammonia.  Likewise  the  salt  was  prepared  by  T.  H.  Tsao,  and  by  E.  Kunau. 
For  the  so-called  ammonium  isotungstate,  vide  supra,  the  history  of  tungsten. 
Ammonium  tungstate  is  very  soluble  in  water,  and  readily  loses  ammonia. 
According  to  C.  E.  Guignet,  the  aq.  soln.  readily  dissolves  prussian  blue ; and, 
according  to  R.  E.  Liesegang,  paper  treated  first  with  ammonium  tungstate,  and 
then  with  hydrochloric  acid,  becomes  grey  when  exposed  to  light.  According  to 
K..  A.  Hofmann  and  V.  Kohlschiitter,  when  25  grms.  of  powdered  sodium  para- 
tungstate  are  added  to  a soln.  of  10  grms.  of  hydroxylamine  hydrochloride  in  20  c.c. 
of  water,  the  product  dissolved  in  50  c.c.  of  15  per  cent,  ammonia,  and  the  soln. 
allowed  to  evaporate  over  potassium  hydroxide,  thick  tablets  of  ammonium 
hydroxylamine  tungstate,  (NH30H).W04.(NH4),  are  formed.  The  salt  reduces 
Fehling’s  soln.,  and  an  ammoniacal  soln.  of  silver  nitrate. 

G.  C.  Gmelin  2 obtained  lithium  tungstate,  Li2W 04,  by  dissolving  tungsten 
trioxide  in  a boiling  soln.  of  lithium  carbonate,  and  evaporating  the  liquid  for 
crystallization ; and  E.  F.  Anthon  obtained  it  by 
dissolving  the  tungsten  trioxide  in  molten  lithium 
carbonate,  and  allowing  an  aq.  soln.  of  the  cold 
product  to  crystallize.  J.  A.  M.  van  Liempt  found 
that  lithium  tungstate  melts  at  742°  and  shows  no 
transition  point.  F.  Hoermann  gave  742°  for  the 
m.p.  The  f.p.  of  mixtures  with  tungsten  trioxide 
are  shown  in  Fig.  25,  as  far  as  about  Li20  : W03 
=1 : 2-5  ; the  molten  tungstate  does  not  dissolve 
more  trioxide.  A compound  lithium  ditungstate  is 
formed  melting  at  745°,  and  with  a transition 
point  at  687°.  The  curve  Fig.  25  is  by  F.  Hoer- 
mann. Vide  infra,  for  mixtures  of  lithium  tung- 
state with  sodium  and  potassium  tungstates.  Ac- 
cording to  W.  Zachariasen,  the  X-radiogram  shows 
that  lithium  tungstate  is  isomorphous  with  the  molybdate  (q.v.)  ; the  elementary 
trigonal  cell  has  a about  8-20  A.,  and  c,  about  9-45  A.  The  rhombic  columns, 
or  octahedral  crystals,  are  stable  in  air ; they  have  a sweet,  yet  bitter,  taste  ; 
they  are  readily  soluble  in  water ; and  the  aq.  soln.  has  an  alkaline  reaction. 
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Fig.  25. — Freezing  Points  of 
the  System  : Li2W04-W03. 
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A.  Rosenheim  and  W.  Reglin  found  the  hydrate  to  be  Li2W04.H20,  and  that 
the  salt  in  aq.  soln.  is  strongly  hydrolyzed.  With  atm.  carbon  dioxide,  lithium 
carbonate  and  tungstic  acid  are  formed.  The  salt  is  soluble  in  a soln.  of  lithium 
hydroxide,  and  on  evaporating  the  soln.,  a non-crystallizable  syrup  is  obtained. 

Anhydrous  sodium  tungstate,  Na2W04,  was  obtained  by  E.  F.  Anthon,3 
E.  Zettnow,  and  F.  Ullik  by  fusing  together  eq.  proportions  of  tungsten  trioxide 
and  the  alkali  hydroxide  or  carbonate.  It  was  also  produced  by  B.  von  Pawlewsky, 
by  allowing  the  hydrate  to  stand  for  a long  time  over  cone,  sulphuric  acid  ; by 
A.  Riche,  by  allowing  it  to  stand  in  vacuo ; and  by  A.  Riche,  Y.  Forcher,  B.  von 
Pawlewsky,  and  R.  Funk,  by  heating  the  hydrate  over  100°.  The  preparation  of 
the  salt  from  wolframite,  etc.,  has  been  discussed  in  connection  with  the  extraction 
of  tungsten  ( q.v .).  It  separates  from  its  aq.  soln.  in  the  hydrated  form.  W.  Jander 
and  A.  Winkel  observed  that  the  normal  alkali  tungstate  is  formed  in  aq.  soln.  when 
the  [H']-concentration  lies  between  10-14  and  10— 6-5  ; and  the  paratungstate 
R5(HW6021)  when  the  cone,  is  between  10— 65  and  10~6-5. 

The  relations  of  sodium  tungstate  to  water  closely  resemble  those  of  sodium 
molybdate.  The  percentage  solubility,  S,  found  by  R.  Funk,  was  : 

-5°  0°  5°  6°  10°  20°  40°  80°  100° 

S . 30-0  36-5  41  0 41-8  41-9  42-2  43-8  47-4  49-2 


Solid  phase 


lOHoO 


2H20 


Fig.  26. — The  Solubility  of  Sodium 
Tungstate  in  Water. 


There  is  an  unstable  form  of  the  dihydrate  with  $=41-7  at  — 3-5°.  The  results  are 
plotted  in  Fig.  26,  where  the  dotted  curve  refers  to  sodium  molybdate,  the  con- 
tinuous curve  to  sodium  tungstate.  The  an- 
hydrous tungstate  does  not  appear  as  a stable 
phase  in  the  system  below  100°.  A.  Riche  ob- 
tained the  dihydrate,  NaW04.2H20,  from  a soln. 
of  tungsten  trioxide  and  sodium  carbonate  ; and 
E.  F.  Anthon  from  a soln.  of  that  oxide  and 
sodium  hydroxide,  or  from  an  aq.  soln.  of  a 
previously  melted  mixture  of  wolframite  and 
sodium  carbonate.  The  dihydrate  can  be  re- 
crystallized from  water.  The  conditions  of  sta- 
bility are  indicated  in  Fig.  26.  R.  Funk  showed 
that  below  6°,  the  aq.  soln.  furnishes  crystals  of 
the  decahydrate  : Na2WO4.10H2O.  Analyses  of 
the  dihydrate  were  made  by  E.  F.  Anthon, 
Y.  Forcher,  R.  Funk,  E.  Wegelin,  J.  C.  G.  de  Marignac,  A.  Riche,  and 
E.  Zettnow. 

Anhydrous  sodium  tungstate  furnishes  white  crystals ; and  when  heated,  the 
salt  undergoes  two  transformations.  H.  E.  Boeke  showed  that  the  changes  are 
reversible.  The  molten  liquid  freezes  at  about  700° — f.p.  Fig.  27.  For  reasons 
which  will  appear,  H.  E.  Boeke  called  the  salt  in  this  state  j3-Na2W04,  and  he 
observed  that  there  is  a transition  point  at  588°,  involving  the  reversible  change : 
j3-Na2W04— y-Na2W04  ; and  at  564°,  y-Na2W04  passes  into  8-Na2W04  by  a rever- 
sible process : y-Na2W04— S-Na2W04.  The  8-form  is  stable  at  ordinary  temp. 
According  to  N.  Parravano,  the  transition  points  on  the  cooling  curve  for  the 
[i—y  and  the  y— 8 transformations  are  respectively  585°  and  568°  ; H.  S.  van 
Klooster  gave  respectively  589°  and  572°  ; F.  Hoermann,  590°  and  583° ; and 
K.  Hiittner  and  G.  Tammann  found  the  y— 8 transition  to  occur  at  570° — 
J.  A.  M.  van  Liempt  gave  577°  ; and  A.  Hare,  -579°.  H.  S.  van  Klooster  and 
H.  C.  Germs  found  on  the  heating  curve,  587°  for  the  8— y transition  point — 
J.  A.  M.  van  Liempt  gave  588°- — and  591°  for  the  y— jS  transition  point.  The 
thermal  value  of  the  S^y-transformation  is  much  greater  than  that  of  the  y±=±j 9- 
transformation.  Sodium  sulphate  shows  a transition  point  at  239°  in  which  what 
H.  E.  Boeke  called  a-Na2S04  passes  into  e-Na2S04,  the  form  stable  at  ordinary  temp. 
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The  reason  the  /3-prefix  is  not  here  employed  turns  on  the  fact  that  on  comparing 
the  results  with  sodium  sulphate  with  those  obtained  with  the  molybdate  and 
tungstate,  other  forms  may  be  subsequently  discovered.  The  results  with  sodium 


Fig.  27. — Cooling  Curves  of  Sodium 
Sulphate,  Molybdate,  and  Tungstate. 


Fig.  28. — Freezing-point  Curves 
of  the  System  : 
Li2W04-Na2W04. 


sulphate,  molybdate,  and  tungstate  are  summarized  in  Fig.  27,  and  in  the  following 
table  showing  the  range  of  stability  of  the  different  forms,  as  well  as  their  bire- 
fringence, b : 


Melting 

point 

Na2S04  . 888° 

Na2Mo04.  698° 
Na2WQ4.  692° 


a-crystals  /3-crystals  y-crystals 

(6  feeble)  (b  strong)  (6  very  strong) 

888°-239° 

— 698°-588°  588°-564° 

692°-619°  619°-587°  587°-431° 


S-crystals 

(isotropic) 

564°-  . . . 
431°-  . . . 


8-crystals 
(6  very  strong) 
239°-  . . . 


99 

99 


R.  Lorenz  and  W.  Herz  made  some  observations  on  the  transition  temp,  of  sodium 
tungstate.  The  f.p.  curve  of  the  system,  Li2W04-Na2W04,  by  J.  A.  M.  van 
Liempt,  is  shown  in  Fig.  28.  There  is  a simple  eutectic  at  491°  and  45  molar  per 
cent,  of  sodium  tungstate.  F.  Hoermann’s  observations' are  summarized  in  Fig. 
28.  A compound  of  the  two  salts  is  formed  with  an  incongruent  m.p.  at  511°. 
H.  S.  van  Klooster  and  H.  C.  Germs’  observations  on  the  behaviour  of  each  of  the 
three  salts — Na2W04,  Na2Mo04,  and  Na2S04 — in  binary  systems  is  illustrated  by 


Figs.  29  to  31  ; and  these  diagrams  are  combined  in  Fig.  32  to  represent  the  ternary 
system— Na2S04-Na2Mo04-Na2W04.  H.  E.  Boeke,  and  P.  Kordes  also  studied 
the  system  Na2Mo04-Na2W04. 

The  ordinary  commercial  salt  is  the  dihydrate,  and  the  white  or  transparent. 
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nacreous,  scaly  crystals  were  described  by  L.  N.  Yauquelin  and  L.  Hecht  as  four- 
sided plates,  and  by  E.  F.  Anthon,  A.  Riche,  and  Y.  Forcher  as  rhombic  plates. 

According  to  J.  C.  G.  de  Marignac,  the  rhombic 
bipyramids  have  the  axial  ratios  a : b : c=0-8002  : 
1 : 0-6470.  F.  Zambonini  gave  0-8013  : 1 : 0-6524, 
and  for  the  optic  axial  angle,  2E=35°  20'  for 
A=667  ; 39°  30'  for  Na-light ; and  43°  40'  for 
A=533.  The  crystals  were  also  described  by 
C.  F.  Rammelsberg,  and  E.  Herlinger.  According 
to  F.  W.  Clarke  and  J.  L.  Davis,  the  specific 
gravity  of  the  anhydrous  salt  is  4-1833  at  18-5° 
and  4-1743  at  20-5° ; and  that  of  the  dihydrate 
is  3-2588  at  17-5°  and  3-2314  at  18-5°.  F.  Zam- 
bonini gave  3-50  at  15°/15°.  F.  M.  Jager’s 
values  for  the  molten  salt  are  indicated  below ; 
and  he  represented  the  sp.  gr.,  D,  at  0°/4°  be- 
tween 930°  and  1595°  by  Z>=3-673-0-0009275, 
(0—930) +O-O6337(0— 930)2.  The  sp.  gr.  at  917° 
was  3-685 ; at  1128°,  3-502  ; and  at  1330°,  3-356. 
W.  Herz,  and  R.  Lorenz  and  W.  Herz  made  some 
yy rd  so  observations  on  this  subject.  The  sp.  gr.,  D,  of 

Fig.  32.- — The  * Ternary  System:  ^ S0^  °f  dihydrate  with  the  following 
Na2SO4-Na2MoO4-Na2W04  at  percentage  proportion  of  Na2W04,  were  measured 
different  Temperatures.  1 by  B.  von  Pawlewsky,  who  found  : 


NatMoO, 


Na2W04 


Na2W04  . 2-21  6-25  10-08  14-44  20-59  25-46  32-68  38-43 

j-.  j 20°/20°  . 1-02016  1-05831  1-09687  1-14392  1-21720  1-28143  1-38826  1-48595 

\ 20°/4°  . 1-01837  1-05641  1-09486  1-14177.1-21483  1-27887  1-38539  1-48279 


Observations  were  also  made  by  I.  Traube,  and  B.  Franz.  I.  Traube  found  the 
drop-weight  of  the  molten  salt  to  be  259  referred  to  water  100  at  0°.  F.  M.  Jager 
gave  the  following  values  for  the  sp.  gr.  D,  the  specific  cohesion,  a 2 mgrm.  per  mm. ; 
the  surface  tension  cr  dynes  per  cm. ; and  the  surface  energy,  y ergs  per  sq.  cm.  of 
the  molten  salt : 


710° 

788° 

1038-5° 

1181-4° 

1231-5° 

1331-5° 

1450° 

1595° 

3-893 

3-812 

3-576 

3-461 

3-424 

3-355 

3-282 

3-208 

10-65 

10-60 

10-34 

10-15 

10-00 

9-76 

9-44 

9-02 

203-3 

198-2 

181-4 

172-4 

168-0 

160-6 

152-0 

142-6 

3632 

3591 

3430 

3332 

3270 

3168 

3043 

2899 

R.  Lorenz  and  W.  Herz  discovered  some  relations  of  the  surface  tension.  J.  J.  Cole- 
man found  that  the  diffusion  of  28,  25,  and  17  per  cent,  of  normal  soln.  of  sodium 
molybdate,  chromate,  and  tungstate  respectively  occurred  in  30  days  at  12-5°. 
H.  Schulz  and  G.  Jander  observed  that  the  diffusion  coelf.  of  the  tungstate  ion  in 
aq.  soln.  of  sodium  tungstate  decreases  considerably  with  increasing  acidity  of  the 
soln.,  which  is  probably  due  to  an  increase  in  complexity  of  the  ions  according  to 
some  such  scheme  as  7W04"+8H'^W(W04)6"""+4H20.  In  soln.  0-IN  in  respect 
of  a mineral  acid  and  containing  neutral  salts,  the  degree  of  aggregation  of  the 
tungstate  ion  is  5 to  7 times  that  of  the  ion  in  alkaline  soln.  In  soln.  which  contain 
no  neutral  salts,  but  are  0-1 N in  respect  of  a mineral  acid  and  have  been  boiled,  the 
degree  of  aggregation  is  9 to  11.  G.  Tammann  found  the  vapour  pressure  of  soln. 
with  19-62,  56-06,  and  111-13  grms.  of  sodium  tungstate  in  100  grms.  of  water  at 
100°  was  24-6, 85-3,  and  197-1  mm.  less  than  the  value  for  water  alone.  E.  F.  Anthon, 
and  V.  Forcher  observed  that  the  salt  melts  at  a red-heat,  forming  a clear  liquid 
which,  on  cooling,  solidifies  to  a crystalline  mass.  K.  Hiittner  and  G.  Tammann, 
H.  E.  Boeke,  and  N.  Parravano  gave  698°  for  the  melting  point  of  sodium  tungstate ; 
H.  S.  van  Klooster,  700° ; F.  Hoermann,  and  J.  A.  M.  van  Liempt,  705° ; and 
H.  S.  van  Klooster  and  H.  C.  Germs,  694°.  E.  F.  Smith  gave  for  the  m.p.  of 
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Na20.W03.  665°  ; 5Na20.12W03,  705-8° ; 4Na20.10W03,  680-8° ; 9Na20.22W03, 
683-3° ; and  Na20.4W03,  706°.  N.  Parravano  measured  the  f.p.  curve  of  mixtures 
of  sodium  tungstate  and  tungsten  trioxide,  so  far  as  the  solubility  of  the  trioxide 
allows — namely,  Na20  : W03=1 : 2-5 ; according  to  J.  A.  M.  van  Liempt,  and 
N.  Parravano,  transformations — vide  swpra — occur 
at  588°,  and  564°.  The  m.p.  of  sodium  tung- 
state falls  steadily  with  increasing  additions  of 
tungsten  trioxide  until  it  reaches  the  eutectic  at  626°. 

It  then  rises  to  a maximum  at  731°,  corresponding 
with  the  pyrotungstate  Na2W207.  From  626°  to 
588°,  the  mixtures  are  composed  of  a-Na2W04  and 
Na2W207  ; from  588°  to  564°,  they  are  composed 
of  j3-Na2W04  and  Na2W207;  and  below  564°,  of 
mixtures  of  y-Na2W04  and  Na2W207.  The  sub- 
sequent course  of  the  curve  indicates  the  possible 
existence  of  Na2W5016,  but  excludes  the  tritung- 
state Na2W3O10.  The  results  of  F.  Hoermann  are 
summarized  in  Fig.  33.  J.  A.  M.  van  Liempt  gave 
738°  for  the  m.p.  of  sodium  ditungstate,  and  628° 
for  the  eutectic  with  normal  tungstate ; he  also 
noted  the  lowering  of  the  transition  temp,  of  sodium  tungstate  by  tungsten 
trioxide.  E.  tVegelin  found  that  0-5196  grm.  of  the  dihydrate  in  20  c.c.  of  water 
lowered  the  f.p.  of  water  at  0-3°.  This  corresponds  with  a mol.  wt.  of  112-3. 
Other  determinations  gave  analogous  results.  The  theoretical  mol.  wt.  for 
Na2W04  is  294-1,  hence  the  salt  in  aq.  soln.  probably  furnishes  three  ions. 
W.  G.  Mixter  gave  for  the  heat  of  formation  with  powdered  tungsten : W+3Na202 
=Na2W04+2Na20+231-2  Cals.;  W-f-Na20-l-30=Na2W04+291  Cals.;  and 
W03+Na20— Na2W04+94-l  Cals. ; and  L.  Pissarjewsky  gave  H2W04aq. 
-f  2NaOHaq.—  Na2W04aq.+H20+13-694  Cals.  A.  Hare  gave  9-51  Cals,  per  mol 
for  the  energy  of  the  transformation  at  579°. 

B.  von  Pawlewsky  found  the  index  of  refraction,  p,  of  soln.,  at  20°,  with  the 
following  percentage  proportions  of  sodium  tungstate,  to  be  : 

Na2W04  . 2-21  6-25  10-08  . 14-44  20-59  25-46  32-68  38-43 

p . . 1-33586  1-34065  1-34516  1-35064  1-35933  1-36648  1-37306  1-38890 

H.  Schulz  and  G.  Jander  found  that  with  increasing  acidity,  the  optical  absorption 
limit  of  the  soln.  moves  towards  the  region  of  longer  wave-lengths.  This  is  taken  to. 
indicate  an  aggregation  of  the  anions.  O.  H.  Wagner  found  for  the  index  of  refrac- 
tion, p,  of  the  molten  salt  for  wave-lengths  A at  0°  : p=a— 6(0—750),  so  that 

A . 0-670  0-610  0-589  0-579  0-546  0-436 

a . 1-574  1-580  1-588  1-589  1-595  1-615 

b . 0-00021  0-00024  0-00026  0-00021  0-00020  0-00011 

or  /t— 2-6531 +1-0562A/{A2 — (1-777)2}.  For  the  luminescence  in  X-rays,  vide  infra, 
calcium  tungstate.  P.  Krishnamurti  examined  the  Raman  effect. 

P.  Walden,  J.  Eltzbacher,  and  H.  Grossmann  and  H.  Kramer  measured  the 
electrical  conductivity  of  soln.  of  sodium  tungstate ; and  C.  Watkins  and  H.  C.  Jones 
gave  for  the  conductivity,  p mhos,  of  soln.  with  a mol  of  the  salt  in  v litres  of  water  : 


V . 

4 

8 

16 

32 

128 

512 

1024 

[ 0°  . 

63-5 

74-4 

88-2 

93-3 

105 

114 

116 

15°  . 

107 

120 

135 

143 

162 

175 

178 

M 25°  . 

151 

169 

180 

203 

221 

225 

1 35°  . 

— 

183 

206 

219 

249 

271 

272 

V.  Bhagwat  and  N.  R.  Dhar  gave  for  the  eq.  conductivity,  A,  of  a soln.  with  a mol 
E the  salt  in  v litres  at  21°  : 

V 

8 

16 

32  64 

128 

256 

512 

1024 

A 

. 77-6 

82-9 

87-3  91-3 

95-3 

99-1 

101-3 

103-9 

Fig.  33. — Equilibrium  Curves  of 
Mixtures  of  Sodium  Tungstate 
and  Tungsten  Trioxide. 
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bo  that  [i io24— itA32=16-6  ; and  P.  Walden  gave  /x1024 — ju32=21-5.  F.  M.  Jager  and 
B.  Kapma  represented  the  mol.  conductivity  of  the  fused  salt  at  6°  between  750°  and 
501°  by  /a=83-5O+O185(0— 750)  ; and  the  resistance,  R ohms,  and  sp.  gr.  D,  are  : 


752-5° 

958° 

1066° 

1209° 

1361-5° 

1412° 

1501° 

D 

. 3-843 

3-648 

3-654 

3-443 

3-339 

3-308 

3-258 

R 

. 0-1706 

0-1194 

0-0996 

0-0804 

0-0702 

0-0650 

0-0628 

The  subject  was  discussed  by  W.  Biltz  and  W.  Klemm.  G.  Gore  obtained  black 
matter  at  the  cathode  during  the  electrolysis  of  fused  sodium  tungstate,  and  a 
gas  was  given  off  at  the  anode.  E.  Schaefer,  and  M.  Kroger  obtained  oolloidal 
tungstic  acid  (q.v.)  by  the  electrolysis  of  soln.  of  sodium  timgstate ; and  A.  Lotter- 
moser  obtained  paratungstate  and  other  complex  tungstates.  P.  Burckhard  found 
that  the  molten  salt  conducts  the  electric  current,  forming  oxygen  at  the  anode, 
and  at  the  cathode,  a mass  of  tungsten  hemipentoxide — vide  swpra,  the  extraction 
of  tungsten.  According  to  E.  F.  Smith,  neutral  soln.  of  the  tungstates  are  not 
affected  by  the  electric  current,  but  J.  Eltzbacher,  E.  Schaefer,  and  E.  F.  Smith 
made  observations  on  the  electrolysis  of  acidified  soln.  of  sodium  timgstate,  and 
found  that  timgstic  acid,  at  the  cathode,  is  reduced  to  the  blue  oxide.  R.  G.  Wells 
said  that  the  conductivity  of  the  aq.  soln.  does  not  change  with  time. 

F.  Wohler  said  that  the  salt  is  not  decomposed  when  it  is  heated  in  hydrogen ; 
and  E.  Bouchhaus  studied  the  reaction.  Y.  Spitzin  observed  that  neutral 
sodium  tungstate  is  reduced  by  hydrogen  at  900°  in  accord  with  Na2W04 
-f-4:H2=2Na+W+4H20 ; and  J.  A.  M.  van  Liempt  said  that  the  reduction 
at  1100°  proceeds:  Na2W04+3H2=W+ 2Na0H+2H20.  R.  Funk  said  that 
the  dihydrate  is  stable  in  air,  but  Y.  Forcher  observed  that  efflorescence  occurs 
in  dry  air.  According  to  L.  N.  Vauquelin  and  L.  Hecht,  100  parts  of  water 
dissolve  25  parts  of  the  salt  in  the  cold,  and  50  parts  when  boiling ; and 

E.  F.  Anthon  gave,  respectively,  100  and  200.  A.  Riche  reported  that  100  parts  of 
water  dissolve  40-98  parts  of  salt  at  0°  ; 55-25  parts  at  15°  ; and  123-4  parts  at  the 
b.p. ; and  R.  Funk,  that  100  parts  of  water  dissolve  90-'09  parts  of  salt  at  21°,  and 
123-4  at  the  b.p. — vide  supra.  E.  F.  Anthon  said  that  the  soln.  has  a bitter,  rough, 
saline  taste,  and  an  alkaline  reaction.  B.  Kellner  observed  that  the  salt  dissolves 
more  easily  in  hydrogen  dioxide  than  it  does  in  water,  and  the  soln.  is  yellow,  and 
reacts  acid.  W.  K.  van  Haagen  and  E.  F.  Smith  found  that  the  heated  tungstate  is 
attacked  with  difficulty  by  hydrogen  fluoride.  V.  I.  Spitsin  and  L.  Kaschtanoff 
said  that  with  hydrogen  chloride,  volatile  tungsten  dioxydichloride  and  sodium 
chloride  are  formed.  According  to  A.  Riche,  and  E.  Zettnow,  a soln.  of  the  salt  is 
decomposed  by  strong  acids  as  well  as  by  boric,  sulphurous,  carbonic,  oxalic,  and 
acetic  acids,  and,  added  V.  Forcher,  by  carbon  dioxide.  The  action  of  phosphoric 
acid  has  been  discussed  by  C.  Scheibler,  J.  Lefort,  etc. — vide  infra,  phosphotung- 
states— H.  Rose  said  that  with  a soln.  of  a tungstate,  phosphoric  acid  gives  a white 
precipitate,  soluble  in  excess  ; and  E.  Zettnow  added  that  the  normal  alkali  tung- 
states do  not  precipitate  orthophosphoric  acid,  and  by  quickly  transforming  that 
acid  into  metaphosphoric  acid,  hinder  the  precipitation  of  tungstic  acid  by  other 
acids.  F.  J.  Factor  found  that  when  the  soln.  is  warmed  with  sodium  thiosulphate, 
a mixture  of  tungsten  dioxide,  trioxide,  and  the  lower  oxides  is  precipitated ; and 
alkali  sulphites  give  no  blue  coloration  with  the  hot  soln.,  but  if  a little  hydrochloric 
acid  be  present,  a feeble  blue  colour  may  appear.  A.  Rosenheim  observed  that  the 
tungstates  seem  to  form  unstable  complex  salts  when  treated  with  sulphur  dioxide. 

F.  Bourion  said  that  chlorine  mixed  with  the  vapour  of  sulphur  dichloride  drives 
out  all  the  tungsten  as  volatile  chloride  from  sodium  tungstate  at  180°-450°. 
W.  I.  Baragiola  showed  that  when  a soln.  of  sodium  tungstate  is  treated  with 
ammonium  chloride,  various  acid  tungstates  are  formed— namely,  3(NH4)20. 
2Na20.15W03.25H20  ; 4(NH4)20.2Na20.15W03.21H20  ; and  6(NH4)20.2Na20. 
20W~03.24H26.  F.  Wohler,  and  E.  F.  Anthon  supposed  that  ammonium  salts  with 
cone.  soln.  of  sodium  tungstate  give  the  ammonium  salt,  but  A.  Laurent,  and 
W.  Lotz  said  that  a double  salt  is  produced — vide  infra.  H.  Traube  obtained 


TUNGSTEN 


779 


trigonal,  bipyramidal  crystals  of  probably  an  isomorpbous  mixture  lithium  sodium 
1 : 3-tungstate,  Li2W04.3Na2W04.12H20,  from  a soln.  of  equimolar  proportions  of 
the  two  salts.  The  axial  ratios  are  a : c= 1 : 0-8947, 
and  a— 100°  34'.  The  optical  character  is  nega- 
tive. L.  Kahlenberg  and  W.  J.  Trautmann  found 
that  sodium  tungstate  reacts  with  silicon  with 
difficulty,  forming  no  free  metal  or  silicide. 

H.  S.  van  Klooster  examined  fused  mixtures  of 
sodium  metasilicate  and  tungstate.  The  two  salts 
are  practically  immiscible  in  the  liquid  state,  and 
quite  immiscible  in  the  solid  condition.  The  frag- 
ment of  the  equilibrium  diagram  which  was  ex- 
plored is  shown  in  Fig.  34.  J.  A.  M.  van  Liempt 
examined  the  sp.  gr.,  D,  the  viscosity,  rj,  and  the  Fig.  34.— Equilibrium  Diagram 
sp.  electrical  conductivity,  K,  of  soln.  of  mixtures  wn 

of  sodium  orthosilicate,  Na4Si04,  and  sodium  tung-  1 &2  1 3' 

state,  Na2W04,  and  found  that  the  curves  show  no  maxima  or  minima  at  30°.  The 
results  were : 

Na2W04  .0  2 4 6 8 10  vol.  per  cent. 

D . . 1 193  1-206  1-218  1-230  1-242  1-225 

j)  . . 2-888  2-579  2-389  2-062  1-881  1-671 

K . . 0-1517  0-1317  0-1241  0-1154  0-1057  0-0910 

The  action  of  many  reagents  on  aq.  soln.  has  been  discussed  in  connection  with  the 
analytical  reactions  of  tungsten.  P.  Hautefeuille  and  A.  Perrey,  and  H.  Corim- 
boeuf  discussed  its  use  as  un  agent  mineralisateur — 6.  40, 17  and  22 — in  the  synthesis 
of  silicate  minerals,  and  in  the  conversion  of  silica.  H.  S.  van  Klooster  found  that 
sodium  tungstate  and  sodium  silicate,  Na2Si03,  are  practically  immiscible  below 
1100°  ; and  they  are  completely  immiscible  in  the  crystalline  state.  A.  Riche,  and 
Y.  Forcher  found  that  alcohol  precipitates  crystals  of  the  salt  from  its  aq.  soln.,  and 
that  the  salt  is  insoluble  in  alcohol.  O.  Maschke  showed  that  strongly  alkaline  soln. 
are  coloured  blue  by  organic  compounds  owing  to  reduction ; and  R.  E.  Liesegang 
found  that  a mixture  of  sodium  tungstate  with  a soln.  of  citric  acid  is  sensitive  to 
light,  and  on  isolation,  acquires  a blue  colour.  The  coloration  is  not  produced  by 
sodium  tungstate  alone  nor  in  the  presence  of  acetic  acid,  sodium  oxalate,  stannous 
chloride,  or  ammonium  thiocyanate.  According  to  J.  H.  Long,  the  optical  rotation 
of  a soln.  of  potassium  antimonyl  tartrate  is  raised  by  the  addition  of  sodium 
tungstate,  very  little  tungstic  acid  is  precipitated.  D.  Gernez  also  observed  that  the 
optical  activity  of  several  organic  substances  is  raised  by  sodium  tungstate,  itself 
optically  inactive.  A.  Y.  Dumansky  and  S.  I.  Diatschkovsky  observed  its  action 
on  the  activity  of  tartaric  acid.  J.  Lefort  studied  the  action  of  quinine  on  normal 
alkali  tungstate.  C.  N.  Fenner,  and  C.  J.  van  Nieuwenburg  and  C.  N.  G.  de  Nooijer 
discussed  its  catalytic  action  on  the  transformations  of  silica  (q.v.).  F.  Mauro  and 
R.  R.  Panebianco  discussed  the  reduction  of  tungstic  acid  or  tungstates  in  hydro- 
fluoric acid  soln.  by  metals.  F.  Hoermann’s  observations,  Fig.  28,  show  that  a 
compound  lithium  sodium  tungstate,  Li2W04.3Na2W04,  is  formed  with  an  incon- 
gruent  m.p.  of  511°. 

E.  F.  Anthon  prepared  anhydrous  potassium  tungstate,  K2W04,  by  crystalliza- 
tion from  a filtered  soln.  of  tungstic  acid  in  soln.  of  potassium  hydroxide  or  carbonate. 
J.  C.  G.  de  Marignac  said  that  the  anhydrous  salt  is  always  obtained  when  the  hot, 
sat.  soln.  is  cooled,  or  evaporated  hot.  F.  Ullik  added  that  if  the  alkali-lye  contains 
sodium,  a mixed  sodium  potassium  tungstate  is  formed.  E.  F.  Anthon,  E.  Zettnow, 
and  F.  Ullik  melted  equimolar  proportions  of  potassium  carbonate  and  tungsten 
trioxide  at  a red-heat.  The  mass  on  cooling  disintegrates  to  a powder,  indicating 
that  polymorphic  transformations  are  involved.  J.  C.  G.  de  Marignac  found  that 
if  the  aq.  soln.  be  evaporated  over  sulphuric  acid,  below  10°,  monoclinic  prisms  and 
plates  of  the  dihydrate,  K2W04.2H20,  are  formed ; they  have  the  axial  ratios 
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a : b : c=0-9998  : 1 : 0-7830,  and  yS=110Q'57'  ; and  they  effloresce  in  dry  air  particu- 
larly if  warmed,  and  deliquesce  rapidly  in  moist  air.  A.  Riche  reported  a mono- 
hydrate, K2W04.H20,  but  he  probably  mistook  a partially  effloresced  dihydrate  for 
the  monohydrate.  E.  F.  Anthon’s  hexagonal  pentahydrate,  K2W04.5H20,  was, 
according  to  F.  Ullik,  a mixed  sodium  potassium  tungstate.  As  stated  by  S.  Sura- 
wicz,  the  assumption  of  water  produces  no  change  in  the  crystal  system,  for 
J.  C.  G.  de  Marignac  showed  that  the  acicular  crystals  of  the  anhydrous  salt  are 
monoclinic  prisms  with  the  axial  ratios  a : b : c=l-9702  : 1 : 1-2341,  and  j3=113°  15'. 
Twinning  occurs  about  the  (OOl)-plane.  J.  W.  Retgers  found  that  the  crystals  are 
isomorphous  with  those  of  potassium  sulphate,  selenate,  and  molybdate.  J.  W.  Ret- 
gers found  that  two  kinds  of  crystals  are  formed  during  the  evaporation  of  aq.  soln. 
— (i)  slender  needles  which  exhibit  feeble  polarization,  and  are  coloured  green  by 
potassium  manganate  with  which  they  are  isomorphous  ; and  (ii)  prisms  which 
exhibit  strong  polarization  and  are  not  coloured  by  potassium  manganate. 
J.  W.  Retgers  considered  that  the  first  kind  of  crystals  are  rhombic  and  are  pseudo- 
hexagonal  ; and  the  second  kind  are  probably  monoclinic.  It  is  not  improbable 
that  anhydrous  and  dihydrated  crystals  are  here  in  question.  F.  M.  Jager  found 
the  sp.  gr.  of  the  molten  salt  at  6°f 4°,  between  925°  and  1520-3°,  to  be  best  repre- 
sented by  Z)=3-113— 0-00082(0— 1000) +0-06l  62(0— 1000)2- — vide  infra  for  data. 
F.  M.  Jager  and  J.  Kahn,  and  W.  Herz  made  observations  on  this  subject.  I.  Traube 
found  the  sp.  gr.  of  soln.  with  2-42,  6-57,  8-72,  and  16-19  per  cent,  of  the  salt  to  be 
respectively  1-0202,  1-0575,  1-0781,  and  1-1518,  at  15°.  I.  Traube  found  the  drop- 
weight  of  the  molten  salt  at  its  m.p.  to  be  170  when  that  of  water  at  0°  is  100. 
F.  M.  Jager  found  the  sp.  gr.,  D,  referred  to  water  at  4°,  the  specific  cohesion,  a2 
mgrm.  per  mm.  ; the  surface  tension,  o dynes  per  cm.  ; and  the  surface  energy, 
X ergs  per  sq.  cm.,  of  the  molten  salt  to  be  : 


Dx  9250° 

1051-5° 

1183-2° 

1284-0° 

1408-5° 

1520-3° 

a . 10-34 

9-69 

9-21 

8-78 

8-30 

7-89 

a . 161-0 

145-9 

134-1 

124-6 

114-3 

105-6 

X . 3531 

3275 

3076 

2908 

2723 

2560 

R.  Lorenz  and  W.  Herz  discussed  some  relations  of  the  surface  tension.  G.  Tam- 
mann  found  the  vapour  pressure  of  soln.  19-71,  51-63,  81-77,  and  156-52  grms.  of  the 

normal  salt  in  100  grms.  of  water  at  100°  to  be 
respectively  17-6,  52-0,  96-9,  and  215-4  mm.  below 
that  of  water  at  100°.  F.  Ullik,  and  J.  C.  G.  de 
Marignac  observed  that  when  the  salt  is  heated, 
there  is  a violent  decrepitation  attended  by  the 
loss  of  0-25  to  0-50  per  cent,  of  included  water ; 
the  salt  readily  fuses  at  a red-heat  without  suffer- 
ing any  further  loss.  As  indicated  above,  the 
shattering  of  the  cooling  solid  indicates  a trans- 
formation from  one  form  to  another.  K.  Hiittner 
and  G.  Tammann  observed  a transformation  on 
the  cooling  curve  occurs  between  200°  and  300° ; 
and  M.  Amadori  gave  575°,  F.  Hoermann,  338° ; 
while  H.  S.  van  Klooster  obtained  388°  on  the 
heating  curve.  K.  Hiittner  and  G.  Tammann  gave 
926°  for  the  m.p.  ; J.  A.  M.  van  Liempt,  926°  in  one  case  and  933°  in  another ; 
M.  Amadori,  894°  ; F.  Hoermann,  921°  ; and  H.  S.  van  Klooster,  921°.  J.  A.  M.  van 
Liempt  found  that  potassium  tungstate  is  not  reduced  by  hydrogen  at  1100°,  but  it 
, volatilizes  unchanged.  For  the  luminescence  in  X-rays,  vide  infra,  calcium  tungstate. 
J.  A.  M.  van  Liempt  measured  the  f.p.  of  mixtures  of  potassium  tungstate  and 
tungsten  trioxide  so  far  as  the  solubility  of  the  trioxide  allows — namely  K2O  : W03 
= 1 : 2-5W03.  There  is  a eutectic  at  584°  with  50  per  cent.  W03.  F.  Hoermann’s 
results  are  shown  in  Fig.  35.  J.  A.  M.  van  Liempt  found  that  with  the  system 


Fig.  35. — Freezing-point  Curve  of 
the  System  : K2W0t-W03. 
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Li2W04-K2W04,  there  is  formed  a compound  lithium  potassium  tungstate, 
Li2W04.K2W04,  melting  at  632°,  Fig.  36.  It  gives  a simple  eutectic  with  70  per 
cent,  of  lithium  tungstate  at  579°,  and  with  40  per  cent,  lithium  tungstate  at  607°. 
i J.  A.  M.  van  Liempt’s  curve  for  mixtures  of  sodium  and  potassium  tungstates  is 
shown  in  Fig.  37.  There  is  a minimum  in  the  curve  with  20  per  cent,  of  the  potas- 
sium salt.  According  to  M.  Amadori,  the  f.p.  curve  of  the  binary  system 


Fig.  36. — Freezing-point  Curve  of  the 
System  : Li2W04-K2W04. 


Fig.  37. — Freezing-point  Curve  of  the 
System:  Na2W04-K2W01. 


K2S04-K2W04)  Fig.  38,  is  continuous  with  a slight  minimum  10°  below  the  m.p. 
of  the  tungstate.  The  transformation  point  of  the  tungstate  is  not  visible  with 
mixtures  containing  over  15  molar  per  cent,  of  sulphate.  The  transformation  of  the 
sulphate  follows  a curve  descending  to  482°  for  mixtures  containing  50  molar  per 
cent,  below  which  point  it  can  no  longer  be  followed.  The  f.p.  curve  is  also  con- 
tinuous in  the  system  K2Cr04-K2W04,  Fig.  39,  and  it  is  intermediate  between  the 
m.p.  of  the  two  salts.  The  transformation  points  follow  curves  rising  to  the 
transformation  points  of  the  salts  above,  but  were  not  detected  with  mixtures 
containing  between  15  and  40  per  cent,  of  chromate.  The  curve  in  the  system 


Fig.  38,  39,  and  40. — Freezing-point  Curve  of  Binary  Mixtures  of  Potassium  Tungstate 
with  Potassium  Sulphate,  Chromate  and  Molybdate. 


K2Mo04-K2W04,  Fig.  40,  is  almost  a straight  line  between  the  m.p.  of  the  two  salts. 
The  transformation  point  can  be  detected  only  with  mixtures  rich  in  one  or  other 
constituent.  E.  Blanc  found  that  a O0162A-soln.  of  potassium  tungstate  is  hydro- 
lyzed 0-011  per  cent,  at  25°.  J.  A.  M.  van  Liempt  found  the  sp.  gr.  and  viscosity 
curves  of  mixtures  of  potassium  tungstate  and  potassium  metasilicate,  K2Si03, 
gave  similar  results  to  those  obtained  with  sodium  tungstate  and  orthosilicate — 
vide  supra.  J.  A.  M.  van  Liempt  observed  that  whilst  sodium  tungstate  is  reduced 
by  hydrogen  at  1100°,  this  is  not  the  case  with  potassium  tungstate.  W.  K.  van 
Haagen  and  E.  F.  Smith  found  that  potassium  tungstate  is  attacked  with  difficulty 
by  hydrofluoric  acid.  W.  I.  Baragiola  treated  soln.  of  potassium  tungstate  with 
ammonium  chloride  and  obtained  the  salts  4{|(NH)4.|K}20.11W03.10H20  ; and 
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2{§(NH4).JK}20.5W03.8H20.  H.  Traube  obtained  crystals  of  probably  an 
isomorphous mixture  of  sodium  potassium  2 : 1-tungstate,  K2W04.2Na2W04.14H20. 

Although  cuprous  tungstate,  Cu2W04,  has  not  been  prepared,  H.  Schultze 4 
obtained  what  appeared  to  be  a cuprosic  tungstate  by  melting  together  a mixture  of 
sodium  tungstate,  cuprous  chloride,  and  sodium  chloride  (2:3:4)  and  extracting 
the  cold  mass  with  nitric  acid.  There  remained  white,  and  yellowish-brown, 
quadratic  prisms.  E.  Zettnow  obtained  a pale  brownish-red,  crystalline  powder  of 
Cu2W04.2CuW04,  by  fusing  a mixture  of  equimolecular  parts  of  copper  sulphate 
and  sodium  tungstate,  and  leaching  the  cold  product  with  water.  The  product  was 
oxidized  by  nitric  acid  with  the  evolution  of  nitric  oxide. 

J.  D.  Whitney  described  a mineral  from  La  Paz,  California,  which  he  called 
cuproscheelite  ; M.  Adam  called  it  cuprotungstate.  It  occurred  as  a pistachio- 
green,  olive-green,  or  leek-green,  granular,  crystalline  mass,  or  in  crusts.  It  was 
reported  in  the  copper  mines  of  Llamuco,  Chili,  by  I.  Domeyko ; in  the  Pot  mine, 
S.W.  Africa,  by  H.  Traube  ; and  at  Yeoral,  N.S.W.,  by  G.  W.  Card.  The  analyses 
by  J.  D.  Whitney,  and  I.  Domeyko  show  that  it  is  a mixture  of  calcium  and  copper 
tungstates,  and  it  can  be  represented  by  the  formula  (Ca,Cu)W04.  According  to 
L.  Michel,  and  F.  Fouque  and  A.  Michel-Levy,  the  mineral  can  be  synthesized  by 
melting  together  a mixture  of  cupric  chloride  and  sodium  tungstate  with  an  excess 
of  sodium  chloride.  After  washing  the  cold  product  with  water,  there  remain  pale 
green  prisms  and  octahedra,  which  polarize  light  strongly. 

G.  Tammann  observed  that  when  a mixture  of  equimolecular  proportions  of 
cupric  oxide  and  tungsten  trioxide  is  heated,  the  formation  of  copper  tungstate, 
CuW04,  proceeds  actively  between  600°  and  800°.  According  to  E.  F.  Anthon, 
when  a cupric  salt  is  added  to  a soln.  of  normal  potassium  tungstate,  a light  green 
powder  of  copper  tungstate  is  precipitated.  When  dried  in  air,  its  composition 
corresponds  with  the  dihydrate,  CuW04.2H20.  When  the  dihydrate  is  heated,  it 
turns  yellowish-brown  in  colour  ; fuses  at  a red-heat ; and,  on  cooling,  it  solidifies  to 
a chocolate-coloured,  crystalline  mass  containing  cavities  with  crystalline  geodes. 
The  crystals  are  wine-yellow,  transparent,  six-sided  prisms.  G.  Tammann  gave 
12-1  Cals,  per  mol  for  the  heat  of  formation  of  the  anhydrous  salt,  and  19-0  Cals, 
per  mol  for  that  of  the  dihydrate.  R.  E.  Liesegang  found  that  copper  tungstate  is 
not  sensitive  to  light.  For  the  luminescence  in  X-rays,  vide  infra,  calcium  tungstate. 
E.  F.  Anthon  reported  that  the  precipitated  salt  before  ignition  is  insoluble  in  water, 
but  after  continued  washing,  it  is  peptized,  and  passes  through  the  filter-paper 
rendering  the  filtrate  turbid.  Copper  tungstate  dissolves  in  phosphoric  acid  and 
acetic  acids,  and  in  aq.  ammonia,  but  it  is  insoluble  in  oxalic  acid.  H.  Schiff  found 
that  the  soln.  of  copper  tungstate  in  aq.  ammonia  is  a corrosive  liquid,  which,  when 
slowly  evaporated,  forms  a dirty  blue,  crystalline  crust  of  copper  diammino- 
tungstate,  CuW04.2NH3.H20.  Alcohol  added  to  the  ammoniacal  soln.  precipitates 
the  salt  as  an  amorphous  powder.  When  dried  over  sulphuric  acid,  the  salt  loses 
its  water  without  changing  its  form.  S.  H.  C.  Briggs  prepared  copper  tetrammino- 
tungstate,CuW04.4NH3,  by' precipitating  a hot  soln.  of  7-5  grms.  of  copper  sulphate 
with  10  grms.  of  dihydrated  sodium  tungstate,  washing  the  precipitate  by  decanta- 
tion, and  dissolving  it  in  20  c.c.  of  cold,  cone.,  aq.  ammonia.  A similar  soln.  was 
obtained  by  treating  13  grms.  of  dihydrated  sodium  tungstate  with  nitric  acid, 
dissolving  the  washed  tungstic  acid  in  20  c.c.  of  cone.,  aq.  ammonia  and  adding  it 
to  an  ammoniacal  soln.  of  copper  sulphate.  Either  of  these  soln.  is  filtered  into  a 
bottle,  and  a layer  of  alcohol  allowed  to  diffuse  slowly  into  the  ammoniacal  soln. 
during  several  weeks  while  the  bottle  is  tightly  closed.  This  prevents  the  escape 
of  ammonia  and  avoids  the  formation  of  para  tungstate.  Blue  crystals  of  the 
tetrammine  slowly  deposit.  The  blue  crystals  give  off  ammonia  at  ordinary  temp. ; 
they  dissolve  in  a small  proportion  of  water  ; and  are  easily  dissolved  by  dil.  aq. 
ammonia.  No  ammonium  copper  tungstate  is  formed  however  large  an  excess  of 
ammonium  tungstate  is  employed. 

F.  Wohler  and  F.  Rautenberg  reported  silver  subtungstate,  Ag40.2W03,  to  be 


TUNGSTEN 


783 


formed  by  a method  similar  to  that  employed  for  silver  submolybdate  ( q.v .)  ; but 
W.  Muthmann  showed  that  in  all  probability  the  subtungstate  is  a mixture  of  silver 
and  normal  silver  tungstate,  Ag2W04.  E.  Zettnow,  and  E.  F.  Smith  and 
R.  H.  Bradbury  prepared  the  normal  salt  by  treating  a soln.  of  the  normal  sodium 
salt  with  silver  nitrate.  The  white  precipitate  soon  becomes  yellow.  It  can  be 
washed  without  peptization.  It  should  be  prepared  in  darkness,  and  dried  at  110° 
to  120°.  It  is  not  hygroscopic.  It  melts  below  redness  to  form  a dark  red  liquid, 
which  crystallizes  on  cooling.  The  salt  is  very  sparingly  soluble  in  water  ; and  it 
is  decomposed  by  nitric  acid,  and  by  a hot  soln.  of  sodium  chloride.  The  salt  is 
decomposed  by  heat  and  is  not  a suitable  form  in  which  to  precipitate  tungstates 
for  analytical  work.  A soln.  of  the  normal  salt  in  aq.  ammonia,  when  evaporated 
over  a mixture  of  quicklime  and  ammonium  chloride,  was  found  by  O.  Widman  to 
furnish  tabular  crystals  of  silver  tetramminotungstate,  Ag2W04.4NH3.  It  is  also 
obtained  as  a white  powder  by  the  action  of  ammonia  gas  on  silver  tungstate. 
When  the  tetrammine  is  heated  over  60°,  all  the  ammonia  is  expelled.  The  aq. 
soln.  decomposes  rapidly.  P.  Ray  and  J.  Dasgupta  prepared  a complex  with 
hexamethylenetetramine. 

Normal  calcium  tungstate,  CaW04,  is  represented  by  the  mineral  scheelite  ; and 
this  played  an  important  part  in  the  history  of  our  knowledge  of  tungsten.  The 
observations  of  C.  W.  Scheele,5  J.  G.  Wallerius,  A.  G.  Werner,  C.  von  Linnaeus, 
A.  Cronstedt,  D.  L.  G.  Karsten,  R.  J.  Haiiy,  A.  Breithaupt,  and  C.  C.  Leonhard 
have  been  previously  described  ; the  review  of  the  occurrence  of  tungsten  includes 

i that  of  scheelite.  For  powellite,  Ca(W,Mo)04,  vide  calcium  molybdate.  According 
to  F.  de  Carli,  when  a mixture  of  tungsten  trioxide  and  calcium  oxide  is  heated, 
evidence  of  a thermal  effect  appears  at  245°  ; and  D.  Balareff  said  that  the  maximum 
rise  of  temp,  occurs  at  750°.  W.  Jander  said  that  the  reaction  with  calcium  carbo- 
nate begins  at  600°.  According  to  G.  Tammann,  the  formation  of  calcium  tungstate 
proceeds  actively  between  580°  and  950°.  When  calcium  carbonate  is  heated  with 
tungsten  trioxide,  carbon  dioxide  comes  off  at  temp,  over  510°.  E.  F.  Anthon,  and 
J.  Lefort  obtained  calcium  tungstate  as  a precipitate  by  mixing  soln.  of  normal 
potassium  or  sodium  tungstate  with  a-  feebly  acidified  soln.  of  calcium  chloride. 
A.  de  Schulten  heated  in  a water-bath  soln.  of  10  grms.  of  anhydrous  calcium  chloride 
in  3 litres  of  water  and  1 c.c.  of  cone,  hydrochloric  acid,  and  gradually  added,  drop 
by  drop,  a soln.  of  3 grms.  of  ordinary  sodium  tungstate.  Crystals  of  calcium 

' tungstate  gradually  collect  on  the  bottom  of  the  vessel.  The  crystals  are  larger  if 
more  acid  is  used,  but  they  are  then  coloured  yellow.  L.  Weiss  added  a soln.  of 
calcium  chloride  to  an  ammoniacal  soln.  of  tungstic  acid,  almost  neutralized  with 
acid,  so  long  as  precipitation  occurred ; the  liquid  was  then  feebly  acidified  and  the 
precipitated  calcium  tungstate  washed  and  dried.  E.  Kunau  used  a similar  process. 
N.  S.  Manross  prepared  the  salt  by  melting  a mixture  of  sodium  tungstate  and 
calcium  chloride  at  a red-heat,  and  extracting  the  cold  product  with  water. 

L.  Michel  found  that  if  an  excess  of  sodium  chloride  is  also  used  with  the  mixture, 
larger  crystals  are  obtained.  H.  Debray  obtained  crystals  of  scheelite  by  heating  a 
mixture  of  amorphous  calcium  tungstate  and  quicklime  in  a current  of  hydrogen 
chloride  ; and  A.  Cossa  imitated  the  crystals  of  the  scheelite  of  Traversella  by 
heating  under  sodium  chloride  a mixture  of  amorphous  calcium  tungstate  and 
a little  didymium  salt.  H.  Traube  obtained  the  crystals  as  a sublimate  by  heating 
to  a high  temp,  a mixture  of  the  tungstate  with  sodium  and  potassium  chlorides. 
F.  Zambonini  found  that  the  processes  of  A.  Mace,  and  A.  Drevermann,  used  for 
the  synthesis  of  anglesite — 7.  47,  30 — give  the  best  results  in  preparing  crystals 
of  scheelite.  For  the  preparation  of  phosphorescent  calcium  tungstate,  vide 

• infra.  Analyses  were  reported  by  A.  Carnot,  N.  S.  Manross,  J.  Lefort,  A.  Roemer, 

M.  H.  Klaproth,  R.  Brandes  and  C.  F.  Bucholz,  B.  Setlik,  C.  F.  Rammelsberg, 
F.  A.  Bernoulli,  G.  T.  Bowen,  F.  A.  Genth,  I.  Domeyko,  A.  Delesse,  M.  Choubine, 
J.  J.  Berzelius,  D.  Lovisato,  C.  G.  Hoffmann,  L.  Colomba,  S.  Traverso,  C.  Schmidt, 

i W.  Florence,  J.  Block,  A.  Lacroix,  A.  M.  Findlayson,  J.  Eyerman,  B.  K.  Ahnstrom, 
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and  G.  Carobbi.  Copper,  manganese,  iron,  and  tin  oxides  may  be  present,  as  well 
as  some  chlorine  and  fluorine.  According  to  H.  Traube,  molybdenum  is  usually 
present  in  scheelite,  and  it  replaces  part  of  the  tungsten.  In  the  specimens  he 
examined,  up  to  8-23  per  cent.  Mo03  was  observed.  The  amount  varies  with 
crystals  from  the  same  localities.  The  white  and  yellow  varieties  contained  least, 
and  the  dark  coloured  varieties  most.  The  proportion  of  molybdenum  probably 
affects  the  angles  of  the  crystals.  L.  G.  Igelstrom  also  reported  the  presence  of 
molybdenum  in  scheelite ; A.  Carnot -found  about  0-4  per  cent,  of  tantalic  oxide 
in  scheelite  from  Meymac,  Correze ; and  A.  Cossa  found  didymium,  cerium, 
and  lanthanum  oxides ; the  spectra  showed  strong  absorption  bands  of  these 
oxides  ; and  C.  de  Rohden  found  the  presence  of  samarium,  erbium,  terbium, 
europium,  neodymium,  and  praseodymium  salts  in  scheelite.  G.  T.  Lindroth 
found  copper,  molybdenum,  and  bismuth  ; G.  Carobbi,  molybdenum,  tantalum, 
columbium,  and  the  rare  earths.  Precipitated  calcium  tungstate  is  an  amor- 
phous white  powder ; scheelite  occurs  in  white,  yellowish-white,  pale  yellow, 
brownish-yellow,  greenish-yellow,  reddish-yellow  or  orange-yellow  granular  masses, 
in  reniform  masses  with  a columnar  structure,  or  in  tetragonal,  bipyramidal  crystals 
which,  according  to  H.  Dauber,  have  the  axial  ratio  a : c=l  : 1-5356  ; H.  Traube 
gave  1 : 1-5315  ; H.  Dauber,  1 : 1-5329  to  1-5355  ; G.  vom  Rath,  1 : 1-5364 ; 
V.  R.  von  Zepharovich,  1 : 1-5349 ; L.  Colomba,  1 : 1-53798 ; and  F.  Zamhonini, 
1 : 1-5300.  There  may  be  pyramidal  hemihedrism.  The  habit  may  be  octahedral 
or 'tabular.  There  may  be  contact  and  penetration  twinning  about  the  (lOO)-plane. 
The  (001  )-f aces  may  be  rough,  and  the  (lOl)-faces  striated.  The  faces  of  the  twins 
may  show  feather-like  striations  meeting  in  a median  line.  , The  (lll)-cleavage  is 
most  distinct ; the  (lOl)-cleavage  is  interrupted.  E.  Hugi  studied  the  corrosion 
figures.  The  crystals  were  described  by  F.  A.  Genth,  M.  Bauer,  H.  Traube, 
C.  F.  Rammelsberg,  C.  Schmidt,  G.  Flink,  L.  Colomba,  J.  Block,  C.  Anderson, 
A.  Serra,  S.  Koch,  T.  Hiortdahl,  A.  Russell,  A.  Roemer,  A.  de  Schulten,  E.  Hugi, 
P.  Berberich,  etc.  J.  W.  Retgers  discussed  the  isomorphism  of  the  alkaline  earth 
molybdates,  tungstates,  sulphates,  selenates,  and  chromates.  R.  G.  Dickinson 
found  that  the  X-radiogram  corresponds  with  a face-centred  lattice  with  the  atoms  so 
located  as  to  give  a diamond  arrangement.  The  arrangement  of  the  atoms  is  the 
same  as  in  the  case  of  lead  molybdate  ( q.v .)  with  calcium  in  place  of  lead,  and 
tungsten  in  place  of  molybdenum — Fig.  23,  11.  61,  11.  The  calculated  sp.  gr.  is 
6-06,  and  the  edge  of  the  unit  cell  of  8 mols.  is  a— 22-80  A.  F.  M.  Jager  and  H.  Haga 
made  some  observations,  on  the  X-radiograms,  and  attributed  the  high  degree 
of  symmetry  to  twinning.  L.  Vegard  gave  for  the  lattice  dimensions  of  scheelite, 
which  is  of  the  rutile  type,  a=7-44  A.,  and  c=ll-35  A.,  and  for  the  ionic  diameter 
1-125  A.  M.  L.  Huggins  made  some  observations  of  the  structure  of  the  crystals. 

E.  Tiede  and  A.  Schleede  also  studied  the  X-radiogram.  T.  Barth  said  that  the  unit 
tetragonal  cell  contains  four  mols.  of  CaW04  and  has  a=5-26  A.,  c=ll-41  A.,  and 
a : c= 1 : 2-17  ; on  the  other  hand,  L.  Vegard  inferred  that  the  unit  cell  has  8 mols. 
CaW04,  a=7-44  A.,  c=dl-35  A.,  and  a : c— 1 : 1-537  ; L.  Vegard  and  A.  Refsum 
gave  a=7-44  A.,  c=ll-35  A. ; the  radius  of  the  oxygen  atom  is  1-125  A.,  of  the 
metal  in  W04,  1-04  A.,  and  of  the  positive  ion,  1-11  A.  N.  S.  Manross  gave  6-076 
for  the  sp.  gr.  of  calcium  tungstate  ; A.  de  Schulten,  5-542  at  15°  ; C.  J.  B.  Karsten, 
6-04  ; F.  A.  Bernoulli,  6-02  ; C.  F.  Rammelsberg,  6-03  ; and  F.  Zambonini,  6-0620. 

F.  A.  Henglein  discussed  the  mol.  vol.  —47-53.  H.  Traube  found  that  the  sp.  gr.  of 
the  samples  of  scheelite  he  examined  ranged  from  5-88  to  6-12.  J.  J.  Saslawsky 
calculated  a contraction  of  0-51  to  0-54  in  the  formation  of  scheelite  from  its  elements. 
The  hardness  ranges  from  4-5  to  5-0.  E.  Cane  gave  0-104  for  the  sp.  ht. 
M.  D.  Draper,  A.  D.  Cox,  and  J.  J.  Rubber  devised  methods  for  estimating  the 
percentage  amount  of  tungsten  trioxide  in  scheelite  ores  from  sp.  gr.  determinations. 
M.  D.  Draper  found  : 

Sp.  gr.  3-00  3-50  4 00  4-50  5-00  5-50  0 00 
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E.  Jannetaz  found  the  ratio  of  the  heat  conductivities  of  scheelite  a/y  to  be  0-9. 
D.  Vorlander  and  H.  Hempel  observed  no  transformation  points  on  the  heating  curve 
of  calcium  tungstate.  H.  Kopp  gave  0-0927  for  the  sp.  ht.  between  19°  and  58°. 
G.  Tammann  gave  39-8  Cals,  per  mol  for  the  heat  of  formation  from  its  constituent 
oxides.  A.  des  Cloizeaux  gave  for  the  indices  of  refraction  for  red-light,  o>— 1-918- 
1-919,  and  6=1-934-1-935  ; the  optical  character  is  positive.  F.  Zambonini  gave 
for  the  light  of  wave-length  A, 

667  C-line  623  P-line  570  533  .E-line  475 

1-9107  1-9124  1-9159  1-9200  1-9208  1-9273  1-9298  1-9344 

1-9263  1-9281  1-9321  1-9365  1-9375  1-9442  1-9368  1-9525 

0-0156  0-0157  0-0162  0-0165  0-0167  0-0169  0-0170  0-0181 

Hence  the  dispersion  increases  regularly  from  the  red  to  the  violet ; and  it  is  stronger 
for  the  ordinary  than  for  the  extraordinary  ray.  F.  Zambonini  also  examined  the 
optical  constants  of  mixtures  of  calcium  and  cerous  tungstates,  and  showed  that  the 
two  salts  furnish  isomorphous  mixtures.  E.  F.  Anthon  said  that  calcium  tungstate 
is  insoluble  in  water ; but  J.  Lefort  found  that  100  parts  of  water  at  15°  dissolve 
0-2  part  of  calcium  tungstate.  E.  F.  Smith  and  R.  H.  Bradbury  did  not  get  good 
results  when,  for  analytical  purposes,  the  tungstates  are  precipitated  in  the  form  of 
calcium  tungstate.  E.  F.  Smith  found  that  scheelite  dissolves  when  it  is  heated 
with  sulphur  monochloride. 

G.' Ogden  prepared  calcium  tungstate  for  use  as  screens  which  become  luminous 
when  exposed  to  X-rays.  The  luminescence  was  discussed  by  E.  Kunau,  T.  H.  Tsao, 
and  F.  R.  van  Horn.  W.  Arnold  found  that  while  the  mineral  scheelite  exhibits  a 
strong  blue  fluorescence  when  exposed  to  X-rays,  the  freshly-prepared  and  ignited 
calcium  tungstate  is  only  feebly  luminescent,  but  it  is  more  luminescent  if  it  has  been 
heated  in  the  oxhydrogen  flame.  A solid  soln.  of  copper  tungstate  in  calcium 
tungstate  is  as  luminous  as  scheelite ; manganese  tungstate  acts  like  the  copper 
salt.  The  tungstates  of  sodium,  potassium,  strontium,  barium,  and  zinc ; 
wolframite,  ferberite,  and  the  different  tungstate-bronzes,  are  not  luminous  when 
exposed  to  the  X-rays.  K.  Keilhack,  F.  Dreuschuch,  R.  J.  Strutt,  K.  Ended, 
G.  F.  Kunz  and  C.  Baskerville,  P.  Schuhknecht,  F.  E.  Swindells,  and  C.  H.  Boisse- 
vain  and  W.  F.  Drea  also  studied  the  X-ray  luminescence  of  the  alkaline  earth 
tungstates.  W.  Ducca,  and  W.  Lowinthal  studied  the  action  of  luminophores — 
i e.g.  traces  of  manganese,  copper,  or  bismuth  salts — in  enhancing  the  fluorescence  of 
: calcium  tungstate  when  exposed  to  X-rays.  The  presence  of  ig^ooth  part  of  a 
bismuth  salt  gave  the  best  results.  The  spectrum  of  the  blue  fluorescence  of  calcium 
tungstate  containing  a trace  of  a bismuth,  manganese  or  copper  salt  shows  feeble 
spectral  bands  in  the  blue  violet ; and  when  the  tungstate  contains  a trace  of  a silver, 
gold,  nickel,  cadmium,  antimony,  or  lead  salt,  the  fluorescence  is  green.  Calcium 
! tungstate  exhibits  no  thermoluminescence  at  room  temp. ; but  when  it  is  cooled  to 
—192°,  exposed  to  X-rays,  and  its  temp,  allowed  to  rise,  it  becomes  luminescent, 
the  glow  is  then  extinguished,  and  as  the  temp,  still  continues  to  rise,  a second 
luminescence  appears.  A small  amount— say  0-1  grm. — shows  only  one  thermolu- 
minescence.  The  luminescence  of  calcium  tungstate  in  cathode  rays  resembles  that 
produced  by  X-rays.  J.  O.  Perrine  studied  the  ultra-violet  spectrum  excited  by 
\ X-rays  ; F.  E.  Swindells,  and  K.  Becker  and  H.  Becker-Rose,  the  fluorescence  in 
the  X-rays.  W.  Jander  gave  for  the  electrical  conductivities,  11-6  XlO-6, 
3-2 xlO-6,  and  1-3  XlO-6,  respectively  at  1157°,  1072°,  and  994°. 

A.  Radiguet  used  scheelite  in  making  fluorescent  screens  for  X-rays ; and 
M.  G.  Bogoslovsky  and  co-workers  recommended  adding  0-01  to  0-5  per  cent,  of  tin 
oxide  to  calcium  tungstate  used  for  fluorescent  screens ; and  A.  Schleede  and 
T.  H.  Tsao  showed  that  when  commercial  tungstic  acid  or  ammonium  tungstate  is 
purified  by  alternate  treatment  with  cone,  hydrochloric  acid,  or  aqua  regia,  and  soda- 
lye  or  aq.  ammonia,  and  then  converted  into  calcium  tungstate  by  treatment  with 
calcium  chloride  and  ignition  at  1000°,  the  X-ray  fluorescence  is  about  equal  to  that 
of  the  best  technical  specimens,  whilst  phosphorescence  is ‘sometimes  present, 
VOL.  xi.  3 E 
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sometimes  absent.  The  latter  property  is  inhibited  by  addition  of  calcium  molyb- 
date, but  the  fluorescence  is  sensibly  diminished.  Similar  preparations  are  obtained 
from  ammonium  tungstate  and  calcium  chloride  in  very  dil.  soln.  Calcium  tungstate, 
prepared  from  repeatedly  crystallized  sodium  tungstate  and  calcium  chloride,  still 
exhibited  phosphorescence,  but  a non-phosphorescent  material  resulted  when  re- 
crystallized ammonium  tungstate  was  used  as  initial  material.  The  residues  obtained 
from  the  mother-liquors  from  the  ammonium  tungstate  contained  arsenic  and  molyb- 
denum. The  addition  of  ammonium  arsenate  to  ammonium  tungstate,  previous  to 
precipitation  with  calcium  chloride,  leads  to  preparations  with  good  fluorescence  but 
marked  phosphorescence  ; similar  results  are  induced  by  ammonium  antimonate. 
Ammonium  molybdate  does  not  induce  phosphorescence.  H.  Hirschi,  and  K.  Endell 
observed  the  luminescence  of  scheelite  when  the  mineral  is  exposed  to  radium  rays  ; 
and  A.  Pochettino,  when  it  is  exposed  to  cathode  rays.  F.  C.  Henrici  and 
J.  F.  L.  Hausmann,  and  T.  A.  L.  du  Moncel  said  that  scheelite  is  a conductor,  and 
E.  Wartmann,  and  F.  Beijerinck,  that  it  is  a non-conductor  of  electricity. 
E.  E.  Fairbanks  gave  7-7  (water  81)  for  the  dielectric  constant  of  scheelite ; and 
H.  Saegusa  studied  this  subject. 

E.  F.  Anthon  obtained  normal  strontium  tungstate,  SrW04,  by  mixing  soln. 
of  a strontium  salt  with  normal  potassium  or  sodium  tungstate ; or  by  boiling 
freshly-precipitated  strontium  carbonate  with  tungstic  acid  and  water.  J.  Lefort 
used  soln.  of  strontium  acetate  and  normal  sodium  tungstate.  H.  Schultze,  and 
E.  Zettnow  prepared  the  crystals  of  the  salt  by  melting  mixtures  of  sodium  tungstate, 
strontium  chloride,  and  sodium  chloride.  L.  Michel  recommended  an  excess  of  the 
flux — sodium  chloride.  G.  Tammann  observed  that  when  strontium  carbonate  is 
heated  with  tungsten  trioxide,  carbon  dioxide  is  expelled,  and  strontium  tungstate 
is  formed.  Strontium  tungstate  appears  as  a white,  amorphous  powder  ; and 
A.  Cossa  described  the  crystals  as  tetragonal  bipyramids  with  the  axial  ratio 
a : c=l  : 1-5582.  E.  K.  Broch  calculated  from  the  X-radiogram  the  space-lattice 
with  «=5-405  A.,  c=ll-90  A.,  a : c=l  : 2-202  ; and  density,  6-372.  F.  Zambonini 
gave  6-184  for  the  sp.  gr.  F.  A.  Henglein  gave  54-27  for  the  mol.  vol.  When  the 
voluminous  powder  is  heated  to  redness,  it  becomes  incandescent,  and  is  afterwards 
compact.  It  remains  white  after  being  heated  to  redness.  G.  Tammann  gave 
56-4  Cals,  for  the  heat  of  formation  per  mol.  W.  Jander  gave  for  the  electrical 
conductivities  107  x 10~6,  62-5  X 10-6,  and  5-8  X 10~6  respectively  at  1040°,  900°,  and 
733°.  E.  F.  Anthon  said  that  strontium  tungstate  is  insoluble  in  water,  but  J.  Lefort 
found  that  100  parts  of  water  at  15°  dissolve  0-14  part.  E.  F.  Anthon  found  that 
strontium  tungstate  is  soluble  in  a boiling  soln.  of  oxalic  acid,  and,  on  cooling,  the 
liquid  becomes  turbid.  E.  F.  Smith  and  R.  H.  Bradbury  found  that  the  salt  is 
easily  decomposed  when  heated  and  is  not  therefore  a suitable  form  in  which  to 
precipitate  tungsten  for  analysis. 

F.  de  Carli  found  that  a mixture  of  barium  and  tungsten  oxides  when  heated 
shows  a thermal  effect  at  190°  ; and  G.  Tammann  observed  that  the  two  oxides 
unite  to  form  barium  tungstate,  BaW04,  between  300°  and  550°.  The  subject  was 
discussed  by  W.  Jander.  J.  A.  Hedvall  and  N.  von  Zweigbergk  found  that  with  a 
mixture  of  barium  dioxide  and  tungsten  trioxide,  oxygen  begins  to  come  off  at 
250°  ; and  the  greatest  reaction  velocity  in  forming  tungstate  is  between  450°  and 
525°.  The  subject  was  studied  by  W.  Jander,  who  found  that  the  reaction  with 
barium  carbonate  begins  at  300°.  E.  F.  Anthon,  and  A.  Cossa  obtained  the  salt 
by  mixing  soln.  of  a barium  salt  and  of  normal  potassium  or  sodium  tungstate, 
or  by  boiling  barium  carbonate  with  water  and  tungstic  acid.  J.  Lefort  obtained 
this  tungstate  by  mixing  aq.  soln.  of  barium  acetate  and  normal  sodium  tungstate, 
the  washed  product  is  heated  to  drive  off  the  combined  water.  A.  Geuther  and 
E.  Forsberg,  and  E.  Zettnow  obtained  crystals  of  the  salt  by  melting  a mixture 
of  normal  sodium  tungstate,  barium  chloride,  and  sodium  chloride,  slowly  cooling 
the  liquid,  and  washing  out  the  soluble  matters  with  water.  L.  Michel  recom- 
mended using  an  excess  of  sodium  chloride  as  a flux.  A.  Cossa  found  that  the 
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white,  tetragonal,  bipyramidal  crystals  have  the  axial  ratio  a : c=l  : 1-6046. 

I.  I.  Navano  and  J.  Palacios’  X-radiograms  of  this  salt  indicated  the  existence  of 
4 mols.  in  the  elementary  parallelopipedal  cell.  L.  Yegard  and  A.  Refsum 
gave  o=7-908  A.,  c=12-689  A.,  a : c= 1 : 1-605  ; the  radius  of  the  oxygen  atom  is 
1-24  ; of  the  metal  in  W04,  1-03  ; and  of  the  positive  ion,  1-21  A.  F.  Zambonini 
gave  6-35  for  the  sp.  gr.,  and  F.  W.  Clarke  and  J.  L.  Davis,  5-0422  at  15°. 
F.  A.  Henglein  gave  60-69  for  the  mol.  vol.  E.  Zettnow  found  that  the  salt  fuses 
with  difficulty,  and  becomes  incandescent  at  a red-heat.  G.  Tammann  gave  73-5 
Cals,  for  the  heat  of  formation  per  mol.  ; J.  A.  Hevdall  and  N.  von  Zweigbergk 
gave  80  Cals.  For  the  luminescence  when  exposed  to  X-rays,  vide  supra,  calcium 
tungstate.  W.  Jander  obtained  for  the  electrical  conductivity,  36-6  Xl0“6, 
6-9x10“ and  1-8  Xl0“6  respectively  at  1123°,  994°,  and  815°.  The  salt  is  not 
changed  by  exposure  to  air,  and  J.  Lefort  found  it  to  be  sparingly  soluble  in  water. 

E.  F.  Smith  and  R.  H.  Bradbury  said  that  it  is  more  soluble  in  ammonium  nitrate 
soln.  than  it  is  in  water  ; and  that  the  salt  is  a suitable  form  in  which  to  precipitate 
tungsten  for  analysis.  E.  Zettnow  said  that  the  salt  is  decomposed  by  fusion  with 
sodium  carbonate,  and  A.  Geuther  and  E.  Forsberg,  by  boiling  it  with  nitric  acid. 
C.  Scheibler  reported  octahedral  crystals  of  the  hemihydrate,  BaW04.|H20,  to  be 
formed  when  the  mother-liquor  obtained  in  the  preparation  of  sodium  barium 
tungstate  is  treated  with  baryta-water,  and  the  precipitate  filtered  and  washed ; 

i it  is  also  formed  by  treating  a soln.  of  barium  metatungstate,  or  of  metatungstic 
acid  with  baryta- water.  'E.  Pechard  reported  the  dihydrate,  BaW04.2H20,  to  be 
formed  by  the  action  of  an  eq.  of  metatungstic  acid  on  baryta  water ; he  also 
obtained  a tetrahydrate,  BaW04.4H20,  in  a similar  manner.  E.  Zettnow  obtained  a 
hemipentahydrate,  BaW04.2JH20,  by  adding  barium  chloride  to  a soln.  obtained  by 
boiling  sodium  dodecatungstate  with  acetic  acid  and  hydrochloric  acid  as  long  as 
precipitation  occurs.  The  amorphous,  voluminous  precipitate  is  washed  by 
decantation,  and  dried  at  30°  to  40°.  L.  Kahlenberg  and  W.  J.  Trautmann  found 
that  silicon  reacts  with  difficulty  with  bariuru  tungstate,  yielding  a slag  and  a few 
small  globules  of  what  is  probably  a silicide. 

C.  Scheibler  reported  a beryllium  tungstate  to  be  formed  by  crystallization 
from  a syrupy  soln.  G.  Tammann  observed  no  singular  point  on  the  heating  curve 
obtained  from  a mixture  of  beryllium  oxide  and  tungsten  trioxide.  F.  de  Carli 
obtained  no  singular  point  on  the  heating  curve  of  mixtures  of  magnesia  and 
tungsten  trioxide,  but  G.  Tammann  observed  that  magnesium  tungstate,  Mg W 04, 
is  formed  between  300°  and  600°,  and  this  is  shown  by  a hump  on  the  heating  curve. 
A.  Geuther  and  E.  Forsberg  obtained  the  anhydrous  salt  by  a mixture  of  sodium 
tungstate,  magnesium  chloride,  and  sodium  chloride.  L.  Michel  recommended 
an  excess,  of  sodium  chloride.  The  crystals  were  also  prepared*  by  N.  S.  Manross, 
and  Y.  M.  Goldschmidt.  Octahedral  and  columnar  crystals  can  be  isolated  by 
washing  the  product.  The  crystals  were  examined  by  F.  Machatschky,  and 
V.  M.  Goldschmidt.  The  monoclinic  prisms  have  the  axial  ratios  a :h : c 
=0-8263  : 1 : 0-8703,  and  jS=89°  40'.  From  the  X-radiograms,  E.  K.  Broch 
found  a : b : c=4-67  : 5-66  : 4-92,  and  /3=89°  35',  or  a : b : c=0-828  : 1 : 0-871 — 

F.  Machatschky  gave  0-8263  : 1 : 0-8703,  and  /3=89°  40'.  The  monoclinic  crystals 
have  two  MgW04  mols.  per  unit  cell,  and  the  sp.  gr.  is  5-66.  The  crystals  are  decom- 
posed when  heated  with  nitric  acid.  F.  Ullik  said  that  the  salt  does  not  melt  at  a 
bright  red-heat.  G.  Tammann  gave  3-4  Cals,  for  the  heat  of  formation  per  mol 
from  its  constituent  oxides.  W.  Jander  obtained  about  0-02  x 10“6  for  the  electrical 
conductivity  of  the  salt  at  800°  ; and  he  obtained  values  for  the  diffusion  coefl. 

J.  Lefort  reported  a trihydrate,  MgW04.3H20,  to  be  formed  by  mixing  soln.  of  normal 
sodium  tungstate  and  magnesium  acetate  in  eq.  proportions  in  the  presence  of 
alcohol.  The  white,  amorphous  powder  remains  white  when  gradually  heated ; 
it  is  very  soluble  in  water,  and  almost  insoluble  in  alcohol.  The  aq.  soln.  forms  a 
syrup  when  evaporated,  but  does  not  crystallize.  F.  Ullik  obtained  a heptahydrate, 
MgW04.7H20,  by  boiling  tungstic  acid  and  magnesium  carbonate  suspended  in 
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water.  The  clear,  filtered  soln.  on  cooling  deposits  lustrous  prisms  which  dissolve 
a little  in  cold  water,  but  freely  in  hot  water.  They  lose  water  when  heated. 
F.  Rodolico  obtained  a complex  MgW04.X.10H20  with  hexamethylenetetramine. 
According  to  F.  Ullik,  if  a cone.  aq.  soln.  of  the  heptahydrate  be  mixed  with  a soln. 
of  potassium  tungstate,  a white  precipitate  of  potassium  magnesium  tungstate  of 
variable  composition  is  formed.  If  a soln.  of  eq.  proportions  of  the  two  salts  be 
evaporated,  the  product  also  has  a variable  composition,  although  on  one  occasion 
the  composition  approximated  K2WO4.MgWO4.2H2O. 

A.  Geuther  and  E.  Forsberg  melted  a mixture  of  sodium  tungstate,  zinc  chloride, 
and  sodium  chloride,  and  leached  the  product  with  boiling  water ; there  remained 
colourless  crystals  of  zinc  tungstate,  ZnW04,  considered  to  be  isomorphous  with 
calcium  tungstate.  E.  Zettnow,  and  L.  Michel  also  prepared  the  salt  and  supposed 
it  to  furnish  rhombic  crystals.  E.  K.  Broch  observed  that  the  crystals  are  monoclinic 
like  those  of  the  magnesium  salt.  L.  A.  Hallopeau  also  obtained  this  salt  by 
heating  a mixture  of  sodium  paratungstate  and  powdered  zinc,  and  washing  the 
cold  product  with  water.  E.  K.  Broch  found  that  the  X-radiograms  corresponded 
with  a space-lattice  having  o=4-68  A.,  6=5-73  A.,  c=4-95,  and  /3=89°  30',  with 
the  axial  ratios  a : 6 : c=0-817  : 1 : 0-864,  and  the  calculated  density  7-79.  For  the 
luminescence  of  zinc  tungstate,  vide  supra,  calcium  tungstate.  J.  Lefort  found  that 
the  hydrate,  ZnW04.H20,  is  formed  by  double  decomposition  as  in  the  case  of  calcium 
tungstate,  and  he  added  that  the  product  is  slightly  soluble  in  water.  W.  Jander 
obtained  8-5  x 10— 6 for  the  electrical  conductivity  at  1000°,  and  1-1 X 10-6  at  850°  ; 
and  he  also  calculated  values  for  the  diffusion  coeff.  S.  H.  C.  Briggs  obtained  zinc 
tetramminotungstate,  ZnW04.4NH3.3H20,  as  in  the  case  of  the  copper  salt,  by 
allowing  a mixture  of  an  ammoniacal  soln.  of  zinc  and  ammonium  tungstates 
gradually  to  diffuse  into  alcohol.  The  tetrahedral  crystals  gradually  give  off 
ammonia  at  ordinary  temp.  F.  de  Carli  found  that  when  a mixture  of  cadmium 
oxide  and  tungsten  trioxide  is  heated,  evidence  of  combination  "occurs  at  250°; 
and  W.  Jander  studied  the  action  of  solid  cadmium  and  magnesium  oxides  on  solid 
zinc  tungstate,  Mg0+ZnW04=Zn0+MgW04,  etc.  A.  Geuther  and  E.  Forsberg, 
and  L.  Michel  obtained  cadmium  tungstate,  CdW04,  by  the  method  employed  for  the 
zinc  salt.  E.  Zettnow  also  obtained  the  salt  by  a similar  process,  and  described 
the  product  as  a canary-yellow  powder  consisting  of  rhombic  octahedra. 
E.  F.  Anthon  obtained  the  dihydrate,  CdW04.2H20,  as  a white  powder,  by  treating 
a soln.  of  a cadmium  salt  with  sodium  or  potassium  tungstate.  It  loses  its  water 
when  heated,  and  it  is  soluble  in  phosphoric,  and  oxalic  acids,  and  in  aq.  ammonia, 
but  not  in  water.  E.  F.  Smith  and  R.  H.  Bradbury  said  that  after  the  tungstate 
has  been  heated  it  is  not  soluble  in  acids  ; and  they  found  the  salt  a suitable  form 
in  which  to  precipitate  tungstates  for  the  quantitative  determination  of  tungsten. 
W.  Jander  obtained  for  the  electrical  conductivity  of  the  cadmium  salt  202  Xl0-e, 
64-5  XlO-6,  and  2-8xl0— 6 respectively  at  1043°,  942°,  and  761°.  W.  Jander 
studied  the  reaction  : MgO-f-  CdW04=CdO-f  MgW04.  J.  R.  Partington  discussed 
the  fluorescence  and  phosphorescence  of  the  salt.  W.  Jander  studied  the  action  of 
magnesium  oxide  on  solid  cadmium  tungstate. 

E.  F.  Anthon  obtained  mercurous  tungstate,  Hg2W04,  as  a yellow  precipitate 
by  mixing  a soln.  of  mercurous  nitrate  and  sodium  tungstate.  When  dried,  it  is 
dark  yellow,  and  after  calcination,  tungsten  trioxide  remains.  J.  J.  Berzelius 
examined  the  salt  as  a means  of  quantitatively  determining  tungsten.  E.  F.  Anthon 
added  that  the  yellow  salt  appears  at  first  tasteless,  but  after  a time  it  has  a weak, 
metallic  taste.  J.  Lefort  found  that  mercuric  tungstate,  HgW04,  is  precipitated 
by  adding  a neutral  soln.  of  mercuric  acetate  to  a sat.  soln.  of  sodium  tungstate* 
The  straw-yellow  product  becomes  lemon-yellow  when  dried.  It  is  not  very  stable, 
and  is  decomposed  when  washed  for  a long  time  with  water  ; it  is  sparingly  soluble 
in  water.  E.  F.  Anthon  found  that  if  ammonium  ditungstate  and  neutral  mercuric 
nitrate  soln.  be  mixed,  a white  precipitate  approximating  ammonium  mercuric 
tungstate,  (NHi^WOi.HgWC^.^O,  is  formed.  It  can  be  dried  at  100°,  but  at 
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200°-250°  it  gives  off  water  and  ammonia,  leaving  a mixture  of  mercuric  and 
tungsten  oxides.  It  is  insoluble  in  water,  and  is  decomposed  by  alkali-lye,  and 
acids. 

The  borotung  states  were  discussed  in  connection  with  the  borates — 5.  32,  15. 
G.  Tammann  6 observed  that  when  a mixture  of  alumina  and  tungsten  trioxide  is 
heated,  no  evidence  of  the  formation  of  a compound  is  shown  on  the  heating  curve  ; 
but  F.  A.  Bernoulli  haated  a mixture  of  a mol  of  alumina  with  3 mols  of  tungsten 
trioxide  in  a porcelain  o\en  for  18  hrs.  and  obtained  a crystalline  mass,  presumably 
aluminium  tungstate,  A1203.3W03,  or  A12(W04)3.  E.  F.  Anthon  obtained  a pre- 
cipitate of  the  hydrate  by  adding  sodium  tungstate  to  a soln.  of  an  aluminium  salt. 
W.  Lotz  found  that  the  precipitate  is  insoluble  in  water,  and  in  a soln.  of  sodium 
tungstate,  but  it  is  soluble  in  aq.  ammonia,  and  in  soln.  of  alum,  sodium  hydroxide, 
and  phosphoric  and  oxalic  acids.  J.  Lefort  said  that  when  a soln.  of  alum  is 
poured  into  a soln.  of  normal  sodium  tungstate,  the  octoliydrate,  A12(W04)3.8H20, 
is  precipitated  as  a white,  voluminous  mass.  100  parts  of  water  at  15°  dissolve 
0-0667  part  of  the  octohydrate.  Complex  aluminophosphatotungstates,  alumino-. 
arsenatotungstates,  and  aluminoantimonatotungstates  have  been  prepared  ; and 
also  complex  aluminotungstates.  Thus,  by  boiling  a mixture  of  aluminium 
hydroxide  and  a soln.  of  ammonium  paratungstate,  C.  W.  Balke  and  E.  F.  Smith 
obtained  ammonium  aluminotungstate,  3(NH4)20.A1203.9W03.4H20,  as  a dense, 
highly  refractive  syrup,  which,  on  drying,  leaves  a translucent  mass.  The  dry, 
powdered  salt  dissolved, in  cone,  nitric  acid  ; precipitation  did  not  occur,  even  upon 
boiling.  The  salt  was  soluble  also  in  cone,  hydrochloric  acid  without  the  pro- 
duction, in  the  cold,  of  a precipitate,  but  when  the  soln.  was  vigorously  boiled  a 
yellow-coloured  precipitate  separated.  Mercurous  nitrate  produced,  in  its  aq. 
soln.,  a yellowish-white-coloured  precipitate.  The  precipitate  caused  by  barium 
chloride  was  almost  insoluble  in  hot  water.  After  drying,  acids  failed  to  dissolve 
it.  In  a slightly  ammoniacal  soln.  of  the  salt,  silver  nitrate  produced  a yellowish- 
white  precipitate,  soluble  in  a large  vol.  of  hot  water.  L.  C.  Daniels  prepared 
copper  aluminotungstate,  2Cu0.Al203.9W03.16|H20,  by  adding  a cone.  soln.  of 
ammonium  aluminotungstate  to  a 10  per  cent.  soln.  of  copper  sulphate ; or  to  an 
ammoniacal  soln.  of  cupric  hydroxide.  C.  W.  Balke  and  E.  F.  Smith  added  silver 
nitrate  to  an  ammoniacal  soln.  of  ammonium  aluminotungstate,  and 
obtained  a yellowish-white  precipitate  of  ammonium  silver  aluminotungstate, 
llAg20.21(NH4)20.4Al203.36W03.  The  precipitate  obtained  by  adding  barium 
chloride  to  a soln.  of  ammonium  aluminotungstate  was  found  by  L.  C.  Daniels  to 
be  barium  aluminotungstate,  8Ba0.Al203.9W03.7H20  ; while  a soln.  of  zinc  oxide 
in  aq.  ammonia  gives  a white  precipitate  of  zinc  aluminotungstate,  Zn0.Al203. 
9WO3.20H2O  ; and  with  mercurous  nitrate,  a pale  yellow  flocculent  precipitate  of 
mercurous  aluminotungstate,  5Hg20.Al203.9W03,  was  formed.  A.  Rogers  and 
E.  F.  Smith  treated  a soln.  of  ammonium  aluminotungstate  with  mercurous  nitrate 
and  obtained  a yellowish-white  precipitate  supposed  to  be  an  ammonium 
mercurous  aluminotungstate. 

C.  Renz  7 obtained  indium  tungstate,  In2(W04)3.8H20,  by  adding  a soln.  of 
sodium  tungstate  to  one  of  an  indium  salt.  The  white  precipitate  dries  to  a horny 
mass.  H.  Flemming  obtained  thallous  tungstate,  T12W04,  by  mixing  soln.  of 
normal  sodium  tungstate  and  a thallous  salt ; or  by  boiling  tungstic  acid  and 
thallous  carbonate.  The  precipitate  consists  of  microscopic,  highly  refracting, 
six-sided  plates.  P.  S.  Oettinger  added  that  the  precipitate  is  insoluble  in  water, 
sparingly  soluble  in  aq.  ammonia,  but  is  soluble  in  hot  soln.  of  alkali  hydroxide  or 
carbonate.  E.  Schaefer  could  not  prepare  normal  thallous  tungstate ; thallic 
tungstate  has  not  been  reported. 

G.  Tammann 8 observed  evidence  of  the  formation  of  cerous  tungstate, 
Ce2(W04)3,  when  a mixture  of  ceric  oxide  and  tungsten  trioxide  is  heated.  The 
heating  curve  shows  that  an  endothermic  reaction  occurs  between  240°  and  600°. 
According  to  A.  Cossa  and  M.  Zecchini,  when  a soln.  of  cerous  sulphate  is  poured 
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into  one  of  sodium  tungstate,  an  amorphous,  pale  yellow  precipitate  of  cerous 
tungstate  is  formed.  After  heating  to  redness,  the  amorphous  precipitate  becomes 
crystalline.  F.  R.  M.  Hitchcock  found  that  a soln.  of  sodium  tungstate  gives  a pre- 
cipitate with  soln.  of  cerium  salts,  the  precipitation  is  not  complete,  and  the  addition 
of  alcohol  precipitates  other  cerium  salts  along  with  the  cerium  tungstate  in  soln. 

P.  Didier  found  that  if  ceric  oxide  be  added  in  small 
portions  at  a time  to  fused  sodium  paratungstate, 
kept  in  excess,  minute,  yellow  octahedra  of  normal 
cerous  tungstate,  resembling  the  crystals  of  scheelite, 
are  formed.  Larger  crystals  are  produced  by  fusing 
precipitated  cerous  tungstate  with  sodium  chloride  out 
of  contact  with  air.  H.  Traube  obtained  crystals  of 
cerium  tungstate  as  a sublimate  by  heating  to  a high 
temp,  a mixture  of  the  tungstate  with  sodium  and 
potassium  chlorides.  F.  Zambonini  gave  for  the  axial 
ratio  of  the  crystals  a : c— 1 : L5257,  and  he  examined 
the  optical  constants  of  isomorphous  mixtures  with 
cerous  tungstate.  F.  Zambonini  found  the  sp.  gr.  of 
Ce2(W04)3  to  be  6 77  at  16-5°,  and  the  mol.  vol.  151-3.  A.  Cossa  and  M.  Zecchini 
gave  for  the  sp.  gr.  6-514  at  12° ; and  for  the  sp.  ht.,  0-0821.  F.  Zambonini 
gave  1089°  for  the  m.p.  A.  Rogers  and  E.  F.  Smith  prepared  ammonium 
cerous  tungstate,  2(NH4)20.Ce203.16W03.2H20,  as  a red,  transparent  glass, 
insoluble  in  water,  by  boiling  cerium  hydroxide  for  8 hrs.  with  a soln.  of 
ammonium  paratungstate,  filtering  the  mixture,  and  evaporating  it  to  dry- 
ness. By  dissolving  cerium  oxide  and  tungsten  trioxide  in  a fused  mixture 
of  sodium  tungstate  and  chloride,  A.  J.  Hogbom  obtained  crystals  of 
sodium  cerous  tungstate,  Na8Ce2(W04)7.  P.  Didier  also  obtained  a complex 
tungstate,  Na2Ce2(W04)4,  in  sulphur-yellow,  octahedral  crystals,  by  dissolving 
precipitated  cerous  tungstate  in  normal  sodium  tungstate.  G.  Carobbi  and 
G.  Tancredi  found  that  three  crystalline  compounds  can  exist  in  the  system 
Ce2(W04)3-Na2W04-H20,  at  25°.  The  results  are  summarized  in  Fig.  41.  These 
are  Ce2(W04)3.Na2W04.llH20  ; Ce2(W04)3.3Na2W04.16H20 ; and  Ce2(W04)3. 

5Na2Wb4.23H20.  They  are  stable  in  air ; and  since  the  velocity  curve  of  the 
dehydration  of  the  salts  over  sulphuric  acid,  or  calcium  chloride  shows  breaks, 
other  hydrates  probably  exist.  Thus  with  sulphuric  acid  of  sp.  gr.  1-58,  at  25°, 
for  the  1:1:  11-salt : 


Time  . 

Loss  . 

1-25  4-25 

3-83  4-92 

8-33 

5-78 

230 

6-80 

380 

709 

113-7 

7-96 

756-7 

8-39 

4000  min. 

8-39  per  cent. 

with  the  1:3: 

16-salt: 

Time  . 

Loss  . 

1-25  4-25 

313  5-22 

8-33 

5-95 

230 

7-30 

660 

7-86 

139-7 

9-71 

782-7 

9-99 

3991  min. 

9-99  per  cent. 

and  with  the  1 

: 5 : 23-salt : 

Time  . 

Loss  . 

1-25  4-92 

3-49  6-00 

8-33 

5-93 

230 

7-07 

660 

7-77 

139-8 

8-46 

783-0 

9-95 

3991  min. 

9-95  per  cent. 

According  to  F.  R.  M.  Hitchcock,  a soln.  of  sodium  tungstate  added  to  one  of 
lanthanum  chloride,  in  the  presence  of  alcohol,  gives  a precipitate,  presumably 
lanthanum  tungstate,  which',  on  drying  has  a delicate  blue  colour.  H.  Traube 
obtained  crystals  as  a sublimate  by  the  method  indicated  in  connection  with  cerium 
tungstate.  A.  Rogers  and  E.  F.  Smith  prepared  ammonium  lanthanum  tungstate, 
2(NH4)20.La203.16W03.16H20,  as  in  the  case  of  the  corresponding  cerium  salt. 
It  is  white,  and  insoluble.  A.  J.  Hogbom  dissolved  lanthanum  oxide  and  tungsten 
trioxide  in  a fused  mixture  of  sodium  chloride  and  an  excess  of  sodium  tungstate, 
and  obtained  crystals  of  sodium  lanthanum  tungstate,  Na8La2(W04)7 ; if  the  sodium 
chloride  be  in  excess,  crystals  of  Na6La4(W04)9  are  formed.  A.  Rogers  and 
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E.  F.  Smith  observed  that  when  a dil.  soln.  of  ammonium  lanthanum  tungstate  is 
treated  with  silver  nitrate,  white,  insoluble  silver  lanthanum  tungstate,  5Ag20. 
LaoO3.l6WO3.4H2O,  is  formed;  and  with  barium  chloride,  white  and  insoluble  barium 
lanthanum  tungstate,  5Ba0.La203.16W03.16H20,  is  produced.  F.  R.  M.  Hitch- 
cock prepared  prseseodymium  tungstate  as  a greenish-yellow  gelatinous  pre- 
cipitate on  treating  a soln.  of  sodium  tungstate  with  a soln.  of  prseseodymium 
chloride ; and  neodymium  tungstate  was  obtained  in  a similar  way  as  a pale  rose- 
coloured  precipitate  which  becomes  violet  after  ignition.  A.  Rogers  and  E.  F.  Smith 
prepared  ammonium  praeseodymium  tungstate,  2(NH4)20.Pr203.16W03.16H20,  as 
in  the  case  of  the  corresponding  cerium  salt.  It  appears  as  a green,  transparent, 
gummy  mass  which  is  sparingly  soluble  in  water.  A pink-coloured  salt,  3(NH4)20. 
Nd203.16W03.20H20,  was  obtained  in  a similar  way.  By  treating  the  ammonium 
salt  with  silver  nitrate,  greenish-white  silver  prseseodymium  tungstate,  4Ag20. 
Pr2O3.l6WO3.8H2O,  was  prepared ; and  with  barium  chloride,  white  barium 
prseseodymium  tungstate,  4Ba0.Pr203.16W03.7H20,  as  well  as  6Ba0.Pr203. 
16W03.9H20,  were  obtained.  Pink  and  insoluble  barium  neodymium  tungstate, 
6Ba0.Nd203.16W03.17H20,  was  also  prepared  by  adding  barium  chloride  to  a soln. 
of  the  ammonium  salt.  H.  Traube  obtained  crystals  of  didymium  tungstate, 
Di2(W04)3,  as  a sublimate  as  in  the  case  of  cerium  tungstate.  The  salt  was  pre- 
pared by  A.  Cossa,  who  gave  6-69  for  the  sp.  gr.  at  14°.  A.  J.  Hogbom  also  reported 
sodium  didymium  tungstate,  Na6Di4(W04)9,  by  dissolving  the  oxide  in  a fused 
mixture  of  sodium  tungstate  and  chloride  with  the  tungstate  in  excess — if  the 
chloride  is  in  excess,  Na20.Di203.4W03  is  formed.  When  barium  metatungstate  is 
treated  with  the  theoretical  quantity  of  samarium  sulphate,  and  the  soln.  evaporated 
over  cone,  sulphuric  acid,  topaz-yellow  crystals  of  samarium  tungstate,  Sa203. 
12W03.35H20,  were  formed — vide  infra,  the  metatungstates  ; they  become  opaque 
when  exposed  to  light.  The  sp.  gr.  is  3-992  to  3-996  at  18-4°.  The  salt  is  not 
deliquescent,  and  is  freely  soluble  in  water.  A.  J.  Hogbom  prepared  sodium 
samarium  tungstate,  Na6Sa4(W04)9,  from  a soln.  of  samarium  oxide  in  a fused 
mixture  of  sodium  tungstate  and  an  excess  of  sodium  chloride  ; similarly  with 
sodium  gadolinium  tungstate,  Na6Gd4(W04)  7,  using  an  excess  of  sodium  tungstate ; 
with  sodium  erbium  tungstate,  Na6Er4(W04)9,  using  an  excess  of  sodium  chloride  ; 
and  with  sodium  yttrium  tungstate,  Na8Y2(W04)7,  using  an  excess  of  sodium 
tungstate.  By  treating  barium  metatungstate  with  ytterbium  sulphate,  and  con- 
centrating the  soln.,  A.  Cleve  obtained  ytterbium  tungstate,  Yb203.12W04.35H20, 
in  prismatic  crystals,  not  deliquescent,  stable  in  air.  and  freely  soluble  in  water ; and 
by  fusing  a mixture  of  ytterbium  oxide  and  sodium  tungstate  and  chloride,  extract- 
ing the  mass  with  water,  the  residue  contains  a pale  reddish-grey,  microcrystalline 
powder  of  ytterbium  oxytungstate,  Yb203.W03,  or  (Yb0)2W04 ; and  colourless, 

I acicular  crystals  of  sodium  ytterbium  tungstate,  4Na20.2Yb203.7W03,  which  can 
be  separated  by  evaporation.  If  fused  with  sodium  chloride  as  flux,  microscopic 
needles  of  insoluble  9Na20.Yb203.12W03  appear  to  be  formed. 

The  silicotungstates  were  discussed  in  connection  with  the  silicates — 6.  40,  50 ; 
and  the  titanium  tungstates  have  not  been  investigated.  0.  Kulka  9 reported  that 
if  a soln.  of  zirconium  nitrate  be  poured  into  a cold  soln.  of  ammonium  meta- 
tungstate, and  the  gelatinous  precipitate  be  washed  by  suction  with  hot  water, 
and  dried,  the  product  has  the  composition  zirconium  tungstate,  5Zr02.9W03. 
33H20  ; if  sodium  paratungstate  be  employed,  the  dried  precipitate  has  the 
I composition  5Zr02.7W03.21H20.  Both  products  are  insoluble  in  water;  the 
I first  is  insoluble  and  the  second  is  soluble  in  hydrochloric  acid.  Both  may 
1 be  mixtures.  L.  A.  Hallopeau  reported  ammonium  zirconium  tungstate, 

' 3(NH4)2O.ZrO2.10WO3.14H2O,  to  be  formed  by  crystallization  in  vacuo  from  a 
, syrupy  soln.  of  zirconium  hydroxide  in  ammonium  paratungstate.  The  small 
1 prismatic  crystals  act  strongly  on  polarized  light  and  show  parallel  extinction.  They 
1 lose  water  even  in  contact  with  the  mother-liquor.  The  salt  is  freely  soluble 
in  water,  and  is  very  deliquescent.  0.  Kulka  said  that  soln.  of  normal  sodium 
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tungstate,  and  of  sodium  or  ammonium  metatungstate,  do  not  dissolve  zirconium 
hydroxide.  0.  Kulka  reported  potassium  zirconium  tungstate,  K20.Zr02.2W03. 
33H20,  to  be  formed  by  boiling  a soln.  of  potassium  paratungstate  with  zirconium 
hydroxide,  after  separating  the  excess  of  paratungstate.  He  represented  the 
constitution  K0.W02.0.Zr0.0.W02.0K.  L.  A.  Hallopeau  found  that  a boiling 
soln.  of  potassium  paratungstate  dissolves  zirconium  hydroxide,  and  the  soln. 
deposits  small  crystals  of  the  composition  4K2O.ZrO2.10WO3.15H2O,  and  which 
act  feebly  on  polarized  light.  When  the  mother-liquor  is  concentrated  in  vacuo, 
it  furnishes  small  prismatic  crystals  of  the  composition  4K20.2Zr02.10W03.20H20, 
which  act  strongly  on  polarized  light,  and  show  extinction  at  30°  from  the 
axis  of  elongation.  Both  these  compounds  are  almost  insoluble  in  cold  water,  are 
converted  into  insoluble  compounds  when  heated,  and  yield  a mixture  of  tungstate 
and  zirconate  when  fused  with  alkali  carbonates.  In  general  properties,  they 
resemble  the  silicotungstates ; the  zirconodecatungstate  is  analogous  in  com- 
position to  the  silicodecatungstate,  except  that  it  contains  a somewhat  smaller 
proportion  of  water.  According  to  J.  J.  Berzelius,  a soln.  of  a thorium  salt  gives 
a white,  flocculent  precipitate  of  thorium  tungstate  when  treated  with  sodium 
tungstate  ; and,  according  to  W.  Nernst,  if  a mol  of  thoria  is  heated  with  2 mols  of 
tungsten  trioxide  a thorium  tungstate  is  formed.  A.  J.  Hogbom  prepared  micro- 
scopic, tetragonal  crystals  of  sodium  thorium  tungstate,  Na4Th(W04)4,  by  dis- 
solving thoria  in  a fused  mixture  of  sodium  chloride  and  an  excess  of  sodium  tung- 
state. G.  N.  Wyrouboff  said  that  thoria  readily  dissolves  in  many  acid  tungstates 
forming  salts  of  complex  acids. 

According  to  F.  de  Carli,10  when  a mixture  of  stannous  oxide  and  tungsten 
trioxide  is  heated,  combination  begins  at  about  265°.  E.  F.  Anthon  observed  that 
stannous  tungstate,  SnW04.6H20,  is  formed  as  a yellow  powder  by  mixing  soln. 
of  sodium  tungstate  and  stannous  chloride.  Hydrochloric  acid  extracts  the 
stannous  oxide,  and  the  tungsten  trioxide  is  at  the  same  time  reduced  to  the  blue 
oxide.  The  salt  is  insoluble  in  water,  slowly  soluble  in  phosphoric  acid,  and  soluble 
in  oxalic  acid,  and  potash-lye.  W.  Lotz  found  that  on  mixing  soln.  of  ammonium 
paratungstate  and  ammonium  chlorostannate,  a white  flocculent  precipitate, 
presumably  stannic  tungstate,  9Sn02.13W03.wH20,  is  formed.  It  is  soluble  in  an 
excess  of  the  chlorostannate,  but  not  in  a soln.  of  ammonium  tungstate.  It  is 
soluble  in  phosphoric,  oxalic,  and  tartaric  acids.  S.  Prakash  and  N.  R.  Dhar 
found  that  the  viscosities  of  a soln.  of  stannic  tungstate,  Sn(W04)2.«H20,  having 
8 c.c.  of  l-35A/-SnCl4,  2 c.c.  of  water,  and  14  c.c.  of  a 15  per  cent.  soln.  of  sodium 
tungstate,  at  30°,  are  : 

Age  . 0 90  125  168  210  245  283  min. 

Viscosity  . 0 01349  0-01570  0-01640  001691  0-01807  0-02015  002280 

The  soln.  sets  to  a firm,  white  jelly  in  10  hrs.  G.  von  Knorre  treated  a molten 
mixture  of  a mol  of  lithium  oxide  and  2 mols  of  tungsten  trioxide  with  tin,  and 
obtained,  presumably,  lithium  stannic  tungstate,  2Li20.Sn02.6W03,  as  a steel-grev, 
amorphous  powder. 

A.  Breithaupt,11  described  a mineral  which  he  called  ScheelbleispcUh  occurring 
at  Zinnwald,  Bohemia,  and  at  Bleiberg,  Carinthia.  F.  S.  Beudant  called  it  Scheeli- 
tine  ; and  W.  Haidinger,  stolzite — after  Dr.  Stolz  of  Teplitz  who  first  drew  attention 
to  the  mineral.  The  same  mineral  occurs  in  Coquimbo,  Chili ; at  Southampton,  and 
Loudville,  Massachusetts  ; Marianna  de  Itacolumi,  Brazil ; Bena  e Padru,  Sardinia ; 
and  the  Broken  Hill  Mines,  New  South  Wales.  Analyses  of  the  mineral  by 
W.  A.  Lampadius,  K.  H.  T.  Kerndt,  W.  Florence,  C.  Hlawatsch,  and  of  artificial 
lead  tungstate,  PbW04,  by  E.  F.  Anthon,  H.  C.  Germs,  N.  S.  Manross,  and 
C.  Friedheim  are  in  agreement.  E.  J.  Chapman  obtained  a variety  from  Coquimbo 
containing  6-37  per  cent,  of  calcium,  (Ca,Pb)W04.  Another  mineral  called  raspite— 
after  Mr.  Rasp,  the  discoverer  of  the  Broken  Hill  Mines — was  described  by 
C.  Hlawatsch.  It  occurs  at  the  Broken  Hill  Mines,  N.S.W.,  and  is  also  a normal 
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lead  tungstate,  or  possibly  Pb2(W04)3 — but  stolzite  occurs  in  tetragonal  crystals, 
raspite  in  monoclinic  crystals.  A mixed  molybdate  and  tungstate,  Pb(W,Mo)04, 
between  stolzite  and  wulfenite  from  Chillagoe,  Queensland,  was  called  chillagite  by 
A.  T.  Ullmann,  and  C.  D.  Smith  and  L.  A.  Cotton.  J.  C.  H.  Mingaye  reported 
some  analyses.  F.  Krantz  called  it  lyonite  or  lionite  after  D.  Lyon. 

F.  de  Carli  said  that  mixtures  of  lead  oxide  and  tungsten  trioxide  begin  to  react 
at  210° ; G.  Tammann  observed  a hump  on  the  heating  curve  between  480°  and 
700° ; and  D.  Balareff  said  that  the  maximum  effect  occurs  at  about  700°.  W.  Jander 
said  that  the  reaction  with  lead  oxide  and  tungsten  trioxide  begins  at  480°. 
E.  F.  Anthon,  J.  Brown,  and  E.  F.  Smith  and  R.  H.  Bradbury  obtained  lead 
tungstate  as  a white;  flocculent  precipitate  by  treating  a soln.  of  a lead  salt  with  a 
soln.  of  potassium  tungstate ; C.  Friedheim  mixed  lead  acetate  and  metatungstic 
acid  in  dil.  soln. ; F.  M.  Jager  and  H.  C.  Germs  treated  with  lead  acetate  a soln. 
of  sodium  tungstate,  or  a boiling,  ammoniacal  soln.  of  tungstic  acid  mixed  with 
acetic  acid.  W.  Lotz  mixed  hot  cone.  soln.  of  lead  acetate  or  nitrate  and  ammonium 
metatungstate,  and  on  cooling,  found  that  the  liquid  solidified  to  a crystal  magma, 
which  was  soluble  in  much  water,  and  from  this  soln.,  on  spontaneous  evaporation, 
crystals  of  lead  metatungstate  were  formed.  E.  F.  Smith  filtered  a soln.  of  the 
crystal  magma  at  room  temp.,  and  evaporated  it  on  an  iron  plate  over  a small 
flame.  As  the  liquid  became  hot,  it  became  turbid  and  finally  deposited  a dense, 
white,  insoluble  powder.  This  white  powder  had  a composition  of  the  hemipenta- 
hydrate,  PbW04.2|H20.  N.  S.  Manross,  and  W.  Meyerhoffer  melted  a mixture  of 
sodium  tungstate  and  lead  chloride  ; and  L.  Michel,  a mixture  of  sodium  tungstate, 
lead  chloride,  and  sodium  chloride  in  a crucible  lined  with  magnesia.  The  cold 
product  was  lixiviated  with  water.  L.  Michel  also  used  lead  sulphate  in  place  of 
the  chloride.  The  crystals  formed  by  the  fusion  processes  correspond  with  those 
of  stolzite.  E.  Zettnow  found  that  amorphous  lead  tungstate  becomes  crystalline 
when  fused  with  sodium  tungstate  ; and  H.  Traube  that  lead  tungstate  may  be 
obtained  as  a crystalline  sublimate  by  heating  it  mixed  with  sodium  and  potassium 
chlorides,  to  a high  temp. 

The  mineral  stolzite  occurs  in  green,  yellowish-grey,  brown,  and  red  masses 
of  crystals  indistinctly  aggregated.  The  artificial  preparation  is  colourless. 
According  to  K.  H.  T.  Kerndt,  the  crystals  are  tetragonal  with  pyramidal  hemi- 
hedrism.  The  axial  ratio  a : c=l  : 1-5667  ; C.  Hlawatsch  gave  1 : 1-5606.  The 
habit  is  acute  octahedral,  and  the  crystals  may  form  plates  or  pyramids.  The 
(001)-  and  (lll)-changes  are  imperfect.  C.  Hlawatsch,  and  W.  Florence  examined 
the  corrosion  figures.  The  optical  character  is  negative.  The  crystals  of  stolzite 
were  described  by  A.  Levy,  F.  von  Kobell,  B.  K:  Emerson,  E.  Artini,  D.  Lovisato, 
E.  Hussak,  F.  C.  Naumann,  etc.  C.  Hlawatsch  observed  that  raspite  forms  mono- 
clinic prisms  with  the  axial  ratios  a : b : c=l-3363  : 1 : 1-1112,  and  /3=107°  41' ; 
and  with  another  specimen  1-34497:1:1-11468,  and  0=72°  23'.  The  (100)- 
cleavage  is  complete.  According  to  E.  S.  Larsen,  the  optic  axial  angle  2V  is  nearly 
zero ; and  the  optical  character  is  positive.  L.  Vegard  and  A.  Refsum  found 
that  the  X-radiograms  corresponded  with  the  lattice  parameters  a=7-696  A., 
c=12-010A.,  a:c— 1-1561  ; a radius  of  the  oxygen  atom  1-18  A.,  of  the  metal  in 
W04,  1-04  A.,  and  of  the  positive  ion,  1*17  A.  The  sp.  gr.  of  raspite  has  not  been 
reported  ; that  of  stolzite  given  by  K.  H.  T.  Kerndt  is  8-1032  to  8-1275  ; and  for 
artificial  lead  tungstate,  N.  S.  Manross  gave  8-232  to  8-238.  P.  Niggli  gave  8-30 
for  the  sp.  gr.  of  stolzite  ; and  54-8  for  the  eq.  vol. ; J.  J.  Saslawsky  gave  7-9  to  8-1 
for  the  sp.  gr.,  and  calculated  that  a contraction  of  0-66  to  0-67  occurs  in  the  forma- 
tion of  lead  tungstate  from  its  elements.  F.  A.  Henglein  gave  54-81  for  the  mol. 
vol.  The  hardness  of  stolzite  is  2-75  to  3-0 ; and  that  of  raspite  is  2-5  to  3-0. 
E.  Cane  found  the  sp.  ht.  to  be  0-077.  F.  Zambonini  gave  1125°  for  the  m.p.  of 
lead  tungstate ; and  F.  M.  Jager  and  H.  C.  Germs,  1123°.  The  latent  heat  of 
fusion  is  said  to  be  smaller  than  that  of  lead  molybdate.  D.  Vorlander  and 
H.  Hempel  observed  no  sign  of  a transition  temp.,  but  F.  M.  Jager  and  H.  C.  Germs 
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found  that  on  cooling,  there  is  a transition  corresponding  with  the  passage  of  what 
they  call  /3-lead  tungstate  to  a-lead  tungsta  ie,  the  form  stable  at  ordinary  temp. 
There  is  only  a small  thermal  change  at  the  transition  temp.  The  transformation 
is  more  marked  in  the  presence  of  lead  sulphate,  and  it  vanishes  in  the  presence  of 
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Fig.  42. — Freezing-point 
Curve. PbS04-PbW04. 


Fig.  43. — -Freezing-point 
Curve  PbCr04-PbW04. 


Fig.  44. — Freezing-point 
Curve  PbMo04-PbW04. 


lead  chromate  and  molybdate.  In  the  system  : PbS04-PbW04,  Fig.  42,  the  solid 
soln.  containing  /3-Pb\V04  separating  at  the  eutectic  temp,  contains  respectively 
37  molar  per  cent,  of  sulphate,  and  7 of  the  tungstate.  The  eutectic  is 
at  995°  corresponding  with  51  molar  per  cent,  of  tungstate.  The  change 

a-PbS04^/3-PbS04  occurs  at  875°,  and  a-PbW04 
— /3-PbW04  at  859°.  The  equilibrium  diagram  of 
the  system : PbCr04-PbW04  is  incomplete.  There 
is  a eutectic  at  837°,  and  the  limiting  solid  soln. 
on  the  tungstate  side  of  the  diagram  contains 
41  molar  per  cent,  of  chromate.  Lead  molybdate 
and  tungstate,  Fig.  43,  form  an  isodimorphous 
series  of  solid  soln.  with  a. transition  temp,  at 
1082°.  A mixture  containing  75  molar  per  cent, 
of  lead  molybdate  is  in  equilibrium  at  this  temp, 
with  both  kinds  of  solid  soln.  In  the  system : 
PbO-PbW04,  Fig.  45,  there  is  one  combination, 
namely,  lead  oxytungstate,  or  PbO.PbW04,  that 
is  Pb2W05,  melting  at  889°.  This  compound 
shows  no  transition  temp,  corresponding  with  a 
polymorphous  transformation.  The  transition  temp,  is  877°.  There  are  eutectics 
at  722°  corresponding  with  82-5°  molar  per  cent.  PbO,  and  one  at  882°  correspond- 
ing with  46  molar  per  cent.  PbO.  F.  Zambonini  studied  the  f.p.  of  the  system 
Ce2(W04)3~PbW04,  and  found  for  the  following  percentage  proportions  of  lead 
tungstate : 


Fig.  45. — Freezing-point  Curve 
of  the  Mixtures  : PbO-PbWO,. 


PbWO, 


F.p.  { 


Beginning 
End  . 


0 

1089° 


20 

1103° 

1092° 


40 

1115° 


60 

1122° 

1108° 


80 

1123° 

1108° 


100  per  cent. 
1125° 


G.  Tammann  gave  for  the  heat  of  formation  (PbO,  W03) =45-4  Cals.  W.  Florence 
found  the  indices  of  refraction  of  stolzite  to  be  oi=2-2685,  and  e=2-182  for  Na- 
light ; and  C.  Hlawatsch,  oi= 2-2685,  and  €=2-182.  The  index  of  refraction  of 
raspite  approximates  2-6  ; and  E.  S.  Larsen  gave  a=2-27,  /3=2-27,  and  y=2-30. 
E.  Wartmann  found  stolzite  is  a non-conductor  of  electricity.  According  to 
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E.  F.  Anthon,  lead  tungstate  is  insoluble  in  water  and  in  cold  nitric  acid,  but  it  is 
soluble  in  potask-lye.  E.  F.  Smith  and  R.  H.  Bradbury  said  that  lead  tungstate 
is  insoluble  in  a soln.  of  ammonium  nitrate,  and  the  presence  of  this  salt  facilitates 
the  filtration  of  lead  tungstate  from  its  mother-liquor.  L.  Kahlenberg  and 
W.  J.  Trautmann  found  that  silicon  reduces  lead  tungstate  with  difficulty  forming 
no  free  metal  or  silicide. 

The  arsenic  tungstates  and  the  arsenato-tungstates  have  been  previously  dis- 
cussed, 9.  51,  22  ; and  the  antimony  tungstates,  and  the  antimonalotung  states,  9.  52, 
14.  E.  F.  Smith  and  R.  H.  Bradbury  12  obtained  insoluble  bismuth  tungstate, 
presumably  Bi2(W04)3,  by  double  decomposition  by  mixing  soln.  of  sodium  tung- 
state and  bismuth  nitrate.  F.  Zambonini  found  that  normal  bismuth  tungstate 
is  readily  obtained  by  fusing  an  intimate  mixture  of  bismuth  and  tungsten  trioxides 
in  the  theoretical  proportions,  and  allowing  the  mass'to  cool  slowly.  The  product 
contained  some  monoclinic  crystals  with  the  axial  ratios  a :b  : c=l-006  : 1 : 1*520, 
and  /?=90°  34'.  If  the  monoclinic  crystals  are  heated  with  an  excess  of  sodium 
chloride  for  3 hrs.  at  900°  to  1000°,  and  lixiviated  with  water,  the  residue  contains 
tetragonal,  bipyramidal  crystals  with  the  axial  ratio  a : c— 1 : 1-566.  The  tetragonal 
crystals  correspond  perfectly  with  the  tetragonal  phase  both  of  the  normal  molyb- 
dates and  tungstates  of  the  elements  of  the  yttrium  and  cerium  group,  as  well 
as  of  those  of  the  isomorphogenic  elements  of  the  calcium-strontium-barium-lead 
group,  the  value  of  a : c in  these  compounds  varying  from  1 : 1-542  to  1 : 1-623. 
The  monoclinic  form  is  distinctly  pseudo-tetragonal, 
the  axial  ratios  differing  but  little  from  1:1:  1-566 
and  the  value  of  /3  but  little  from  90°.  This  mono- 
clinic form  exhibits  undeniable  crystallographic  re- 
semblances to  raspite,  the  monoclinic  form  of  lead 
tungstate,  but  the  tetragonal  bismuth  tungstate 
shows  far  closer  resemblances  to  stolzite,  the  tetra- 
gonal form  of  lead  tungstate.  The  sp.  gr.  of  the 
monoclinic  crystals  is  8-24  at  7-5°,  and  the  m.p. 
is  832°.  The  f.p.  curve  of  the  binary  system : 

PbW04-Bi2(W04)3  is  shown  in  Fig.  46.  The  curve 
is  characteristic  of  binary  mixtures,  either  forming 
no  solid  soln.  or  exhibiting  extremely  limited  mutual 
solubility  in  the  solid  state.  The  crystallization 
curve  first  falls  rapidly  from  1130°  to  a eutectic  point 
at  about  813°,  corresponding  with  about  73  molar 
per  cent,  of  Bi2(W04)3,  and  then  rises  directly  to  832°.  According  to  C.  W.  Balke 
and  E.  F.  Smith,  ammonium  bismuth  tungstate,  3(NH4)20.2Bi203.llW03.10H20, 
is  produced  by  boiling  bismuth  hydroxide  with  a soln.  of  ammonium  paratungstate 
for  about  two  days,  filtering  the  yellow  liquid,  and  allowing  it  to  cool.  The  oil 
of  sp.  gr.  3-6  which  separates  dries  to  a transparent,  yellow,  vitreous  mass.  No 
precipitate  was  produced  on  strongly  diluting  the  soln.  of  this  salt  with  water. 
Ammonium  hydroxide  caused  no  change  in  its  cold  dil.  soln.,  but,  when  the  latter 
was  boiled  in  the  presence  of  ammonia,  a copious  white  precipitate  separated. 
Nitric  acid  caused  no  change  in  the  boiling  dil.  soln.  of  the  salt,  but  in  cone.  soln. 
precipitation  occurred  on  the  addition  of  cone,  nitric  acid.  The  addition  of  a large 
vol.  of  hot  water  again  effected  soln.  Hydrochloric  acid  occasioned  no  change  in 
cold  or  hot  dil.  soln.,  while  tungstic  acid  separated  on  boiling  with  cone,  hydro- 
chloric acid.  The  corresponding  potassium  bismuth  tungstate,  3K20.2Bi203. 
11W03.15H20,  forms  a yellow  oil  which  dries  to  a transparent,  pale  yellow,  vitreous 
mass;  and  strontium  bismuth  tungstate,  Sr0.2Bi203.llW03.llH20,  appears  as 
a yellow  oil  which  solidifies  to  a wax-like  mass,  and  when  dried  at  100°,  forms  a hard, 
yellow,  insoluble,  vitreous  mass.  When  mercurous  nitrate  is  added  to  a soln.  of 
the  ammonium  salt,  mercurous  bismuth  tungstate  is  formed  as  a yellowish- 
white  precipitate.  The  complex  vanadalotung states  have- been  previously  discussed, 


Fig.  46. — Freezing-point  Curve 
of  the  System  : 
PbW04-Bi2(W04)3. 
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9.  54,  14.  E.  F.  Smith  13  found  that  complex  tungstates  are  formed  with  columbic 
and  tantalic  oxides  with  tungsten  trioxide. 

J.  Lefort 14  obtained  a dark  green  precipitate  of  chromium  tungstate, 
Cr2(W04)3.3H20,  by  adding  a soln.  of  sodium  ditungstate  to.  one  of  chrome  alum ; 
and  W.  Lotz  obtained  Cr2(W04)3.30H20  from  soln.  of  normal  sodium  tungstate 
and  chromic  chloride.  The  pale  green  precipitate  is  soluble  in  an  excess  of  the 
soln.  of  chromic  chloride,  and  in  phosphoric,  oxalic,  and  tartaric  acids.  It  loses 
21-27  per  cent,  or  13  mols.  of  water  when  dried  over  calcium  chloride  at  100°  and 
7 more  mols.,  or  12-19  per  cent.,  when  calcined  at  red-heat.  The  colour  is  then 
yellowish-grey.  S.  Prakash  and  N.  R.  Dhar  prepared  hydrogels  of  chromic  tung- 
state. J.  Lefort  obtained  chromium  oxytungstate,  Cr20(W04)2.5H20,  or  Cr203. 
2W03.5H20,  by  pouring  a soln.  of  chromic  acetate  into  a small  excess  of  a soln. 
of  sodium  tungstate  (1  : 10).  The  green,  pale  blue,  or  violet  precipitate  dries  to 
a green  amorphous  powder,  which  after  ignition  is  brown.  100  parts  of  water 
dissolve  0-25  part  of  the  salt  at  15°.  By  mixing  very  cone.  soln.  of  eq.  proportions 
of  chromic  acetate  and  sodium  ditungstate,  and  pouring  in  alcohol,  a dirty  green 
precipitate  of  chromium  tetratungstate,  Cr203.4W03.6H20,  is  formed  which  fur- 
nishes crystalline  plates.  100  parts  of  water  at  15°  dissolve  two  parts  of  the  salt. 
According  to  W.  Kantscheff,  a warm  mixture  of  soln.  of  paratungstate  and  a 
chromic  salt  contain  complex  chromitungstates.  He  considers  that  the  different 
acid  tungstates  which  have  been  reported  are  either  paratungstates  or  mixtures 
of  the  para-  and  meta-tungstates. 

According  to  J.  J.  Berzelius,15  when  ammonium  tungstate  is  mixed  with  a 
hydrochloric  acid  soln.  of  molybdenum  dioxide,  a deep  purple-red  colour  appears, 
from  which,  if  concentrated,  ammonium  chloride  precipitates  a red  molybdenum 
tungstate,  and  the  mother-liquor  retains  a pale  yellow  colour.  The  precipitate  is 
washed  with  water  containing  ammonium  chloride,  and  then  with  alcohol  of  sp.  gr. 
0-87.  It  is  then  dried  at  a gentle  heat.  The  dark  purple  product  is  stable  in  air, 
and  is  freely  soluble  in  water.  The  dil.  aq.  soln.  gradually  becomes  colourless  on 
exposure  to  air  owing  to  the  formation  of  a tungstate  of  molybdenum  trioxide. 
An  aq.  soln.  of  the  purple-coloured  salt  is  decolorized  by  ammonia,  and  it  then 
deposits,  on  standing,  a white,  powdered  ammonium  molybdenum  tungstate 
which  is  insoluble  in  water,  and  from  which  soda-lye  separates  molybdenum 
dioxide.  Several  of  the  blue  oxides  of  tungsten  have  been  regarded  as  tungsten 
tungstates,  thus,  W50J4  can  be  represented  (WV0)2.(WVI04)3,  etc. 

L.  Fernandes  neutralized  soln.  containing  stoichiometrical  proportions  of  a 
molybdate  and  a tungstate  by  the  addition  of  acetic  acid,  followed  by  crystalliza- 
tion ; by  the  addition  of  molybdenum  to  a boiling  soln.  of  a tungstate  ; and  by  mix- 
ing soln.  of  a polymolybdate  and  a poly  tungstate.  There  were  thus  obtained  potas- 
sium tetramolybdatoditungstate,  2K20.4Mo03.2W03.12H20,  and  from  the  loss  of 
water  on  heating,  the  co-ordination  formula  is  taken  to  be  K4H6[H2(W04)2(Mo04)4]. 
8H20,  potassium  trimolybdatoditungstate,  2K2O.3MoO3.2WO3.10H2O ; potassium 
trimolybdatotritungstate,  3K20.3Mo03.3W03.9H20,  enneahydrate  as  well  as  the 
trihydrate-,  potassium  molybdatopentatungstate,  3K2O.Mo03.5W03.5H20  ; potas- 
sium molybdatotritungstate,  2K2O.Mo03.3W03.4H20 ; potassium  dimolybdato- 
tetratungstate,  3K20.2Mo03.4W03.llH20,  or  K6H4[H2(Mo04)2(W04)4].8H20 ; 
potassium  nickel  dimolybdatotetratungstate,  K6H4[Ni(Mo04)2(W04)4].nH20,  was 
also  prepared  ; potassium  molybdatodecatungstate,  5K2O.Mo03.10W03.12H20  ; 
and  potassium  molybdatotetratungstate,  2K2O.Mo03.4W03.9H20,  or 


K4 

h3 


H2  (Mo207)H2  ]K4. 

,(W04)4  (W04)4Jh 


The  addition  of  cone,  hydrochloric  acid  to  cone.  aq.  soln.  of  these  salts  results  in 
the  precipitation  of  the  free  molybdatotungstic  acids  as  white,  amorphous  powders, 
and  repeated  treatment  with  hydrochloric  acid  fails  to  effect  a separation  of  the 
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two  acids.  Barium  salts  give  white,  sparingly  soluble,  microcrystalline  precipitates 
when  added  to  soln.  of  the  molybdatotungstates  ; and  by  the  addition  of  a soluble 
guanidine  salt  to  a boiling  soln.  of  the  alkali  molybdatotungstate  a series  of  guanidine 
derivatives  was  obtained. 

J.  J.  Berzelius  observed  that  a pale  yellow  precipitate  of  uranyl  tungstate, 
U02W04,  is  formed  when  a soln.  of  a uranyl  salt  is  treated  with  a soluble  tungstate. 
J.  Lefort  obtained  this  salt  from  soln.  of  uranium  acetate  and  sodium  tungstate. 
The  salt  is  insoluble  in  water,  but  soluble  in  strong  acids,  and  in  a soln.  of  ammonium 
carbonate.  J.  Lefort  obtained  uranium  tungstate,  U(W04)3.5H20,  as  a yellow 
precipitate  by  treating  uranyl  acetate  with  sodium  ditungstate  ; if  normal  sodium 
tungstate  is  employed,  the  dihydrate,  U02(W04).2H20,  is  formed  as  a yellow 
amorphous  precipitate,  sparingly  soluble  in  water.  0.  W.  Gibbs  dissolved  uranium 
trioxide  in  dil.  sulphuric  acid,  treated  the  soln.  with  zinc,  and  then  treated 
the  insoluble,  greyish-green  powder  with  a soln.  of  sodium  paratungstate,  dark 
olive-green  crystals  of  sodium  uranium  tungstate,  12Na20.6U02.8W03.25H20, 
were  formed.  This  is  decomposed  by  nitric  acid,  and  by  boiling  soda-lye. 
0.  W.  Gibbs  prepared  potassium  uranium  tungstate,  9K20.6U02.8W03.34H20,  in 
a similar  way.  It  is  insoluble  in  hot  water  and  hydrochloric  acid ; and  it  pre- 
cipitates silver  and  mercury  salts  from  soln.  of  their  nitrates ; and  it  undergoes 
double  decomposition  with  calcium  and  barium  chlorides.  Ammonium  uranium 
tungstate  was  similarly  prepared. 

E.  F.  Anthon16  treated  a soln.  of  a manganous  salt  with  normal  sodium  tungstate 
and  obtained  a greyish- white  powder  of  manganous  tungstate,  MnW04.2H20. 
When  the  dihydrate  is  ignited  it  loses  its  water  and  becomes  pale  yellow,  and 
finally  melts.  The  dihydrate  is  not  soluble  in  cold  hydrochloric  acid,  but  it  is 
soluble  in  warm  phosphoric  or  oxalic  acid,  and  less  soluble  in  boiling  acetic  acid. 
Potash-lye  extracts  the  tungsten  as  trioxide  from  the  dihydrate.  A.  Geuther  and 
J E.  Forsberg  melted  a mixture  of  sodium  tungstate,  manganous  chloride,  and  sodium 
chloride  (1 : 2 : 2)  in  a covered  crucible  lined  with  magnesia  ; extracted  the  cold  mass 
with  water ; and  obtained  pale  brown  crystals  of  the  anhydrous  salt  MnW04. 
E.  Zettnow  said  that  if  an  excess  of  manganous  chloride  be  employed,  brownish- 
yellow  needles  are  formed,  and  with  an  excess  of  sodium  tungstate,  a dirty  canary- 
yellow  crystalline  powder  ; and  A.  Geuther  and  E.  Fosberg  obtained  dirty  yellowish- 
green  needles  by  using  an  excess  of  sodium  chloride  (5:1:16).  The  brown  crystals 
form  a canary-yellow  powder  of  sp.  gr.  6-7.  E.  K.  Broch,  and  P.  Groth  and  A.  Arzruni 
found  that  the  crystals  are  monoclinic  with  the  axial  ratio  a : b : c=0-8315  : 1 : 0-8651, 
and  /3=89°  38'.  E.  K.  Broch  calculated  from  the  X-radiograms,  the  lattice 
constants  a=4-84  A.,  6=5-76  A.,  and  c=4-97  A. ; the  axial  ratios  a :b : c 
=0-841  : 1 : 0-863,  and  /3=89°  7' ; with  the  calculated  density  7-18.  Twinning 
I occurs  about  the  (lOO)-plane.  For  natural  crystals,  vide  infra.  W.  Jander  found 
the  electrical  conductivity  of  the  salt  to  be  about  3000  XlO-6  at  970°  ; and  he  cal- 
i culated  values  for  the  diffusion  coeff.  W.  Jander  studied  the  action  of  magnesium 
oxide  on  manganese  tungstate.  A.  Rogers  and  E.  F.  Smith  prepared  red  crystals  of 
ammonium  manganic  tungstate,  4(NH4)20.Mn203.12W03.23H20,  by  boiling  an  aq. 
soln.  of  ammonium  paratungstate  with  manganic  hydroxide  and  evaporating  the 
clear  liquid.  A.  Rosenheim  and  H.  Schwer  represented  it  (NH4)4H5[Mn(W04)6]. 
9H20.  According  to  A.  Just,  when  a soln.  of  manganous  sulphate  is  added  to  a 
boiling  soln.  of  sodium  tungstate,  manganous  tungstate  is  precipitated.  Sodium 
persulphate  is  now  added,  and  the  soln.  is  boiled  for  15  mins.,  the  volume  being 
kept  constant.  The  dark  red  soln.  is  filtered  from  a small  quantity  of  manganese 
dioxide,  and,  after  a time,  red  crystals  of  sodium  permanganic  tungstate,  3Na20. 
5W03.Mn02.18H20,  the  colour  of  potassium  dichromate,  separate.  The  salt  may 
be  regarded  as  a double  salt  of  sodium  manganic  tetratungstate  and  sodium  tung- 
state, Mn(NaW04)4.Na2W04  ; or  it  may  be  represented  according  to  A.  Rosenheim 
and  H.  Schwer’s  formula  Na6H2[Mn0(W04)5].17H20.  Soln.  of  the  salt  decompose 
slowly  in  the  cold,  rapidly  on  heating,  with  deposition  of  manganese  dioxide 
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it  can,  however,  be  crystallized  from  soln.  of  sodium  tungstate.  Most  metallic 
salt-soln.  yield  precipitates. 

As  indicated  in  connection  with  the  history  of  tungsten,  the  mineral  wolfram 
or  wolframite  was  shown  by  J.  J.  and  F.  de  Elhuyar 17  to  be  a tungstate  of  iron  and 
manganese.  E.  Riotte,  and  H.  Credner  called  the  mineral  Mbnerite  when  the 
manganese  largely  predominates,  MnW04,  and  A.  Weisbach  called  it  mangano- 
wolframite.  A.  Breithaupt  described  a manganese  wolframite  as  megabasite,  but 
C.  F.  Rammelsberg  showed  that  it  is  a Variety  of  hiibnerite,  and  similar  remarks 
apply  to  the  blumite  of  K.  L.  T.  Liebe.  A nearly  pure  ferrous  tungstate,  FeW04, 
was  described  by  K.  L.  T.  Liebe  under  the  name  ferberite — after  R.  Ferber — 
A.  Weisbach  called  it  ferrowolframite.  The  mineral  reinite — named  after  J.  J.  Rein 
— and  described  by  K.  von  Fritsch,  and  0.  Luedecke  as  a tetragonal  ferrous  tung- 
state, is  now  regarded  as  a pseudomorph  after  scheelite.  F.  L.  Hess  showed  that 
there  is  a family  group  of  minerals  which  can  be  grouped  as  wolframites  with 
hiibnerite,  MnW04,  and  ferberite,  FeW04,  as  end-members  and  with  an  indefinitely 
large  number  of  intermediate  manganous  ferrous  tungstates.  For  the  purposes 
of  classification,  he  suggested  that  hiibnerite  should  be  considered  conventionally 
as  manganous  tungstate  contaminated  by  not  more  than  20  per  cent,  of  ferrous 
tungstate ; ferberite,  as  ferrous  tungstate  contaminated  by  not  more  than  20  per 
cent,  of  manganous  tungstate  ; and  wolframite  should  come  between  these  limits, 
being  a mixture  of  ferrous  and  manganous  tungstates  containing  not  less  than  20 
per  cent,  and  not  more  than  80  per  cent,  of  either.  E.  T.  Wherry  proposed 
another  arbitrary  system  based  on  the  ratio  Mn : Fe.  If  greater  than  7:1,  he 
called  them  permanganowolframites ; if  between  7 : 1 and  5 : 3 ,domanganowolframites ; 
if  between  5 : 3 and  3:5,  ferromanganowolframites  ; if  between  3 : 5 and  1:7, 
fcrrowolframites  ; and  if  less  than  1 : 7,  perferrowolframites.  Why  not  use  the  term 
5 : 3-wolframite,  and  so  on  ; or,  using  only  one  number  if,  say,  Mn  be  conventionally 
made  unity,  the  term  0-6-wolframite  ? 

A.  Geuther  and  E.  Forsberg,  and  E.  Zettnow  obtained  imitations  of  hiibnerite,  ferberite, 
and  wolframite,  with  various  proportions  of  iron  and  manganese  by  fusing  sodium  tungstate 
with  different  proportions  of  ferrous  and  manganous  chlorides,  and  an  excess  of  sodium 
chloride.  Analyses  of  hiibnerite  were  reported  by  W.  Beck  and  N.  Teich,  I.  Domeyko, 
J.  B.  Ekeley,  H.  F.  Keller,  F.  A.  Genth,  F.  N.  Guild,  W.  P.  Headden,  F.  L.  Hess,  W.  F.  Hille- 
brand,  W.  H.  Hobbs,  N.  von  Kulibin,  A.  H.  Low,  S.  L.  Penfield,  C.  F.  Rammelsberg,  etc. 
Analyses  of  ferberite  were  reported  by  W.  Beck  and  N.  Teich,  F.  A.  Bernoulli,  O.  B.  Baggild, 
J.  E.  Carne,  J.  J.  Ebelmen,  J.  B.  Ekeley,  L.  L.  Fermor,  R.  D.  George,  W.  E.  Greenawalt, 

F.  L.  Hess,  K.  L.  T.  Liebe,  O.  Luedecke,  P.  Nicolardot,  C.  F.  Rammelsberg,  R.  Schneider, 
T.  Wada,  T.  L.  Walker,  etc.  Analyses  of  wolframite  were  reported  by  E.  A.  Atkinson, 
L.  C.  Ball,  F.  A.  Bernoulli,  J.  J.  Berzelius,  A.  W.  G.  Bleeck,  G.  Bodenbender,  F.  Bourion, 
C.  A.  Burghardt,  A.  Carnot,  J.  J.  Ebelmen,  A.  M.  Findlaysoh,  P.  Geiger,  F.  A.  Genth, 
W.  B.  Giles,  A.  de  Gramont,  C.  Granell,  W.  E.  Greenawalt,  F.  N.  Guild,  F.  L.  Hess,  F.  Hoppe- 
Seyler,  R.  Helmhacker,  W.  Hompel,  T.  S.  Hunt,  J.  D.  Irving,  A.  Jahn,  K.  H.  T.  Kerndt, 
J.  Lehmann,  A.  Liversidge,  O.  Luedecke,  R.  J.  Meyer  and  H.  Winter,  P.  Nicolardot, 
I.  Pargo  and  A.  Arango,  P.  Pondal  and  J.  Vasquez-Garriga,  A.  Petzholdt,  P.  P.  Pilipenko, 

G.  J.  Popplein,  T.  Richardson,  B.  Setlik,  F.  von  Schaffgotsch,  R.  Schneider,  O.  J.  Steinhart, 
L.  Sipocz,  T.  Thomson,  L.  N.  Vauquelin,  W.  L.  Walker,  G.  Weidinger,  E.  T.  Wherry,  etc. 

The  general  formula  for  the  whole  family  group  is  (Fe,Mn)W04.  Magnesium 
and  calcium  oxides  are  commonly  present  to  the  extent  of  about  a quarter  per  cent. 
A.  Carnot  reported  0-90  to  M0  per  cent,  of  tantalum  pentoxide  in  a variety  from 
Meymac ; W.  F.  Hillebrand,  0-05  per  cent,  of  columbium  pentoxide  in  a sample 
from  Ouray,  California  ; L.  Weiss,  T.  L.  Phipson,  A.  Damour,  and  E.  T.  Wherry 
both  tantalum  and  columbium  pentoxides  in  samples  from  Cornwall,  Arizona, 
etc. ; G.  Eberhard,  H.  S.  Lukens,  and  H.  Winter,  scandium ; G.  Bodenbender, 
and  F.  A.  Genth,  stannic  oxide,  and  copper  oxide  ; E.  A.  Atkinson,  and  F.  Hoppe- 
Seyler,  indium  oxide.  Molybdenum  may  also  be  present.  F.  L.  Hess,  M.  Kosaki, 
and  W.  T.  Schaller  reported  Si,  Al,  Mg,  Ca.  Cr,  Cb,  Cu,  Mo,  Sc,  Sr,  Ti,  and  V to 
have  been  detected  in  ferberite  by  means  of  the  spectroscope. 

According  to  F.  L.  Hess,  ferberite  and  wolframites  are  characteristically  black  ; 
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hiibnerite,  reddish-brown,  although  some  specimens  are  yellowish  or  nearly  black. 
Except  in  the  lighter  coloured  hiibnerites,  the  presence  of  admixed  ferberite  cannot 
be  detected  by  the  eye.  The  dark-coloured  varieties  of  the  mineral  are  usually 
wolframites.  Some  specimens  of  hiibnerite  are  almost  garnet-red,  but  a specimen 
I from  Butte,  Montana,  is  in  part  light  yellowish-brown,  and  in  part  caramel-brown, 
while  one  from  White  Oaks,  North  Mexico,  appears  opaque  black.  Under  the 
microscope,  thin  sections  of  hiibnerite  are  light  or  dark  yellowish-brown,  or  dark 
green  by  transmitted  light.  R.  Tronquoy  found  that  powdered  hiibnerite  is  sulphur 
yellow,  and  with  plates  of  decreasing  thickness  the  colour  changes  in  different 
directions  are : a,  dark  red  to  brown  to  pale  brick-red  to  olive-green ; b,  bright 
red  to  orange-red  to  greenish-yellow ; and  c,  orange-red  to  bright  yellow  with  a 
faint  green,  tinge.  Usually  the  higher  the  proportion  of  ferric  oxide,  the  blacker 
the  colour ; but  the  black  mineral  from  White  Oakes  has  only  0-55  per  cent,  of 
ferrous  oxide,  whereas  lighter  coloured  hiibnerite  may  contain  more  ferrous  oxide. 
The  cause  of  the  dark  colour  is  unknown.  Hiibnerite  may  be  pleochroic  with 
b yellowish-brown,  and  c,  green.  Eerberite  is  described  by  F.  L.  Hess  as  a black. 


Fig.  47. — Wedge-shaped  Fig.  48. — Rhornboidal  Fig.  49. — Cuboidal  Crystals 

Crystals  of  Ferberite  ( X 2).  Crystals  of  Ferberite  ( X 1).  of  Ferberite  ( X 10). 

opaque  mineral  which  under  the  microscope  may  appear  red  by  light  transmitted 
through  very  thin  edges — say  0-0001  to  0-0002  inch  thick.  Ferberite  may  occur 
coated  with  hydrated  iron  oxide,  or  be  so  intergrown  with  it  that  both  the  outside, 
and  the  parts  exposed  by  fracture  or  cleavage  may  be  brown.  Some  specimens 
are  iridescent  owing  to  thin  films  of  oxide.  The  mineral  may  occur  in  bladed, 
irregularly  lamellar,  or  columnar  crystals  ; and  also  in  granular,  coherent  masses. 
The  crystals  may  be  tabular  or  prismatic,  and  the  faces  in  the  prismatic  zone  may 
be  vertically  striated.  The  crystals  of  the  wolframite  family  are  all  monoclinic, 
and  V.  Goldschmidt’s  value  for  the  axial  ratios  a : b : c=0-8255  : 1 : 0-8664,  and 
j8=89°  32'  is  typical  of  the  whole  series.  Indeed,  the  crystallographic  constants 
of  the  end-members  do  not  show  any  characteristic  differences.  Ferberite  has  a 
greater  tendency  to  form  well-defined  crystals  than  have  the  other  members  of 
the  series.  A.  des  Cloizeaux  gave  for  the  axial  ratios  of  wolframite,  a :b  : c 
=0-8300  : 1 : 0-86781,  and  £=89°  21-6' ; J.  A.  Krenner,  0-82447  : 1 : 0-86041,  and 
£=89°  39'  38”' ; and  G.  Seligmann,  0-82144  : 1 : 0-87111,  and  j8=89°  34' ; and 
for  ferberite,  P.  Groth  and  A.  Arzruni  gave  0-8229  : 1 : 0-8462,  and  /3=89°  22'. 
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R.  Tronquoy  gave  a : b : c— 0-8315  : 1 : 0-8651,  and  f3—90°  22'  for  hiibnerite. 
F.  Machatschky  gave  0-8362 : 1 : 0-8668,  and  j8=89°  7|'  for  hiibnerite,  and 
0-8300 : 1 : 0-8678  and /3=89°  22'  for  wolframite.  E.  K.  Broch  found  that  the  crystals 
are  like  those  of  magnesium  tungstate.  The  crystals  of  ferberite  and  wolframite 
are  frequently  wedge-shaped,  Fig.  47  (Hoosier  Mine,  Colorado),  and  often  in  elon- 
gated rhomboids,  Fig.  48  (Nugget  Mine,  Colorado),  or  in  cubes,  Fig.  49  (Georgia 
A.  Mine,  Colorado).  These  forms  appear  in  ores  where  the  crystals  have  grown  in 
open  cavities.  The  photographs,  Figs.  47  to  49,  are  by  F.  L.  Hess.  Wolframite 
does  not  usually  show  good  crystal  boundaries,  but  occurs'  in  tabular  or  irregular 
masses.  Hiibnerite  has  a marked  tendency  to  form  radiating  groups  of  thin-bladed 
crystals,  but  dense,  fine-grained  aggregates  of  closely-packed  crystals  wherein 
irregular  boundaries  frequently  occur.  The  shiny  cleavage  surfaces  which  are 
developed  when  these  masses  are  broken  may  be  mistaken  for  crystal  faces.  Wolf- 
ramite rarely  shows  good  external  crystal  forms  ; and  it  usually  consists  of  irregular 
aggregates  with  no  external  crystal  forms,  and  the  individuals  may  have  micro- 
scopic dimensions  or  be  over  5 cms.  in  diameter.  Crystals  of  all  members  of  the 
series  readily  split  along  the  (OlO)-plane.  The  plane  cleavage  is  at  right  angles  to 
the  plane  of  elongation  of  the  tabular  forms.  According  to  A.  des  Cloizeaux, 
parting  is  sometimes  observed  parallel  to  the  (100)-  and  the  (102)-planes.  Twinning 
occurs  about  the  c-axis,  with  (100)  as  the  composition  plane;  G.  Rose  also  gave 
(023)  as  a twinning  plane.  Observations  on  the  crystals  of  wolframite  were  also 
made  by  C.  Anderson,  W.  H.  Miller,  A.  S.  Eakle,  P.  Groth  and  A.  Arzruni,  P.  von 
Jeremejeff,  A.  Jahn,  K.  Jimbo,  F.  Sandberger,  L.  J.  Spencer,  P.  Geijer,  F.  L.  Hess, 
and  W.  T.  Schaller  ; the  crystals  of  hiibnerite  were  described  by  J.  J.  Bravo, 

E.  Bertrand,  S.  L.  Penfield,  R.  Tronquoy,  F.  L.  Hess,  D.  J.  Fisher,  and 
W.  T.  Schaller  : and  those  of  ferberite  by  C.  H.  Warren,  A.  J.  Moses,  O.  B.  Boggild, 

F.  L.  Hess,  and  W.  T.  Schaller.  P.  Groth  and  A.  Arzruni  found  the  optic  axial 
angles  for  red  Li-light  to  be  2Ha=93°  and  2H2=14:10  ; and  2F=75°.  E.  S.  Larsen 
gave  for  hiibnerite  2F=73°.  The  optical  characters  of  wolframite  and  of  hiibnerite 
are  positive.  E.  K.  Broch  calculated  the  following  lattice-constants,  in  A-units, 
from  the  X-radiograms  : 


a 

6 

c 

jS 

: b 

c 

Density 

MnW  04  . 

. 4-84 

5-76 

4-97 

89° 

r 

0-841 

1 

0-863 

7-18 

Hiibnerite. 

. 4-82 

5-76 

4-97 

89° 

r 

0-837 

1 

0-863 

7-25 

Wolframite 

. 4-78 

5-73 

4-98 

89° 

34' 

0-835 

1 

0-869 

7-34 

Ferberite  . 

. 4-71 

5-69 

4-95 

90° 

0' 

0-828 

1 

0-870 

7-58 

FeWG4  (and  reinite)  . 

. 4-70 

5-69 

4-93 

90° 

0' 

0-825 

1 

0-866 

7-61 

The  sp.  gr.  of  hiibnerite  is  about  7-2  or  7-3.  The  artificial  manganous  tung- 
state prepared  by  A.  Geuther  and  E.  Forsberg  had  a sp.  gr.  of  7*-l  ; A.  Breithaupt 
gave  for  the  numeral  7-14  ; R.  Tronquoy,  7-09  ; P.  Geijer,  7-283  ; and  W.  F.  Hille- 
brand,  7-177  at  24°.  The  sp.  gr.  of  ferberite  is  near  7-5,  though  A.  Geuther  and 

E.  Forsberg  gave  for  the  artificial  ferrous  tungstate  7-1  ; and  for  the  mineral, 
C.  F.  Rammelsberg  gave  7-169,  and  A.  Breithaupt,  6-801.  L.  Sipocz  gave  7-4581 
for  a variety  with  Fe  : Mn=2  : 1.  O.  Luedecke  gave  6-640  for  the  sp.  gr.  of  reinite. 
A.  Geuther  and  E.  Forsberg  gave  7-0  for  the  sp.  gr.  of  artificial  (0-3Fe,  0-7Mn)W04 ; 

F.  Mohs  gave  for  wolframite  7-155,  and  A.  F.  Gelilen,  7-097.  For  the  relation 
between  sp.  gr.  of  wolframite  and  the  percentage  amount  of  contained  tungsten 
trioxide,  the  Wolf  Tongue  Milling  Co.  gave  : 

W03  .1  5 10  15  20  25  30  35  40  44  per  cent. 

Sp.  gr.  . 2-724  2-821  2-951  3 096  3-263  3-432  3-629  3-850  4-094  4-323 

When  the  mineral  is  ground  to  an  impalpable  powder,  or  drawn  over  a surface  of 
rough  porcelain — the  so-called  streak  of  the  mineral — the  colour  with  ferberite 
is  dark  brown  or  nearly  black,  that  of  wolframite  is  dark  brown  to  reddish-brown, 
and  that  of  hiibnerite  is  brownish-red  or  greenish-yellow.  The  hardness  of  ferberite 
is  about  5,  so  that  it  is  easily  scratched  by  a pocket-knife,  that  of  hiibnerite  is  nearly 
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the  same — R.  Tronquoy  gave  approximately  4 and  added  that  the  hardness  on 
the  (OlO)-face  is  smaller  than  that  on  the  (OOl)-face — so  also  is  the  hardness  of 
wolframite  which  is  nearly  5.  V.  H.  Regnault  gave  0-09780  for  the  sp.  ht.  of 
crystals  of  wolframite  between  6°  and  98° ; H.  Kopp,  0-0930  between  21°  and  53° ; 
and  G.  Lindner,  0-09755  at  100°  ; 0-09840  at  200°  ; 0-09949  at  300° ; and  0-10015  at 
350°.  E.  S.  Larsen  gave  j3=2-40  for  the  index  of  refraction  of  ferberite  with  Li- 
light,  and  added  that  the  birefringence  is  large  ; for  wolframite  with  Li-light,  he 
found  a=2-26-2-31  ; jS=2-32  ; andy=^2-42  to  2-46  ; and  for  hiibnerite,  with  D-light, 
a=2-17-2-20 ; /?=2-22 ; and  y=2-30-2-32.  E.  Wartmann,  and  F.  Beijerinck 
found  wolframite  to  be  a non-conductor  of  electricity.  C.  Doelter  gave  for  the 
electrical  resistance,  R,  of  wolframite  : 

50°  150°  300°  400°  000°  780°  1000°  1100° 

R . . . 11050  690  110  43-8  11-7  419  219  0-83 

E.  T.  Wherry  observed  that  ferberite  is  a good  radio-detector.  B.  Bavink  measured 
the  magnetic  properties  of  crystals  of  wolframite.  A.  Ambronn  gave  241  X 10-f> 
mass  units  for  the  magnetic  susceptibility,  and  G.  Grenet,  35  X 10~6.  E.  F.  Smith 
found  that  wolframite  dissolves  when  it  is  heated  with  sulphur  monochloride. 

F.  R.  van  Horn  described  replacements  of  wolframite  by  scheelite. 

G.  Tammann 18  observed  that  ferrous  oxide  reacts  with  tungsten  trioxide 
between  480°  and  700°  forming  ferrous  tungstate,  FeW04,  and  D.  Balarefi  added 
that  the  reaction  proceeds  fastest  at  700°.  H.  Debray  obtained  ferrous  tungstate 
by  strongly  heating  a mixture  of  tungsten  trioxide  and  ferrous  oxide  in  a current 
of  hydrogen  chloride  ; and  A.  Geuther  and  E.  Forsberg  prepared  crystals  of  artificial 
ferberite  by  fusing  together  a mixture  of  sodium  tungstate,  ferrous  chloride,  and 
sodium  chloride  (1:2:  2).  E.  Zettnow  used  a similar  process.  The  lustrous, 
black  crystals  have  a sp.  gr.  7-1.  For  E.  K.  Broch’s  lattice-constants,  vide  supra. 
E.  F.  Anthon  obtained  the  trihydrate,  FeW04.3H20,  as  a light  brown  powder,  by 
adding  a soln.  of  a ferrous  salt  to  one  of  sodium  tungstate.  The  trihydrate  is  not 
dissolved  by  cold  hydrochloric,  sulphuric,  or  nitric  acid,  but  it  is  completely  dis- 
solved by  the  boiling  acids  with  the  separation  of  tungsten  trioxide  ; it  is  not 
soluble  in  water,  but  it  is  dissolved  by  boiling  phosphoric  acid,  and  by  hot  oxalic 
acid.  J.  Lefort  found  that  the  precipitate  obtained  by  adding  a soln.  of  normal  or 
acid  sodium  tungstate  to  one  of  ferrous  acetate  produces  a precipitate  too  unstable 
for  analysis  ; but  with  a soln.  of  ferric  acetate,  definite  ferric  tungstates  are  foimed, 
in  the  one  case  ferric  trioxytungstate,  2Fe203.3W03.6H20,  or  Fe203.Fe2(W04)3. 
6H20,  and  in  the  other  case  ferric  oxytungstate,  Fe203.2W03.4H20,  or  Fe20(  W01)2. 
4H20,  or  Fe(0H)(W04).l£H20.  Both  are  yellow  precipitates.  100  parts  of 
water  at  15°  dissolve  33-3  parts  of  the  former,  and  2 parts  of  the  latter.  According 
to  W.  T.  Schaller,  the  pale  yellow,  or  brownish-yellow  ochre  from  Deer  Trail, 
Washington,  consists  of  microscopic,  hexagonal  plates  which  are  optically  isotropic. 
The  composition  corresponds  with  ferric  dioxytungstate,  Fe202(  W04).6H20,  and 
he  called  the  mineral  ferritungstite.  E.  S.  Larsen  gave  for  the  indices  of  refraction 
of  ferritungstite,  a»=l-80,  and  e=l-72.  S.  Prakash  and  N.  R.  Dhar  studied  the 
properties  of  the  hydrogel  of  ferric  tungstate.  A.  Laurent  reported  a complex 
potassium  ferric  tungstate,  9K20.12H20.2Fe203.45W03+54H20,  to  be  formed 
by  melting  potassium  carbonate  and  nitrate  with  an  excess  of  wolframite,  and 
digesting  the  mass  with  water.  The  salt  separated  from  that  soln.  in  large  regular 
prisms.  The  soln.  of  the  salt  does  not  give  the  ordinary  reactions  for  ferric  iron. 
S.  Prakash  and  N.  R.  Dhar  prepared  a hydrogel  of  ferric  tungstate.  A.  Laurent 
obtained  a basic  salt  18K20.3H20.Fe203.45W03-f  54H20  ; and  barium  ferric 
tungstate,  21Ba0.2Fe203.45W03.27H20.  The  formulae  are  probably  not  correct, 
and  A.  Rosenheim  and  H.  Schwer  added  that  ihre  Darsiellung  ist  nicht  reproduzierbar 
— vide  infra,  dodecatungstates. 

F.  de  Carli 19  found  that  the  heating  curves  of  mixtures  of  cobaltous  oxide 
and  tungsten  trioxide  show  that  a reaction  commences  at  about  255°.  H.  Schultze 
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obtained  crystals  of  cobaltous  tungstate,  C0WO4,  by  melting  a mixture  of  sodium 
tungstate,  and  cobaltous  and  sodium  chlorides  (1:2:2);  E.  Zettnow  used 
the  proportions  6:1:6.  The  monoclinic  crystals  are  dark  green,  and  non-magnetic. 
When  powdered,  the  colour  of  the  crystal  is  violet.  E.  F.  Anthon  obtained  the 
anhydrous  salt  by  calcining  the  hydrate.  According  to  H.  Schultze,  and  E.  Zettnow, 
at  a red-heat  the  product  becomes  greenish-blue,  at  a higher  temp.,  bluish-black. 
E.  K.  Broch  gave  for  the  lattice  constants,  calculated  from  the  X-radiograms, 
a— 4*66  A.,  6=5-68  A.,  c=4-93  A.,a:b:  c=0-820  : 1 : 0-868,  and  £=90°  ; and  the 
calculated  density  is  7-76.  E.  F.  Anthon,  and  E.  F.  Smith  and  R.  H.  Bradbury 
treated  a soln.  of  normal  alkali  tungstate  with  one  of  a cobaltous  salt.  The  violet 
precipitate  when  washed  and  dried  forms  the  dihydrate,  CoW04.2H20,  which  loses 
its  water  at  a red-heat ; it  is  insoluble  in  water,  and  cold  nitric  acid  ; it  is  partially 
soluble  in  oxalic  acid  ; and  completely  soluble  in  warm  phosphoric  or  acetic  acid. 
A.  Carnot  said  that  the  grey  precipitate  produced  by  a cobaltous  salt  in  soln.  of 
ammonium  tungstate  becomes  rose-red  when  dried.  It  easily  oxidizes  in  air.  Its 
composition  is  8(NH4)20.2Co0.15W03.3H20.  E.  K.  Broch  found  the  crystals  of 
the  anhydrous  salt  to  be  monoclinic  like  those  of  the  magnesium  salt. 

F.  de  Carli  found  that  a mixture  of  mckelous  oxide  and  tungsten  trioxide  shows 
evidence  of  combustion  on  the  heating  curve  at  260°.  H.  Schultze  obtained  nickel 
tungstate,  NiW04,  by  fusing  a mixture  of  sodium  tungstate,  and  nickel  and  sodium 
chlorides  (1:2:2).  The  brown  rhombic  crystals  have  the  appearance  of  zinc 
blende.  E.  K.  Broch  found  that  the  crystals  are  monoclinic  like  those  of  the 
magnesium  salt ; and  the  lattice  constants,  calculated  from  the  X-radiograms,  are 
a=4-68  A.,  6=5-66  A.,  c=4-93  A.,  a : 6 : c=0-827  : 1 : 0-870,  and  )3=89°  4' ; and 
the  calculated  density  is  7-78.  F.  W.  Clarke  and  J.  L.  Davis  gave  6-8846  for  the 
sp.  gr.  at  20-5°,  and  6-8522  for  the  sp.  gr.  at  22°.  J.  Lefort  obtained  the  trihydrate, 
NiW04.3H20,  and  E.  F.  Anthon  the  hexahydrate,  NiW04.6H20,  as  a pale  green 
powder,  by  precipitation  from  mixtures  of  soln.  of  normal  potassium  tungstate  and 
a nickel  salt.  It  loses  its  water  when  heated  to  redness  ; it  is  insoluble  in  water, 
and  soln.  of  oxalic  acid  ; and  it  is  soluble  in  boiling  phosphoric  and  acetic  acids, 
as  well  as  in  warm  aq.  ammonia.  W.  Jander  gave  about  600  X 10- 6 for  the  electrical 
conductivity  of  nickel  tungstate  at  980°  ; and  he  also  obtained  values  for  the 
diffusion  coeff.  H.  O.  Schulze  studied  the  action  of  tungstic  acid  on  soln.  of  nickel 
chloride.  G.  L.  Clark  found  the  dissociation  temp,  of  nickel  hexamminotungstate, 
NiW04.6NH3,  to  be  393°  at  760  mm.  According  to  A.  Rogers  and  E.  F.  Smith, 
when  hydrated  nickel  sesquioxide  is  boiled  for  8 hrs.  with  an  ammoniacal  soln.  of 
ammonium  paratungstate,  and  the  blue  filtered  soln.  concentrated  by  evaporation, 
the  soln.  becomes  green  as  the  ammonia  is  expelled,  and  simultaneously  deposits 
a green  powder  which  redissolves  if  aq.  ammonia  is  added  forming  a blue  soln.  : 
if  the  soln.  be  kept  ammoniacal  during  the  evaporation,  a greenish- white,  crystalline 
powder  of  ammonium  nickelic  tungstate, 3(NH4)2O.Ni2O3.16WO4.22H20, is  formed. 
A second  ammonium  nickelic  salt  is  formed,  (NH4)20.Ni203.4W04.7H20,  if  ammonia 
be  passed  through  the  soln.  while  it  is  being  evaporated.  The  first  salt  is  sparingly 
soluble  in  water  once  it  has  separated  from  soln.,  and,  in  consequence,  salts  are 
best  obtained  by  double  decomposition  with  the  soln.  before  it  is  evaporated.  In 
this  way,  barium  chloride  furnishes  white,  insoluble  barium  nickelic  tungstate, 
19Ba0.Ni203.16W03. 

O.  W.  Gibbs  20  reported  green  or  yellowish-green  crystals  of  platinic  decatung- 
state,  Pt02.10W03.4H20,  to  be  formed  by  treating  the  barium  salt  with  sulphuric 
acid,  or  the  silver  salt  with  hydrochloric  acid  ; and  pale  yellow  platinic  cositung- 
state,  Pt02.20W03.9H20,  by  converting  the  corresponding  sodium  salt  into  the 
mercurous  salt,  adding  hydrochloric  acid,  and  spontaneously  evaporating  the  filtrate. 
According  to  O.  W.  Gibbs,  when  platinic  hydroxide  is  boiled  with  sodium  para- 
tungstate, two  isomeric  sodium  platinic  decatungstates,  4Na2O.Pt02.10W03.25H20, 
are  formed ; one  gives  olive-green  crystals,  and  the  other  honey-yellow  prisms. 
They  are  readily  soluble  in  water,  and  give  flocculent  or  crystalline  precipitates 
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with  the  heavy  metals,  and  the  higher  alkaloids.  U.  W.  Gibbs  reported  that  the 
deep  orange  soln.  of  platinic  hydroxide  in  sodium  paratungstate,  furnishes,  on 
standing,  crystals  of  sodium  platinic  decatungstate,  6Na2O.PtO2.10WO3.28H2O. 
According  to  A.  Rosenheim,  when  a soln.  of  a paratungstate  is  boiled  with  platinic 
hydroxide,  a large  portion  dissolves  forming  a deep  red  liquid ; when  the  mixture 
is  heated  in  a sealed  tube  at  250°  to  300°,  rather  more  platinic  hydroxide  dissolves, 
and  a deep  brownish-red  liquid  is  formed,  but  in  neither  case  could  0.  W.  Gibbs’ 
products  be  obtained.  A.  Rosenheim  suggested  that  O.  W.  Gibbs’  products  con- 
sisted of  paratungstates  containing  mechanically-occluded  platinic  hydroxide, 
coloured  by  partial  reduction.  Soln.  of  metatungstates  dissolve  platinic  hydroxide 
in  considerable  quantities  on  boiling,  and  still  more  readily  when  heated  in  a sealed 
tube,  although  platinic  hydroxide  is  quite  insoluble  in  water,  even  when  heated 
with  it  in  a sealed  tube  at  300°  ; on  evaporating  these  soln.,  even  under  diminished 
press.,  nothing  but  the  unaltered  reagents  was  obtained.  When  a cone.  soln.  of 
normal  sodium  tungstate  is  boiled  with  platinic  hydroxide,  the  soln.  becomes  faintly 
yellowish,  much  less  platinic  hydroxide  being  dissolved  than  in  the  case  of  the  acid 
salts ; this  is  opposed  to  the  view  that  platinic  hydroxide  acts  as  an  acid . The 
strongly  alkaline  soln.  is  filtered  as  quickly  as  possible,  and,  on  cooling,  a neutral 
compound,  exhibiting  the  reactions  of  a paratungstate,  separates  from  the  filtrate 
in  small  yellow  needles  of  sodium  platinic  heptatungstate,  5Na20.7W03.2Pt02. 
35H20  ; this  cannot  be  recrystallized,  as  it  then  undergoes  decomposition  ; on  this 
account  a further  yield  is  not  obtained  by  concentrating  the  mother-liquor,  and  the 
compound  cannot  be  prepared  from  dil.  soln.  of  sodium  metatungstate.  It  is  a 
double  salt  of  sodium  paratungstate  (1  mol.)  and  sodium  platinate  (2  mols:),  as 
the  following  experiment  proves.  When  the  calculated  quantities  of  sodium  para- 
tungstate and  platinic  hydroxide  are  boiled  with  sodium  hydroxide  soln.,  the  same 
salt  is  formed,  but  this  is  not  the  case  if  sodium  hydroxide  is  excluded.  It  appears, 
therefore,  that  platinic  hydroxide  has  very  weak  acidic  properties  (comparable 
with  those  of  alumina),  which  it  exhibits  only  with  such  alkaline  salts  as  normal 
tungstates  ; it  dissolves  in  para-  or  meta-tungstates  as  a base. 

0.  W.  Gibbs  gradually  added  hydrochloroplatinic  acid  to  a boiling  soln.  of 
sodium  tungstate  containing  a considerable  excess  of  sodium  hydroxide,  and 
treated  the  yellow  soln,  with  an  excess  of  acetic  acid.  Topaz-yellow  crystals  of 
sodium  platinic  cositungstate,  9Na2O.PtO2.20WO3.58H2O,  were  formed.  The 
salt  loses  water  and  oxygen  when  heated.  It  can  be  recrystallized  without  decom- 
position ; the  soln.  is  acidic  to  litmus.  With  ammonium  chloride,  the  soln.  gives 
a precipitate  of  sodium  ammonium  1 : 4-paratungstate  ; thallous  nitrate  gives  a 
granular  precipitate — thallous  platinic  cositungstate  ; cobaltic  hexammino- 
. trichloride,  pale  brown  plates — cobaltic  platinic  hexamminocositungstate  ; copper 
sulphate,  a pale  blue  precipitate — copper  platinic  cositungstate  ; silver  nitrate, 
a white  precipitate — silver  platinic  cositungstate  ; and  mercurous  nitrate,  a pale- 
yellow,  amorphous  precipitate — mercurous  platinic  cositungstate.  By  boiling 
platinic  hydroxide  with  sodium  paratungstate  honey-yellow  crystals  of  sodium 
platinic  triacontatungstate,  12Na2O.PtO2.30WO3.72H2O,  are  formed.  The  salt  is 
dehydrated  on  a water-bath.  0.  W.  Gibbs  also  obtained  sodium  diplatinic  triacon- 
tatungstate, 15Na2O.2PtO2.30WO3.89H2O,  in  dull,  yellow  crystals,  easily  soluble 
in  water,  by  the  action  of  hydrochloroplatinic  acid  on  sodium  tungstate  in  the  pre- 
sence of  an  excess  of  sodium  hydroxide,  and  then  treating  the  soln.  with  an  excess 
of  acetic  acid.  The  aq.  soln.  is  acid  to  litmus,  and  with  an  ammonium  salt  furnishes 
ammonium  diplatinic  triacontatungstate ; with  a potassium  salt,  potassium 
diplatinic  triacontatungstate  ; with  barium  chloride,  barium  diplatinic  triaconta- 
tungstate ; and  with  mercurous  nitrate,  mercurous  diplatinic  triacontatungstate, 

0.  W.  Gibbs  added  that  qualitative  tests  indicate  that  iridium,  ruthenium, 
palladium,  and  osmium  form  similar  salts. 
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§ 13.  The  Ditungstates  and  Tritungstates 

The  conditions  of  equilibrium  of  lithium  ditungstate,  Li2W207,  according  to 
J.  A.  M.  van  Liempt,1  and  F.  Hoermann  are  shown  in  Fig.  25.  The  crystals  are 
probably  rhombic,  and  the  compound  melts  at  745°,  and  has  a transition  point  at 
687°.  G.  von  Knorre  melted  a mixture  of  a mol  of  sodium  carbonate" and  2 mols 
of  tungsten  trioxide  and  obtained,  on  cooling,  a mass  of  acicular — probably  rhombic 
— crystals  of  sodium  ditungstate,  Na20.2W03.  It  dissolves  completely  when 
heated  for  some  hours  with  water  at  130°-150°,  and  the  alkaline  soln.  does  not 
crystallize  ; it  contains  sodium  tungstate  and  metatungstate.  I.  Traube  found  the 
drop  weight  of  the  molten  salt  to  be  189  when  that  of  water  at  0°  is  100.  F.  Hoer- 
mann, and  J.  A.  M.  van  Liempt  studied  the  conditions  of  equilibrium,  Fig.  25 ; 
the  compound  has  a m.p.  of  738°,  and  a transition  temp,  of  747°.  V.  I.  Spitzin 
and  L.  Kaschtanofl  found  the  reaction  with  hydrogen  chloride  is  to  form  the  oxydi- 
chloride  and  normal  tungstate  which  reacts  as  previously  indicated.  C.  Scheibler 
studied  the  action  of  phosphoric  acid  on  the  tungstate. ; and  J.  Lefort  obtained 
quinine  ditungstate  by  the  action  of  a soln.  of  quinine.  J.  Lefort  reported  the  hexa- 
hydrate  to  be  formed  in  prismatic  crystals  when  a cold,  sat.  soln.  of  sodium  tungstate 
is  mixed  with  acetic  acid — if  oxalic  acid  is  used,  the  product  is  contaminated  with 
sodium  oxalate.  The  salt  is  stable  in  air ; it  melts  in  its  own  water  of  crystallization ; 
and  100  parts  of  water  at  15°  dissolve  13  parts  of  the  salt.  G.  von  Knorre  could 
not  prepare  this  salt,  but  always  obtained  the  paratungstate  instead.  C.  Friedheim 
reported  that  prismatic  crystals  of  the  dodecahydrate  separate  from  the  mother- 
liquor  obtained  in  preparing  sodium  vanadato tungstate.  It  is  decomposed  by  water 
into  normal  tungstate  and  paratungstate.  For  the  observations  of  V.  I.  Spitzin, 
and  others,  on  the  reduction  of  the  ditungstates,  vide  supra,  sodium  bronzes. 
A.  Riche  fused  an  equimolar  mixture  of  tungsten  trioxide  and  potassium  tungstate, 
poured  the  mass  on  a cold  marble  slab,  and  obtained  a colourless  crystalline  mass. 
E.  F.  Anthon  made  a similar  experiment.  According  to  J.  Lefort,  if  acetic  or 
oxalic  acid  is  gradually  poured  into  a cold,  cone.  soln.  of  potassium  tungstate,  a 
white,  curdy  precipitate  of  potassium  ditungstate,  K20.2W03.2H20,  is  formed. 
100  parts  of  water  at  15°  dissolve  8 parts  of  the  dihydrate.  If  the  soln.  in  boiling 
water  be  cooled,  the  trihydrale  separates  out.  100  parts  of  water  dissolve  2 to  3 
parts  of  the  salt.  M.  Amadori’s  thermal  analysis  showed  that  a potassium  ditung- 
state exists.  As  in  the  case  of  sodium  ditungstate,  G.  von  Knorre  could  not  verify 
J.  Lefort’s  observations,  since  the  paratungstate  was  always  formed.  O.  W.  Gibbs, 
C.  Gonzales,  and  E.  F.  Smith  were  unable  to  confirm  J.  Lefort’s  observation — vide 
infra,  the  decatungstates.  J.  A.  M.  van  Liempt’s  study  of  the  system  K2W04.W03 
does  not  show  the  existence  of  any  stable  ditungstate,  Fig.  33. 

E.  F.  Anthon  said  that  if  a soln.  of  a copper  salt  is  treated  with  an  alkali  ditung- 
state,  a pale  green  precipitate  of  copper  ditungstate,  Cu0.2W03.4H20,  is  formed. 
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It  is  decomposed  by  heat,  with  the  loss  of  water.  It  is  then  brown.  The  salt  is 
soluble  in  aq.  ammonia,  and  is  decomposed  by  nitric  acid.  Many  of  the  ditung- 
states reported  by  the  early  workers  appear  to  have  been  paratungstates.  J.  Lefort 
obtained  anhydrous  calcium  ditungstate,  Ca0.2W03,  as  a white  precipitate  by 
treating  a soln.  of  calcium  acetate  with  sodium  ditungstate  at  15°.  100  parts  of 
water  dissolve  0-2  part  of  the  salt.  If  the  mother-liquor  be  evaporated,  or  if  the 
precipitate  be  boiled  with  water,  white  plates  of  the  trihydrate  are  formed.  At 
15°,  100  parts  of  water  dissolve  3-3  parts  of  the  salt.  E.  F.  Anthon  obtained  what 
he  regarded  as  strontium  ditungstate,  Sr0.2W03.4H20,  by  double  decomposition; 
and  J.  Lefort  obtained  a trihydrate  as  a white  precipitate  by  the  action  of  a soln. 
of  sodium  ditungstate  on  one  of  strontium  acetate.  E.  F.  Anthon’s  product  was 
insoluble  in  cold  water,  but  soluble  in  hot  phosphoric  and  oxalic  acids.  J.  Lefort 
prepared  barium  ditungstate,  Ba0.2W03.H20,  as  in  the  case  of  the  calcium  salt. 
It  is  more  soluble  in  water  than  normal  barium  tungstate.  J.  Lefort  prepared 
magnesium  ditungstate,  Mg0.2W03.8H20,  by  warming  a mixture  of  magnesium 
hydroxide  with  an  excess  of  tungstic  acid,  and  a little  water  on  a sand-bath  for 
several  hours’  replacing  the  water  lost  by  evaporation  from  time  to  time.  Prismatic 
crystals  are  formed  ; at  15°,  100  parts  of  water  dissolve  one  part  of  salt.  An  aq. 
soln.  of  magnesium  tritungstate  deposits  a basic  salt,  3Mg0.2W03.4H20,  after 
some  hours.  J.  Lefort  obtained  zinc  ditungstate,  Zn0.2W03.3H20,  in  acicular 
crystals,  by  concentrating  a mixed  soln.  of  a zinc  salt  and  sodium  ditungstate ; 
100  parts  of  water  at  15°  dissolve  10  parts  of  the  salt.  E.  F.  Anthon  treated  an 
excess  of  a boiling  soln.  of  mercuric  chloride  with  sodium  tungstate  and  obtained 
a white  insoluble  precipitate  of  mercuric  ditungstate,  Hg0.2W03,  which  is  decom- 
posed by  soda-lye  to  form  red  mercuric  oxide. 

J.  Lefort  mixed  soln.  of  lead  acetate  and  sodium  ditungstate  and  obtained 
lead  ditungstate,  Pb0.2W03.2H20,  as  a white  precipitate  which  loses  its  water 
when  heated ; it  melts  at  a red-heat ; and  at  15°,  100  parts  of  water  dissolve 
1-25  parts  of  salt.  J.  Lefort  mixed  soln.  of  bismuth  acetate  and  sodium  tritung- 
state in  the  presence  of  alcohol,  and  obtained  bismuth  ditungstate,  Bi2(W207)3. 
8H20,  as  a white  precipitate. 

E.  F.  Anthon  obtained  ferrous  ditungstate,  Fe0.2W03.2H20,  as  a brick-red  or 
brown  precipitate  by  treating  a soln.  of  a ferrous  salt  with  an  alkali  ditungstatc 
— J.  J.  Ebelmen  used  ammonium  ditungstate.  The  salt  is  not  soluble  in  water, 
but  it  dissolves  in  hot  oxalic  or  phosphoric  acid  ; dil.  hydrochloric  acid  extracts 
the  iron,  but  with  the  cone,  acid  some  ferrous  iron  is  oxidized  and  some  blue  tungsten 
oxide  is  formed.  Cold  alkali-lye  extracts  tungsten  trioxide.  E.  F.  Anthon  obtained 
a reddish-brown  precipitate  of  cobalt  ditungstate,  Co0.2W03.3H20,  by  treating  a 
cobalt  salt  soln.  with  sodium  ditungstate.  The  precipitate  is  insoluble  in  water, 
sparingly  soluble  in  oxalic  acid,  and  soluble  in  warm  phosphoric  acid,  acetic  acid, 
and  aq.  ammonia.  E.  F.  Anthon  also  reported  nickel  ditungstate,  Ni0.2W03.4H20. 
As  indicated  above,  many  of  these  ditungstates  are  now  thought  to  be  paratung- 
states. 

J.  C.  G.  de  Marignac  2 obtained  normal  ammonium  tungstate  by  evaporating 
over  quicklime  a soln.  of  hydrated  tungstic  acid  in  aq.  ammonia  ; but,  on  one 
occasion  he  obtained  ammonium  tritungstate,  4(NH4)20.3W03.3H20,  in  indistinct 
crystals  which  dissolve  in  aq.  ammonia,  forming  the  normal  salt ; the  aq.  soln. 
soon  deposits  crystals  of  the  normal  salt.  E.  T.  Allen  and  Y.  H.  Gottschalk  added 
hydroxylamine  hydrochloride  to  a soln.  of  sodium  tungstate,  and  obtained  white 
crystals  of  hydroxylamine  tritungstate,  4(NH20H).3W03.3H20.  When  dry,  the 
colour  is  pale  yellow.  The  salt  decomposes  vigorously  when  heated  ; and  it  is 
freely  soluble  in  water. 

0.  Scheibler  obtained  sodium  tritungstate,  2Na20.3W03.7H20,  as  a decomposi- 
tion product  of  sodium  paratungstate,  for  when  that  salt  is  heated  to  redness,  and 
when  cold,  extracted  with  water,  a tetratungstate  remains  undissolved.  The  aq. 
extract,  on  evaporation,  furnishes  first  a crop  of  crystals  of  paratungstate,  and 


TUNGSTEN 


811 


then  a crop  of  the  tritungstate.  This  salt  melts  at' a dull  red-heat;  it  is  freely 
soluble  in  water  ; and  the  aq.  soln.  reacts  alkaline.  J.-Lefort  studied  the  action  of 
quinine  on  the  alkali  tritungstates.  J.  Lefort  obtained  the  tritungstate, 
Na20.3W03.4H20,  by  adding  a cone.  soln.  of  sodium  ditungstate,  drop  by  drop, 
to  boiling  acetic  acid.  The  white,  gelatinous  precipitate  dissolves  in  its  own 
weight  of  water,  and  the  aq.  soln.  when  evaporated  over  quicklime  and  sulphuric 
acid,  furnishes  prismatic  crystals.  According  to  J.  Lefort,  if  a cone.,  aq.  soln.  of 
normal  potassium  tungstate  is  poured  into  boiling  cone,  acetic  acid,  potassium 
tritungstate,  K20.3W03.2H20,  is  formed  ; but  if  the  soln.  is  not  filtered  at  once, 
the  metatungstate  is  formed.  The  white  precipitate  is  soluble  in  5 or  6 times  its 
weight  of  water  at  15°.  The  salt  is  obtained  in  fine  needles  and  prisms  when  the 
aq.  soln.  is  evaporated  over  quicklime,  and  cone,  sulphuric  acid.  If  the  aq.  soln. 
is  boiled  a long  time,  the  ditungstate  is  formed  which  separates  in  scaly  crystals, 
while  the  normal  tungstate  remains  in  soln.  If  boiled  with  acetic  acid,  for  a long 
time,  the  metatungstate  is  produced.  M.  Amadori’s  thermal  analysis  showed  that 
a tritungstate  of  potassium  can  exist ; and  F.  Hoermann’s  equilibrium  diagram, 
Fig.  35,  shows  that  potassium  tritungstate  has  an  incongruent  m.p.  at  660°. 

J.  Lefort  was  unable  to  prepare  copper  tritungstate,  Cu0.3W03.nH20,  by  adding 
alcohol  to  a soln.  of  aq.  proportions  of  copper  acetate  and  sodium  tritungstate. 
J3v  mixing  soln.  of  calcium  acetate  and  sodium  tritungstate,  J.  Lefort  obtained 
a white,  curdy  precipitate  of  calcium  tritungstate,  Ca0.3W03.6H20,  soluble  in 
cold  water ; and  similarly  with  strontium  tritungstate,  Sr0.3W03.5H20  ; and 
with  barium  tritungstate,  Ba0.3W03.4H20.  At  15°,  100  parts  of  water  dissolve 
0-33  part  of  the  salt.  The  tetrahydrate  is  not  decomposed  by  cold  water,  but  with 
boiling  water,  the  ditungstate  and  tetratungstate  are  formed.  C.  Scheibler  obtained 
the  hexahydrate  as  a white  powder  by  the  action  of  cold  water  on  barium  meta- 
tungstate. J.  Lefort  obtained  white  magnesium  tritungstate,  Mg0.3W03.4H20, 
by  pouring  a mixed  soln.  of  magnesium  acetate  and  sodium  tritungstate  into 
! alcohol.  The  salt  is  soluble  in  water,  and  after  the  soln.  has  stood  for  some  hours, 
deposits  a basic  salt,  3Mg0.2W03.4H20.  0.  W.  Gibbs  obtained  zinc  tritungstate, 
Zii0.3W03.5H20,  which  he  represented  by  2Zn0.6W03.10H20,  by  heating  a soln. 
of  sodium  pentatungstate  mixed  with  zinc  sulphate.  The  soln.  deposits  aggregates 
I of  acicular  crystals  which  are  almost  insoluble  in  boiling  water,  but  soluble  in  soln. 
i of  zinc  sulphate,  and  sodium  tungstate.  J.  Lefort  obtained  cadmium  tritungstate, 

I Cd0.3W03.4H20,  as  a white  precipitate  by  adding  alcohol  to  a mixed  soln.  of 
cadmium  acetate  and  sodium  tritungstate,  and  allowing  the  liquid  to  stand. 
J.  Lefort  obtained  mercurous  tritungstate,  2Hg20.3W03.8H20,  by  dissolving 
mercurous  nitrate,  by  the  aid  of  glycerol,  in  water,  and  pouring  the  filtered  soln. 
into  a cone.  soln.  of  sodium  ditungstate.  The  pale  yellow,  stable  precipitate  loses 
water  when  warmed  ; 100  parts  of  water  dissolve  one  part  of  the  salt ; but  he  was 
unable  to  obtain  a tritungstate  by  pouring  the  soln.  of  mercurous  nitrate  in  glycerol 
into  a soln.  of  sodium  tritungstate.  The  white  precipitate  first  formed  immediately 
blackened  owing  to  the  separation  of  mercury.  E.  F.  Anthon  treated  a soln.  of 
mercuric  nitrate  with  normal  sodium  tungstate  and  obtained  mercuric  tritung- 
state,  2Hg0.3W03,  as  a white,  insoluble  powder.  J.  Lefort  obtained  the  hepta- 
hydrate,  Hg0.3W03.7H20,  by  pouring  a soln.  of  2 eq.  of  sodium  di tungstate  into  a 
sat.  soln.  of  an  cq.  of  mercuric  chloride,  and  allowing  the  soln.  to  crystallize.  The 
prismatic  crystals,  when  heated,  lose  water  while  retaining  their  external  crystalline 
form.  At  15°,  100  parts  of  water  dissolve  0-83  part  of  salt.  J.  Lefort  mixed  soln. 
j of  lead  acetate  and  sodium  tritungstate  in  excess,  and  obtained  lead  tritungstate, 
Pb0.3W03.2H20,  as  a white  powder,  which  is  very  sparingly  soluble  in  water  with 
partial  decomposition. 

C.  F.  Rammelsberg  added  ordinary  ammonium  tungstate  to  an  aq.  soln.  of 
uranium  tetrachloride,  and  obtained  uranium  tritungstate  as  a brownish -green 
precipitate,  (U02)3W03.6H20.  Boiling  potash-lye  extracts  all  the  tungsten  trioxide 
from  the  moist  precipitate,  but  only  part  if  the  precipitate  has  been  dried  ; and 
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similarly  with  aq.  ammonia.  Nitric  acid  extracts  the  uranium,  and  leaves  the 
tungsten  trioxide.  This  compound  is  used  in  the  manufacture  of  fluorescent  screens 
for  X-ray  work.  J.  Lefort  prepared  uranyl  tritungstate,  UO2.W3O10.5H2O,  from 
a soln.  of  uranium  acetate  and  sodium  tritungstate. 

J.  Lefort  obtained  manganous  tritungstate,  Mn0.3W03.5H20  (dried  at  100°), 
by  adding  alcohol  to  a mixed  soln.  of  manganous  acetate  and  sodium  tritungstate. 
The  precipitate  is  decomposed  by  cold  or  hot  water  forming  di-  and  tetra-tungstates. 
J.  Lefort  prepared  cobalt  tritungstate,  Co0.3W03.4H20,  in  the  case  of  manganous 
tritungstate.  The  rose-red  precipitate  is  decomposed  by  water.  Greenish-white 
nickel  tritungstate,  Ni0.3W03.4H20,  was  similarly  obtained. 
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§ 14.  The  Paratungstates 

The  alkali  tungstates  are  numerous  and  unusually  complex.  Salts  of  essentially 
different  formulae  approach  so  closely  in  percentage  composition,  that  the  differences  lie 
very  near  the  unavoidable  errors  of  analysis.  The  analyses  are  hardly  sufficiently  close 
to  decide  the  question  upon  purely  analytical  grounds. — O.  W.  Gibbs. 

The  so-called  paratungstates  are,  in  the  literature,  represented  by  the  formula 
3R20.7W03.*iH20,  or  by  5R20.12W03.nH20 — vide  supra,  paratungstic  acid. 
A.  Rosenheim 1 employed  the  co-ordinate  formula  R5H5[H2(W04)6].nH20.  The  usual 
product  of  the  action  of  tungstic  acid  on  aq.  ammonia  is  ammonium  paratungstate, 
5(NH4)20.12W03.11H20,  or  3(NH4)20.7W03.6H20,  or  (NH4)5H5[H2(W04)6]H20. 
Thus,  by  concentrating  an  ammoniacal  soln.  of  normal  ammonium  tungstate, 
or  a soln.  of  tungstic  acid  in  aq.  ammonia,  T.  M.  Taylor,  W.  Lotz,  E.  F.  Anthon, 
and  J.  C.  G.  de  Marignac  obtained  crystals  of  this  salt.  L.  A.  Hallopeau  obtained 
it  from  a soln.  of  paratungstic  acid  neutralized  by  ammonia  ; and  E.  Schaefer,  by 
the  electrolysis  of  a soln.  of  ammonium  tungstate  in  a compartment  cell — vide 
infra,  sodium  paratungstate.  For  C.  Friedheim  and  R.  Meyer’s  process  for 
preparing  the  salt  free  from  molybdenum,  vide  infra,  sodium  paratungstate. 
T.  M.  Taylor  observed  that  a hot  soln.  furnishes  needles  of  the  pentahydrate,  but, 
if  the  soln.  is  just  warm,  plates  of  the  henahydrate  are  produced.  According  to 
J.  C.  G.  de  Marignac,  the  pentahydrate  forms  monoclinic  prisms  with  the  axial 
ratios  a:  b:  c— 1-0442  ; 1 : 0-7871,  and  jS=109°  50'.  Twinning  occurs  about  the 
(OOl)-plane.  The  salt  loses  2-15  per  cent,  of  water  at  100°  ; and  ammonia  begins 
to  come  off  at  60°.  The  hot  aq.  soln.  deposits  crystals  of  the  penf  atungstate. 
According  to  0.  W.  Gibbs,  a soln.  of  commercial  ammonium  tungstate  in  aq. 
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ammonia,  when  filtered,  and  treated  with  acetic  acid,  furnishes  crystals  of  the 
: hexahydrale,  5(NH4)20.12W03.6H20  ; A.  Rosenheim  and  A.  Wolff  showed  that 
the  salt  forms  both  the  henahydrate  and  the  heptahydrate — vide  infra. 

The  henahydrate  was  analyzed  by  J.  C.  G.  de  Marignac,  W.  Lotz,  C.  Scheibler, 
A.  Riche,  E.  Wegelin,  J.  J.  Berzelius,  E.  F.  Anthon,  L.  A.  Hallopeau,  A.  Laurent, 
E.  Schaefer,  and  A.  Pinagel.  According  to  A.  Laurent,  the  salt  is  dimorphous, 
and,  added  E.  F.  Anthon,  needles  are  obtained  if  slowly  crystallized,  and  plates 
if  rapidly  crystallized  ; while  A.  Riche  said  that  needles  are  deposited  from  a 
soln.  at  50°-60°  ; and  plates  from  a cold  soln.  ; and  E.  Zettnow,  that  a warm  soln. 
furnishes  scaly  crystals  and  a cold  soln.,  prisms.  According  to  J.  C.  G.  de  Marignac, 
the  needles  are  pseudorhombic  with  the  axial  ratios  a : b : c=0-7995  : 1 : 0-4582, 
and  K.  H.  T.  Kerndt  added  that  the  crystals  are  complex  twinned  forms 
of  monoclinic  plates.  The  crystals  were  also  discussed  by  J.  Schabus. 
J.  C.  G.  de  Marignac  said  that  the  plates  are  triclinic  pinacoids  with  the  axial 
ratios  a : b : c=0-9785  : 1 : 0-12154,  and  a=65°  47',  0=117°  33',  and  y=119°  2'. 
J.  J.  and  F.  de  Elhuyar  said  that  the  crystals  are  stable  in  air,  but  they  cannot 
be  dehydrated  without  the  loss  of  ammonia.  According  to  A.  Riche,  W.  Lotz, 
and  J.  C.  G.  de  Marignac,  the  acicular  form  at  100°  loses  from  3-23  to  3-87  per  cent, 
of  water ; and  the  tabular  form  3-80  to  4-72  per  cent.  J.  J.  and  F.  de  Elhuyar 
found'  that  at  a red-heat  the  salt  is  decomposed  giving  off  water,  ammonia,  and 
nitrogen,  and  leaving  behind  the  blue  oxide  or,  if  air  be  present,  tungsten  trioxide 
• — as  a pseudomorph  of  the  tungstate  (E.  F.  Anthon).  T.  M.  Taylor  found  that 
at  100°,  the  acicular  crystals  lose  6 mols.  of  water ; and  inferred  that  the  remaining 
5 mols.  are  more  closely  associated  in  the  molecule ; and  from  the  easy  transforma- 
tion of  the  para-  into  the  meta-tungstate  it  is  assumed  that  the  4 mols.  of  ammonia 
in  the  para-salt  are  differently  combined  in  the  molecule.  If  the  henahydrate  is 
deposited  from  a warm  soln.,  continuously  stirred,  W.  Lotz  said  that  it  is  only 
sparingly  soluble  in  water.  E.  F.  Anthon  found  that  100  parts  of  cold  water 
dissolve  3-6  to  4-0  parts  of  the  salt ; W.  Lotz,  3-83  parts  at  10-7°,  and  1-69  parts 
at  100°  ; A.  Riche,  3-003  parts  in  the  cold,  and  10-7  parts  at  100°  ; and  J.  C.  G.  de 
Marignac,  2-63  to  4-54  parts  at  15°  to  18°.  A.  Rosenheim  and  A.  Wolff  found 
the  solubility  of  the  ammonium  salt,  S grms.  of  5(NH4)20.12W03  in  100  grms.  of 
soln.,  to  be  : 

17°  25°  35°  49°  52°  02°  70° 

S . . 1-064  1-586  2-424  4-341  3-280  6-145  7-971 


11-hydrate  7-hydrate 

— vide  the  normal  tungstate  for  its  existence  in  aq.  soln.  W.  Lotz  added  that  the 
salt  loses  ammonia  in  boiling  water,  forming  the  more  soluble  metatungstate,  and 
J.  C.  G.  de  Marignac  also  noted  that  the  salt  gradually  changes  in  aq.  soln.  B.  Kellner 
observed  that  the  soln.  of  the  salt  in  hydrogen  dioxide  is  yellow,  and  when  dried, 
it  leaves  an  amorphous  mass.  E.  F.  Smith  observed  that  aniline  hydrochloride  gives 
no  precipitate  with  sodium  and  ammonium  tungstates  and  meta-tungstates,  but 
gives  one  with  the  paratungstate  before,  not  after,  the  soln.  is  boiled.  This  shows 
that  boiling  water  hydrolyzes  the  paratungstate  into  one  of  the  other  salts. 
According  to  T.  M.  Taylor,  if  dry  ammonia,  at  about  14  mm.  press.,  is  passed  over 
the  acicular  crystals,  at  100°  to  250°,  about  9 mols.  of  water  are  given  off  ; and  at 
100°-160°  ammonia  is  absorbed  to  the  extent  of  3-2  mols.  at  130°,  but  the  actual 
amount  varies  wfith  the  temp.  At  250°,  the  colloidal  salt  is  formed  containing 
tungsten  trioxide.  The  composition  of  the  product,  assuming  that  a common 
nucleus,  NH40H.2W03,  is  present,  can  be  represented  by  the  mol.  ratios : 
(NH4OH.2W03) : NH4OH  : NH3  at  100°  is  6 : 1 : 4 ; at  110°-120°,  6:1:5; 
at  130°-140°,  6:1:6;  at  160°,  6:2:2;  at  200°,  6:2:1;  and  at  250°, 
4(NH40H.2W03).4W03.4NH3.  E.  F.  Anthon  found  the  salt  to  be  insoluble  in 
alcohol.  D.  Klein  studied  the  action  of  boric  acid  on  the  salt.  A.  Laurent,  and 
J.  C.  G.  de  Marignac  evaporated  a soln.  of  ammonium  paratungstate  mixed  with 
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a little  nitric  acid,  or  a soln.  of  ammonium  paratungstate  mixed  with  an  excess  of 
ammonium  nitrate,  and  obtained  hexagonal,  prismatic  crystals  of  ammonium 
nitratometatungstate,  NH4N03.2(NH4)2W4013.4H20.  The  salt  loses  half  its 
water  at  100°  ; and  when  heated,  decrepitates,  and  decomposes  without  melting. 

C.  Scheibler  prepared  lithium  paratungstate,  5Li20.12W03.33H20,  or 
3Li20.7W03.19H20,  by  adding  tungstic  acid  to  a soln.  of  lithium  carbonate  until 
the  mixture  is  neutral  to  litmus  ; and  evaporating  slowly  over  cone,  sulphuric 
acid.  The  rhombic  plates  or  prisms  are  stable  in  air,  and  the  salt  is  more  soluble 
in  water  than  the  corresponding  sodium  or  potassium  salt.  The  ordinary  sodium 
tungstate  of  commerce  is  sodium  paratungstate,  5Na20.12W03.mH20, 
3Na20.7W03.nH20.  F.  Wohler,  and  F.  J.  Malaguti  prepared  a salt  with  the 
composition  Na20  : W03=3  : 7 by  fusing  sodium  tungstate  with  the  required 
proportion  of  tungsten  trioxide.  The  hydrated  salt  is  manufactured  by  fusing 
wolframite  with  soda-ash,  lixiviating  the  product  with  water,  nearly  neutralizing 
the  boiling  soln.  with  hydrochloric  acid,  and  crystallizing — vide  supra,  the  extrac- 
tion of  tungsten.  Aq.  soln.  of  the  salt  were  obtained  by  E.  F.  Anthon  by  saturating 
a soln.  of  sodium  hydroxide,  carbonate,  or  tungstate  with  tungstic  acid  ; by 
C.  Scheibler,  0.  W.  Gibbs,  G.  von  Knorre,  and  C.  Gonzalez,  by  treating  a boiling 
soln.  of  sodium  tungstate  with  hydrochloric  acid  until  it  is  faintly  acid  to  litmus 
— C.  Friedheim  and  R.  Meyer  recommended  the  process  for  preparing  the  salt 
free  from  molybdenum  previously  described  in  connection  with  the  extraction 
of  tungsten  ; by  V.  Forcher,  by  saturating  an  aq.  soln.  of  normal  sodium  tungstate 
with  carbon  dioxide ; by  G.  von  Knorre,  by  mixing  soln.  of  5-8  grms.  of 
Na20.4W03.10H20  and  of  2 grms.  of  Na20.W03.2H20  ; and  by  E.  Schaefer,  by 
the  electrolysis  of  a soln.  of  sodium  tungstate  in  a compartment  cell.  The  current 
acts  by  removing  sodium  hydroxide  from  the  normal  tungstate.  A.  Lottermoser 
thus  described  the  process  : 

A soln.  of  51  grms.  of  dihydrated  normal  sodium  tungstate  in  200  c.c.  of  water  is 
placed  in  a 250  c.c.  porous  pot  which  stands  in  a beaker  containing  750  c.c.  of  0-1^7-NaOH. 
An  anode  consisting  of  a coil  of  platinum  wire  is  placed  in  the  porous  cell,  and  the  electrolysis 
carried  out  with  a current  of  2 amperes  until  the  sodium  hydroxide  has  increased  in  con- 
centration by  the  calculated  amount.  When  this  state  is  reached,  the  anode  solution  is 
allowed  to  crystallize  ; sodium  paratungstate  separates  in  large,  vitreous  crystals. 

Several  hydrates  have  been  reported  to  have  been  obtained  from  the  aq.  soln. 
of  sodium  paratungstate.  If  the  soln.  be  evaporated  at  ordinary  or  slightly  elevated 
temp.,. the  octocosihydrate,  5Na20.12W03.28H20,  or,  according  to  C.  Scheibler, 
3Na20.7W03.16H20,  is  formed.  Analyses  were  reported  by  A.  Laurent,  J.  C.  G.  de 
Marignac,  E.  Zettnow,  O.  W.  Gibbs,  G.  von  Knorre,  C.  Friedheim  and  R.  Meyer, 
and  L.  A.  Hallopeau.  E.  F.  Anthon  gave  Na20  : W03  : H20— 1 : 2 : 4 ; W.  Lotz, 
3 : 7 : 14  ; and  V.  Forcher,  2:5:  12.  The  colourless  or  white  crystals  were 
found  by  J.  C.  G.  de  Marignac  to  be  triclinic  pinacoids  with  the  axial  ratios 
a : b : c=0-5341  : 1 : M148,  and  a=93°  56'  ; 0=113°  36'  ; and  y= 85°  55'.  The 
habit  is  usually  tabular.  C.  Scheibler  thought  that  the  crystals  were  monoclinic, 
and  he  gave  3-987  for  the  sp.  gr.  at  14°.  According  to  E.  F.  Anthon,  J.  C.  G.  de 
Marignac,  and  C.  Scheibler,  the  crystals  are  stable  in  air,  but  they  effloresce  in 
dried  air  ; thus,  when  kept  over  cone,  sulphuric  acid  for  8 days  two-thirds  of  the 
water  was  removed.  At  100°,  a loss  of  10-42  to  12  per  cent,  was  observed. 
A.  Rosenheim  found  a loss  of  24  mols.  of  water  at  100°,  and  this  led  him  to  write 
the  formula  Na1pH4[H4(W04)fl(W207)3].24H20,  and  later,  R5H5[H2(W04)6].wH20 ; 
and  A.  Rosenheim  and  A.  Wolff  titrated  the  salt  electrometrically  with  phenol- 
phthalein  as  indicator  and  the  results  were  in  accord  with  this  formula. 
H.  Copaux  observed  a loss  of  23  mols.  of  water  at  110°  ; 24  mols.  at  150°  ; 25-6 
mols.  at  200° ; and  26-6  mols.  at  250°.  E.  F.  Anthon,  C.  Scheibler,  and  .T.  C.  G.  de 
Marignac  observed  that  almost  the  whole  of  the  water  is  expelled  at  300°,  and  the 
residue  forms  a clear  soln.  with  water  ; at  a still  higher  temp.,  the  salt  melts 
forming  a liquid  which  looks  like  a yellow  oil.  When  the  .pold  solid  is  extracted 
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with  water,  there  remains  insoluble  Na20.4W03,  and  Na2W04  and  2Na20.3W03. 
7H,0  pass  into  soln.  G.  von  Knorre  said  that  the  salt  decomposes  into  Na2W04 
and  Na20.4W03  when  it  is  fused.  F.  Wohler  observed  that  when  the  dehydrated 
salt  is  heated  in  hydrogen,  it  forms  a golden-yellow  sodium-tungsten  bronze  ; 
and  L.  A.  Hallopeau  observed  that  if  heated  with  zinc  powder,  a golden-yellow 
sodium  tungsten  bronze  is  formed,  as  well  as  normal  zinc  tungstate,  and,  in  some 
cases,  tungsten  itself.  E.  F.  Anthon  said  that  100  parts  of  cold  water  dissolve 
12-5  parts  of  salt.  ' J.  C.  G.  de  Marignac  said  8-33  parts,  and  V.  Forcher,  7-94 
parts  at  22°.  E.  F.  Anthon  said  that  the  aq.  soln.  tastes  at  first  sweet,  and  then 
rough  and  bitter.  J.  C.  G.  de  Marignac  found  that  soln.  of  the  salt  saturated  at 
35°  to  40°,  and  cooled  to  18°  to  20°,  contain,  per  100  parts  of  water,  after  standing 
for  different  periods  of  time  : 

1 12  77  227  410  days 

Salt  . 10-81  8-88  9-16  8-40  8-52  parts 

When  heated,  the  solubility  increases,  and  a deep-seated  change  occurs.  Thus, 
a sat.  soln.  boiled  for  different  periods  of  time,  and  cooled  to  16°  to  20°,  contained 
in  100  parts  of  water  : 

1 2 12  72  222  405  days 

Salt  . 147-0  109-8  38-6  14-5  10-26  11-36  parts 

When  these  modified  soln.  are  evaporated  in  air,  the  residue  contains  unchanged 
salt  and  3Na20.7W03.21H20.  A.  Rosenheim  and  A.  Wolff  gave  for  the 
solubility,  S grms.  per  100  grms.  of  soln.  : 

0°  12°  21°  30°  40°  49°  59°  64°  73° 

S . . 2-15  4-29  7-41  11-15  15-11  20-34  27-90  31-11  36-70 

The  vap.  press,  experiments  over  sulphuric  acid  of  different  sp.  gr.  indicated  that 
there  are  4 mols.  of  constitutional  water.  E.  Wegelin  measured  the  f.p.  of  soln. 
of  sodium  paratungstate,  but  was  unable  to  decide  between  the  3 : 7-formula  and 
the  5 : 12-formula.  The  calculated  mol.  wt.  indicates  that  the  salt  in  aq.  soln.  is 
probably  resolved  into  sodium  hydroxide  and  a metatungstate,  and  the  results 
slightly  favour  the  3 : 7-formula.  C.  Scheibler  said  that  the  aq.  soln.  of  sodium 
paratungstate  has  a neutral  reaction  ; E.  F.  Anthon  reported  that  it  reddened  blue 
litmus  ; G.  von  Knorre,  that  when  freshly  prepared,  the  aq.  soln.  is  neutral,  but 
when  boiled  and  cooled,  it  is  acid  to  phenolphthalien,  and  alkaline  to  tropaeolin. 
It  is  assumed  that  when  the  soln.  is  kept  for  a long  time,  or  boiled,  it  decomposes 
into  normal  sodium  tungstate  and  Na20.4W03.nH20.  H.  Schmidt  found  that 
the  salt  can  be  titrated  with  a soln.'  of  sodium  hydroxide  by  using  phenolphthalein 
or  rosolic  acid — i.e.  aurin — as  indicator  ; the  results  agreed  with  the  5 : 12-formula. 
G.  Jander  and  co-workers’  observations  on  the  rate  of  diffusion,  and  the  H'-ion 
concentration,  agree  with  the  assumption  that  the  so-called  sodium  paratungstate 
is  a hexatungstate.  A.  Rosenheim  and  A.  Wolff  found  the  eq.  conductivity,  A 
mhos,  for  0-1  mol  5Na20.12W03.nH20  in  v litres  of  water  at  25°,  to  be  : 


V 

32 

64 

128 

256 

512 

1024 

. j Made  at  25°  . 
A [ Boiled  . 

68-2 

69-7 

90-8 

100-3 

110 

121-4 

89-4 

96-6 

106-3 

116-3 

126-6 

136-3 

J.  Eltzbacher  obtained  much  lower  results  ; and  A.  Junius  found  that  at  25°  soln. 
with  a mol  of  the  salt  in  25,  50,  and  100  litres  of  water  had  the  respective  con- 
ductivities 61-2,  71-2,  and  78-9  when  prepared  in  the  cold,  and  82-4,  92-1  and  99-7 
when  prepared  at  100°.  R.  G.  Wells  also  noted  that  a change  in  the  conductivity 
of  soln.  is  produced  by  pre-heating,  and  this  all  agrees  with  the  observations  of 
J.  C.  G.  de  Marignac.  For  the  observations  of  V.  I.  Spitzin  and  others  on  the 
reduction  of  sodium  paratungstate,  vide  supra,  tungsten  bronzes.  H.  Uelsmann 
studied  the  action  of  hydrogen  selenide  on  soln.  of  sodium  paratungstate  ; and 
D.  Klein,  the  action  of  polyhydric  alcohols.  J.  C.  G.  de  Marignac,  F.  Ullik,  and 
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E.  Zettnow  observed  that  if  a soln.  of  this  salt  be  boiled  for  a long  time  with 
tungstic  acid,  an  almost  insoluble  residue  of  variable  composition  is  obtained. 

With  the  octocosihydrate,  5Na20.12W03.28H20,  just  described,  C.  Scheibler 
found  that  if  a soln.  be  crystallized  at  80°  to  100°,  or,  according  to  J.  C.  G.  de 
Marignac,  at  60°  to  80°,  monoclinic  prisms  of  the  pentacosihydxate,  5Na20. 
12W03.25H20,  or  3Na20.7W03.14H20  (C.  Scheibler),  with  the  axial  ratios 
a : b : c=0-8069  : 1 : 0-5328,  and  £=120°  10',  are  formed.  J.  C.  G.  de  Marignac 
also  reported  that  if  the  salt  be  crystallized  from  its  aq.  soln.  at- 100°,  triclinic 
pinacoids.  of  the  henicosihydrate,  5Na20.12W03.21H20,  are  formed.  The  crystals 
of  octahedral  habit  have  the  axial  ratios  a : b : c=0-8695  : 1 : 1-2787,  and 
a=91°  18',  )3=86°  16',  and  y— 97°  59'.  The  salt  loses  nearly  15  mols.  of  water 
or  7-43  to  7-73  per  cent,  at  100°.  While  these  two  hydrates  are  referred  by 
J.  C.  G.  de  Marignac  to  the  5 : 12-formula,  there  are  two  others  which  he  referred 
to  the  3 : 7-formula.  If  the  aq.  soln.  of  the  5 : 12  salt  be  mixed  with  some  alkali 
carbonate,  triclinic  pinacoids  of  the  hexadecahydrate,  3Na20.7W03.16H20,  are 
formed.  The  axial  ratios  are  a : b : c=0-6836  : 1 : 1-1802,  and  a=95°  3',  /?=123°  42', 
and  y=91'  53'.  V.  Forcher  also  reported  a hydrate  of  the  same  composition 
from  a soln.  of  tungstic  acid  and  sodium  carbonate.  The  salt  loses  10-5  per  cent, 
or  12  mols.  of  water  at  100°.  J.  C.  G.  de  Marignac  obtained  the  henicosihydrate, 
3Na20.7W03.21H20,  by  boiling  an  aq.  soln.  of  sodium  paratungstate  for  a long 
time,  and  cooling — if  necessary  concentrating  by  evaporation.  The  triclinic 
pinacoids  have  the  axial  ratios  a : h : c=0-9296  : 1 : 0-5207,  and  a=92°  47', 
)S=96°  28',  and  y =89°  40'.  This  hydrate  loses  14  per  cent,  or  17  mols.  of  water 
at  100°.  When  the  hydrate  is  heated,  it  melts  in  its  water  of  crystallization.  It 
seems  to  dissolve  in  water  more  quickly  than  does  the  octocosihydrate  of  the 
5 : 12-tungstate. 

J.  C.  G.  de  Marignac  allowed  a soln.  of  ammonium  paratungstate  mixed  with 
an  excess  of  sodium  paratungstate  to  crystallize,  and  obtained  a crop  of  rhombic 
plates  of  ammonium  sodium  1 : 3-paratungstate,  15(NH4)20.5Na20.48W03.48H20, 
followed  by  a mixture  of  this  salt  with  the  3 : 2-paratungstate,  and  finally,  the 
latter  salt  alone.  The  ammonium  sodium  3 : 2-paratungstate,  3(NH4)20.2Na20. 
12W03.15H20,  was  also  obtained  by  L.  A.  Hallopeau  by  adding  ammonia,  drop 
by  drop,  to  a cone.  soln.  of  sodium  paratungstate,  and  concentrating  the  liquid 
for  crystallization.  J.  C.  G.  de  Marignac  said  that  the  crystals  are  rhombic  bipyra- 
mids with  the  axial  ratios  a : h : c=0-9014  : 1 : 1-4468.  L.  A.  Hallopeau  added 
that  12  mols.  of  water  are  lost  at  100°.  W.  Lotz  found  that  if  a soln.  of  a mol  of 
normal  sodium  tungstate  be  poured  into  a boiling  soln.  pf  4 mols  of  ammonium 
chloride,  crystals  of  ammonium  sodium  4 : 1-paratungstate,  4(NH4)20.Na,0. 
12W03.5H20,  are  formed.  The  scaly  crystals  of  the  pentahydrate  have  a mother- 
of-pearl  lustre  ; A.  Laurent  represented  it  as  a heptahydrate ; G.  von  Knorre 
represented  it  as  a tridecahydrate ; and  0.  W.  Gibbs  reported  a tetradecahydrate 
to  be  formed  by  adding  a soln.  of  phosphoric  acid  neutralized  by  ammonia  to 
an  aq.  soln.  of  normal  sodium  tungstate  ; and  L.  A.  Hallopeau,  by  adding  an  excess 
of  ammonia  to  a cone.  soln.  of  sodium  paratungstate.  The  rhombic  prisms  lose 
12  mols.  of  water  at  100°.  G.  von  Knorre  reported  the  salt  2(NH4)2O.Na2G. 
7W03.9H20  to  be  formed  in  white  scaly  crystals  from  a soln.  of  a mol  of  sodium 
paratungstate  and  2 mols  of  ammonium  chloride,  at  70°. 

O.  W.  Gibbs  reported  potassium  paratungstate,  5K20.12W03.10H20,  to  be 
formed  by  boiling  sodium  decatungstate  with  potassium  bromide  or  nitrate.  The 
decahydrate  forms  a white,  crystalline  precipitate.  He  also  said  that  a soln.  of 
normal  potassium  tungstate  is  decomposed  by  boiling  water  with  potassiufn 
hydroxide  and  paratungstate.  E.  Zettnow  treated  a soln.  of  sodium  dodeca- 
tungstate  with  potassium  nitrate  and  said  that  on  crystallization  the  tetradeca- 
hydrate,  5K20.12W03.14H20,  or  3K20.7W03.8H20,  is  formed.  0.  Scheibler, 
however,  could  obtain  only  the  henahydrate,  5K20.12W03.11H20,  or 
3K20.7W03.6H20,  by  this  process.  A.  Laurent’s  analysis  agreed  with  that  of 
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J.  C.  G.  de  Marignac.  E.  F.  Anthon  gave  the  formula  K20.2W03.2H20,  and 
A.  Riche,  K20.2W03.3H20.  Analyses  were  also  made  by  G.  von  Knorre,  and 
E.  Schaefer.  E.  F.  Anthon  prepared  the  henahydrate  by  boiling  the  dihydrate 
with  a little  water,  filtering,  and  cooling  ; and  also  by  adding  tungstic  acid  to  a 
boiling,  aq.  soln.  of  potassium  hydroxide,  carbonate,  or  normal  tungstate  so  long 
as  it  dissolves,  boiling  the  filtered  soln.,  and  cooling — C.  Scheibler  added  that  the 
mother-liquor  contains  metatungstate.  A.  Riche,  and  J.  C.  G.  de  Marignac 
prepared  the  salt  by  treating  the  normal  tungstate  with  an  acid,  say  by  passing 
carbon  dioxide  through  a filtered  soln.  obtained  by  melting  wolframite  with 
two-thirds  its  weight  of  potassium  carbonate,  and  extracting  the  product  with 
boiling  water — C.  Scheibler  said  that  the  extraction  is  best  conducted  by  slowly 
adding  the  finely-powdered  mass  to  boiling  water.  G.  von  Knorre  said  that  this 
salt  is  obtained  as  a white  precipitate  by  adding  acetic  acid  to  a cone.  soln.  of  the 
normal  tungstate — J.  Lefort  thought  that  the  product  is  a ditungstate.  E.  Schaefer 
obtained  it  by  electrolysis  as  indicated  in  connection  with  sodium  paratungstate. 
J.  C.  G.  de  Marignac  said  that  the  thin  six-sided  plates  are  triclinic  pinacoids 
with  the  axial  ratios  a : b : c=0-9137  : 1 : 1-1362,  and  a=65°  36',  /?=117°  22', 
andy=115°  39'  ; and  they  are  isomorphous  with  the  ammonium  salt.  The  salt 
is  stable  in  air  ; A.  Riche  said  that  the  salt  loses  no  water  at  120°,  and  is  dehydrated 
at  200°  ; and  G.  von  Knorre  said  that  only  1-44  per  cent,  of  water  is  lost  at  100°, 
and  after  heating  for  a long  time  at  200°,  it  retains  one  per  cent,  of  water. 
H.  Copaux  observed  that  after  heating  to  110°,  the  salt  retains  5-4  mols.  of  water ; 
at  150°,  4-4  mols. ; at  200°,  2-4  mols. ; and  at  250°,  1-4  mols.  E.  F.  Anthon  found 
that  the  dehydrated  salt  becomjes  yellow  when  heated,  and  melts  below  a red-heat 
to  form  a yellowish  liquid  which,  when  cooled,  solidifies  to  a bluish  or  greenish, 
crystalline  mass.  G.  von  Knorre  added  that  when  the  salt  is  fused,  it  forms  the 
5 : 14-  and  the  normal  tungstate.  E.  F.  Anthon  said  that  the  salt  is  more  easily 
soluble  in  hot  than  in  cold  water,  and  that  the  soln.  reddens  litmus,  and  has  a rough 
and  bitter  taste.  100  parts  of  water  at  16°  dissolve  one  part  of  salt,  and  at  100°, 
11-6  parts  ; on  the  other  hand,  J.  C.  G.  de  Marignac  found  that  100  parts  of  cold 
water  dissolve  2-15  parts  of  salt,  and  with  boiling  water  6-6  parts  of  salt.  If  the 
crystalline  powder  be  shaken  for  many  days  with  water  at  20°,  100  parts  of  water 
dissolve  1-4  parts  of  salt ; if  the  salt  be  boiled  many  days  with  water,  100  parts  of 
water  at  18°  contain  17-8  parts  of  salt,  and  on  evaporating  the  liquid  in  dry  air, 
it  furnishes  a white,  amorphous  mass.  If  the  salt  be  kept  in  a closed  vessel  for 
many  days,  it  seems  to  decompose  forming  a more  soluble  variety  since  after  keeping 
for  1,  26,  153,  and  334  days,  the  respective  solubilities  per  100  parts  of  water  are 
17-8,  8-4,  6‘4  and  6-4.  A.  Rosenheim  and  A.  Wolff  found  that  when  the  sodium  salt 
is  boiled  with  arsenious  oxide,  and  the  soln.  treated  with  potassium  chloride, 
potassium  arsenitotungstate  is  formed,  7K20.As203.18W03.24H20  ; and  similarly, 
with  antimonious  oxide,  potassium  antimonitotungstate,  8K20.Sb203.19W03. 
37H20,  was  formed ; and  similarly  with  salts  of  other  bases- — ammonium,  guanidine, 
barium,  etc. 

E.  Schaefer  fused  an  equimolar  mixture  of  rubidium  carbonate  and  tungsten 
trioxide,  extracted  the  cold  product  with  water,  and  boiled  the  liquid  with  enough 
hydrochloric  acid  to  prevent  blue  litmus  becoming  red.  On  cooling,  the  liquid 
deposits  white,  rubidium  paratungstate,  5Rb20.12W03.18H20.  When  strongly 
heated,  the  salt  melts  and  some  rubidium  is  lost  by  volatilization.  The  salt  is 
less  soluble  in  water.  The  powdered  salt  is  decomposed  by  evaporation  with  aqua 
regia  a number  of  times. 

C.  Gonzalez  prepared  copper  paratungstate,  5Cu0.12W03.33H20,  or 
3Cu0.7W03.19H20,  from  soln.  of  sodium  paratungstate  and  copper  sulphate  ; 
and  G.  von  Knorre  recommended  using  an  excess  of  copper  sulphate — say  one 
mol  of  tungstate  and  3 mols  of  the  copper  salt — at  70°.  The  bluish-gre  m,  micro- 
crystalline precipitate  does  not  melt  at  a red-heat,  but  after  the  ignition  it  is  lemon- 
yellow.  The  salt  is  insoluble  in  water,  but  dissolves' in  water  containing  a few 
VOL.  xi.  3 G 
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drops  of  nitric  acid,  and  the  clear  soln.  gelatinizes  after  standing  for  some  time. 
If  equimolar  proportions  of  the  tungstate  and  copper  salt  be  mixed  in  soln.,  at 
70°,  G.  von  Knorre  found  that  sodium  copper  paratungstate,  3Na20.3Cu0.14W0s. 
32H20,  is  formed,  as  a green  crystalline  precipitate  ; and  C.  Gonzalez  obtained 
pale  blue  needles  of  4Na20.Cu0.12W03.32H20,  by  adding  a soln.  of  copper  sulphate 
to  a boiling  soln.  of  sodium  paratungstate  so  long  as  the  precipitate  redissolves. 
The  slightly  turbid  liquid  is  filtered  rapidly,  washed  with  cold  water,  and  dried 
in  air.  It  melts  at  a red-heat.  According  to  S.  Traverso,  cupro-scheelite  can  be 
regarded  as  a calcium  copper  tungstate,  and  a variety  from  Villa  Salto,  Sardinia, 
corresponds  with  2CaW04.CuW04.  I.  Domeyko  also  found  a variety  at  Llamuco, 
Chili ; and  J.  D.  Whitney,  at  La  Paz,  California.  C.  Gonzalez  prepared  silver 
paratungstate,  5Ag20.12W03.28H20,  by  adding  a soln.  of  silver  nitrate  to  one  of 
sodium  paratungstate.  The  white,  crystalline  octocosi hydrate  becomes  grey  when 
dried  at  60°,  and  is  then  an  oclohydrate.  The  salt  melts  at  a red-heat,  and  solidifies 
on  cooling  to  a mass  of  tabular  crystals. 

According  to  G.  von  Knorre,  if  a soln.  of  sodium  paratungstate  be  treated  with 
an  excess  of  calcium  chloride,  a voluminous,  white  precipitate  is  formed,  which, 
when  digested  with  the  mother-liquor,  becomes  granular  and  crystalline  ; when 
washed  and  dried,  it  is  calcium  paratungstate,  3Ca0.7W03.18H20.  It  does  not 
melt  at  a red-heat ; and  at  100°,  it  loses  8-03  per  cent,  of  water.  It  is  more  soluble 
than  the  strontium  and  barium  salts.  According  to  C.  Gonzalez,  if  the  aq.  soln. 
of  calcium  cnloride  be  added  until  the  precipitate  first  formed  no  longer  dissolves, 
and  the  slightly  turbid  soln.  be  rapidly  filtered,  white  crystals  of  sodium  calcium 
paratungstate,  3Na20.2Ca0.12W03.34H20,  are  formed.  G.  von  Knorre  prepared 
strontium  paratungstate,  3Sr0.7W03.16H20,  by  the  method  used  for  the  calcium 
salt.  A.  Rosenheim  and  A.  Wolff  gave  for  the  strontium  salt  5Sr0.12W03.28H20. 
W.  Lotz  also  obtained  it  by  mixing  soln.  of  ammonium  paratungstate  and 
strontium  chloride.  It  does  not  fuse  at  a red-heat ; at  100°,  it  loses  8-53  per 
cent,  of  water,  and  13-27  per  cent,  at  a red-heat.  C.  Gonzalez  prepared  sodium 
strontium  paratungstate,  Na20.4Sr0.12W03.29H20,  as  in  the  case  of  the  calcium 
strontium  salt.  The  white,  scaly  crystals  do  not  melt  at  a red-heat.  G.  von  Knorre 
prepared  barium  paratungstate,  3Ba0.7W03.16H20,  by  the  method  employed 
for  the  calcium  salt.  A.  Rosenheim  and  A.  Wolff  gave  for  the  barium  salt 
5Ba0.12W03.28H20.  It  loses  8-8  per  cent,  of  water  at  100°,  and  when  dried  over 
sulphuric  acid,  8 mols.  It  is  insoluble  in  cold  water,  and  slightly  soluble  in  hot 
water.  W.  Lotz  obtained  the  octolnydrate  from  soln.  of  barium  chloride,  and 
ammonium  paratungstate.  It  loses  3-29  per  cent,  of  water  at  100°.  This  salt 
was  also  prepared  by  L.  A.  Hallopeau.  C.  Scheibler  found  that  microscopic 
plates  of  sodium  barium  paratungstate,  3Na20.2Ba0.12W03.24H20,  or 
2Na20.Ba0.7W03.14H20,  separate  when  an  excess  of  baryta-water  is  added  to  a 
boiling  soln.  of  sodium  paratungstate,  and  the  liquid  cooled.  This  salt  was  also 
prepared  by  L.  A.  Hallopeau. 

G.  von  Knorre  prepared  magnesium  paratungstate,  3MgO.7W03.24H20,  by 

adding  a soln.  of  a mol  of  sodium  paratungstate  to  a soln.  of  an  excess  (3  mols) 
of  magnesium  sulphate.  The  white,  crystalline  powder  is  sparingly  soluble  in  cold 
water,  and  more  soluble  in  hot  water  ; it  is  decomposed  by  acids.  W.  Lotz,  and 
J.  C.  G.  de  Marignac  prepared  ammonium  magnesium  paratungstate, 
2(NH4)20.3Mg0.12W03.24H20,  by  mixing  hot,  cone.  soln.  of  magnesium  sul- 
phate and  ammonium  paratungstate.  No  precipitation  occurs  with  cold  soln. 
The  small,  rhombic  crystals  are  sparingly  soluble  in  water.  G.  von  Knorre 
obtained  a white  crystalline  mass  of  sodium  magnesium  paratungstate,  3Na20. 
3Mg0.14W03.33H20,  by  mixing  soln.  of  20  grms.  of  hydrated  sodium  paratung- 
state in  15  c.c.  of  water  at  70°,  and  2-3  grms.  of  hydrated  magnesium  sulphate 
in  10  c.c.  of  water.  L.  A.  Hallopeau  also  obtained  potassium  magnesium 
paratungstate,  5(|K20.4Mg0).12W03.24H20,  by  mixing  equimolar  proportions 
of  soln.  of  potassium  paratungstate,  and  magnesium  sulphate,  and  concentrating 
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the  soln.  The  salt,  recrystallized  from  hot  water,  forms  microscopic  prisms, 
almost  insoluble  in  cold  water.  The  crystals  lose  17  mols.  of  water  at  100°. 
C.  Gonzalez  obtained  white  needles  of  zinc  paratungstate,  5Zn0.12W03.37H20, 
by  treating  an  excess  of  a soln.  of  a zinc  salt  with  one  of  sodium  paratungstate. 
A.  Rosenheim  and  A.  Wolff  gave  5Zn0.12W03.35H20.  The  salt  dissolves  in  water 
acidified  with  a few  drops  of  nitric  acid,  but  the  clear  soln.  soon  gelatinizes. 
W.  Lota  prepared  ammonium  zinc  paratungstate,  (NH4)20.2Zn0.7W03.13H20, 
in  snow-white  needles,  by  adding  ammonium  paratungstate  to  a soln.  of  zinc  sul- 
phate. The  salt  is  soluble  in  boiling  water,  and  more  soluble  in  water  containing 
ammonium  tungstate,  or  oxalic,  tartaric,  or  phosphoric  acid.  The  salt  loses  8 mols. 
of  water  at  100°.  G.  von  Knorre  found  that  a boiling  soln.  of  a mol  of  sodium 
paratungstate  and  2 mols  of  zinc  sulphate  deposits  white  needles  of  sodium  zinc 
paratungstate,  Na20.2Zn0.7W03.15H20,  on  cooling.  The  salt  is  sparingly  soluble 
in  cold  water  ; and  is  decomposed  by  mineral  acids.  L.  A.  Hallopeau  obtained  a 
potassium  zinc  paratungstate  by  precipitation  from  potassium  paratungstate 
by  means  of  zinc  sulphate.  C.  Gonzalez  prepared  cadmium  paratungstate, 
5Cd0.12W03.16H20,  as  a white  crystalline  precipitate  by  the  method  employed 
for  the  zinc  salt.  W.  Lotz  treated  cadmium  sulphate  with  ammonium  paratungstate 
and  obtained  white  needles  of  ammonium  cadmium  paratungstate,  3(NH4)20. 
12Cd0.35W03.35H20.  The  voluminous  precipitate  becomes  grey  when  heated,  then 
orange-yellow,  and  on  cooling  pale  yellow.  12  mols.  of  water  are  expelled  at  100°. 
G.  von  Knorre  prepared  the  sodium  cadmium  paratungstate,  Na20.2Cd0.7W03, 
as  in  the  case  of  the  corresponding  zinc  salt.  For  mercurous  paratungstate,  vide 
infra,  mercurous  metatungstate. 

W.  Lotz  reported  aluminium  paratungstate,  A1203.7W03.9H20,  to  be  formed 
as  a white,  caseous  precipitate,  by  mixing  soln.  of  ammonium  paratungstate  and 
an  aluminium  salt.  The  precipitate  dissolves  in  an  aq.  soln.  of  alum.  E.  Schaefer 
added  an  excess  of  a soln.  of  thallous  sulphate  to  one  of  sodium  paratungstate 
and  obtained  a white  precipitate  of  thallous  paratungstate,  5T120.12W03.9H20  ; 
it  loses  its  water  when  dried  in  a desiccator,  and  melts  at  a red-heat  with  the 
volatilization  of  some  thallium.  It  is  insoluble  in  water  but  soluble  in  soln.  of 
alkali  carbonate  or  hydroxide,  and  it  is  decomposed  by  mineral  acids.  C.  Gonzalez 
could  not  prepare  thallous  paratungstate.  For  cerous,  lanthanum,  didymium, 
gadolinium,  yttrium,  and  ytterbium  paratungstates,  vide  supra,  the  rare  earth 
tungstates. 

W.  Lotz,  and  J.  J.  Berzelius  obtained  lead  paratungstate,  3Pb0.7W03.10H20, 
by  treating  a soln.  of  a lead  salt  with  one  of  ammonium  paratungstate,  washing 
the  precipitate  by  decantation  ; and  drying  it  in  air.  The  white,  powdered 
decahydrate  forms  the  trihydrate  when  dried  at  100°,  and  it  becomes  sulphur-yellow, 
and  anhydrous  after  heating  to  redness.'  The  hydrate  is  insoluble  in  water,  and 
in  soln.  of  ammonium  paratungstate  and  of  lead  nitrate,  but  it  is  soluble  in  soda-lye, 
and  boiling  phosphoric  acid.  C.  Gonzalez  obtained  white  needles  of  sodium  lead 
paratungstate,  4Na20.Pb0.12W03.29H20,  by  adding  a soln.  of  a lead  salt  to  a 
boiling  soln.  of  sodium  paratungstate  until  the  precipitate  no  longer  redissolves  ; 
the  faintly  turbid  soln.  is  filtered  and  allowed  to  stand  for  a few  hours.  The  salt 
melts  at  a red-heat. 

W.  Lotz  reported  chromium  paratungstate,  C r2 O 3 . 7 W 03 . n H2 O , by  mixing  soln. 
of  sodium  paratungstate  and  chromic  chloride.  The  pale  greyish-green  powder 
after  calcination  appears  straw-yellow  with  a tinge  of  green.  When  dried  at  100° 
after  calcination  it  loses  9 mols.  or  8-06  per  cent,  of  water.  The  compound  is 
insoluble  in  water  or  a soln.  of  acid  ammonium  tungstate,  but  soluble  in  a soln. 
of  chromic  chloride.  W.  Lotz,  and  E.  F.  Anthon  found  that  manganese  para- 
tungstate, 5Mn0.12W03.18H20,  or  3Mn0.7W03.llH20,  is  precipitated  by  adding 
sodium  paratungstate  to  a manganous  salt.  The  white  powder  has  a yellow  tinge, 
and  when  heated  to  redness,  it  loses  its  water,  and  becomes  yellow.  When  the 
octodecahydrate  is  dried  over  cone,  sulphuric  acid,  it  loses  2-79  per  cent,  or 
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about  5 mols.  of  water.  E.  F.  Anthon  represented  the  salt  by  the  formula 
Mn0.2W03.3H20,  and  he  said  that  it  is  soluble  in  phosphoric,  nitric,  or  oxalic 
acid.  When  the  soln.  in  nitric  acid  is  boiled,  yellow  tungstic  acid  separates 
out.  C.  Gonzalez  said  that  the  precipitate  is  the  tetratriaeontahydrate, 
3Mn0.7W03.20H20,  or  5Mn0.12W03.34H20.  G.  von  Knorre  prepared  white 
or  pale  yellow  crystals  of  sodium  manganous  paratungstate,  3Na20.3Mn0.14W03. 
36H20,  by  mixing  soln.  of  equimolar  proportions  of  manganous  sulphate  and  sodium 
paratungstate  at  70°.  Part  of  the  salt  separates  out  at  once,  and  part  separates 
gradually  as  the  soln.  cools.  L.  A.  Hallopeau  obtained  potassium  manganous 
paratungstate,  3K20.2Mn0.12W03.16H20,  by  mixing  equimolar  soln.  of  manganous 
sulphate,  and  potassium  paratungstate.  The  white  precipitate  has  a tinge  of 
yellow,  and  it  consists  of  microscopic,  rhombic  prisms,  which  lose  about  10  mols. 
of  water  at  100°.  The  salt  is  insoluble  in  water.  A.  Rogers  and  E.  F.  Smith's 
ammonium  manganic  paratungstate  is  described  in  connection  with  the  normal 
tungstates. 

E.  F.  Anthon  observed  that  a soln.  of  ammonium  paratungstate  precipitates 
yellow  ferrous  paratungstate  from  a soln.  of  ferrous  chloride.  C.  Gonzalez  prepared 
cobaltous  paratungstate,  3Co0.7W03.25H20,  by  adding  a boiling  soln.  of  sodium 
paratungstate  to  one  of  cobalt  sulphate.  If  the  admixing  is  reversed,  some  double 
salt  may  be  formed.  The  oily,  viscid  mass  forms,  on  cooling,  a pale  rose-coloured, 
microcrystalline  powder  ; it  does  not  melt  at  a red-heat,  and  when  the  ignited  salt 
is  cooled,  it  is  blue.  As  just  indicated,  if  cobalt  sulphate  be  added  to  sodium 
paratungstate,  in  boiling  soln.,  sodium  cobaltous  paratungstate,  3Na20.2CoO. 
12W03.30H20,  separates  out  if  the  filtered  soln.  is  allowed  to  stand  for  a few  hours. 
The  rose-red  crystals  become  bluish-green  after  ignition,  and  they  melt  at  a red- 
heat.  E.  F.  Anthon,  and  W.  Lotz  prepared  nickelous  paratungstate, 
3Ni0.7W03.14H20,  by  adding  a soln.  of  alkali  paratungstate  to  one  of  a nickel 
salt ; the  pale  green  precipitate  dries  to  a pale  green  powder.  E.  F.  Anthon 
represented  it  by  the  formula  Ni0.2W03.4H20,  but  W.  Lotz  showed  that  it  is  a 
paratungstate.  When  heated  to  redness,  the  salt  becomes  brown,  and  sinters. 
The  original  salt  is  insoluble  in  water,  sparingly  soluble  in  oxalic  acid,  and  soluble 
in  warm  phosphoric  acid,  and  in  acetic  acid. . A.  Wolff,  and  A.  Rosenheim  and 
A.  Wolff  described  an  ammonium  ferric  paratungstate,  3(NH4)20.Fe203.12W03. 
27H20,  as  well  as  guanidinium  ferric  paratungstate,  2-5(CN3H6)20.Fe203.12W03. 
17H20. 
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1904  ; F.  J.  Malaguti,  Ann.  Chim.  Phys.,  (2),  60.  271,  1835  ; A.  Riche,  ib.,  (3),  50.  67,  1857 ; 

D.  Klein,  ib.,  (5),  28.  427,  1883  ; Compt.  Rend.,  86.  826,  1876  ; 99.  144,  1884  ; H.  Copaux,  ib., 
156.  1771,  1913  ; T.  M.  Taylor,  Journ.  Amer.  Chem.  Soc.,  24.  629,  1902  ; E.  F.  Smith,  Chem. 
News,  129.  198,  207,  224,  240,  257,  286,  1924 ; Journ.  Amer.  Chem.  Soc.,  44.  2027,  1922  ; 
R.  G.  Wells,  ib.,  29.  112,  1907  ; W.  Lotz,  Liebig's  Ann.,  91.  45, 1854  ; Journ.  pralct.  Chem.,  (1),  63, 
209,  1854  ; Ann.  Chim.  Phys.,  (3),  43.  246,  1856  ; J.  J.  Berzelius,  Schweigger’s  Journ.,  16.  476, 
1816  ; Ann.  Phil.,  3.  245,  1814  ; Ann.  Chim.  Phys.,  (2),  17.  13,  1821  ; Pogg.  Ann.,  4.  147,  1825  ; 
8.  147,  267,  1826  ; J.  J.  and  F.  de  Elhuyar,  Analisis  quimico  del  volfram  y examen  de  un  nuovo 
metal  que  eritra  en  su  composicion,  Bascongada,  1783  ; A Chemical  Examination  of  Wolfram  and 
Examination  of  a New  Metal  which  enters  into  its  Composition,  London,  1785 ; Chemische  Zer- 
Jcleiderung  des  Wolframs,  Halle,  1786;  Mem.  Acad.  Toulouse,  2.  141,  1784;  K.  H.  T.  Kerndt, 
Phil.  Mag.,  (3),  31.  253,  1847;  Journ.  prakt.  Chem.,  (1),  41.  190,  1847;  (1),  42.  81,  1847; 

E.  F.  Anthon,  ib.,  (1),  8.  404,  1836  ; (1),  9.  341,  1836  ; C.  Gonzalez,  ib.,  (2),  36.  44, 1887  ; G.  von 
Knorre,  Ber.,  18.  2362,  1885  ; 19.  819,  1886  ; J ourn.  prakt.  Chem..,  (2),  27.  49, 1883  ; C.  Scheibler, 
ib.,  (1),  80.  204,  1860  ; (1),  83.  273,  1801  ; Chem,  News,  6.  181,  1862  ; Sitzber.  Akad.  Berlin,  208, 
1860  ; O.  W.  Gibbs,  Proc..  Amer.  Acad.,  15.  1,  1879 ; 21.  77,  1885  ; Amer.  Chem.  Journ.,  1.  2, 
217,  1880  ; H.  Schmidt,  ib.,  8.  16,  1886  ; B.  Kellner,  Untersuchungen  uber  Perwolframate,  Berlin, 
1909 ; J.  Schabus,  Bestimmung  der  Krystallgestalten  in  chemischen  Laboratorien  erzeugter  Produkte, 
Wien,  38,  1855  ; E.  Zettnow,  Pogg.  Ann.,  130.  248,  1867  ; A.  Pinagel,  Beitrdge  zur  Kenntnis  der 
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Woiframate  und  Silicowolframate,  Bern,  1904 ; A.  Lofctermoser,  Zeit.  Roll.,  30.  346,  1922  ; 
V.  Forcher,  Sitzber.  Alcad.  Wien,  44.  164,  1862  ; Journ.  prakt.  Chem.,  (1),  86.  227,  1862  ; Bull. 
Soc.  Chim.,  (2),  5.  197,  1863 ; J.  Eltzbacher,  Beitrdge  zur  Elektrochemie  der  Wolframale,  Berlin, 
1899  ; A.  Junius,  Beitrdge  zur  Kenntnis  der  Molybdate,  Berlin,  1905  ; F.  Wohler,  Pogg.  Ann.,  2. 
345,  1824 ; H.  Uelsmann,  Liebig's  Ann.,  116.  122,  1860  ; E.  Wegelin,  Zur  Kenntnis  einiger 
Natriumwolframate,  Zurich,  1906  ; S.  Traverso,  Resocconti  Riunioni  Soc.  Min.  Sarda,  (8),  6. 
8,  1903  ; J.  D.  Whitney,  Proc.  Cal.  Acad.,  3.  287,  1866 ; I.  Domeyko,  Ann.  Mines,  (4),  3.  15, 
1843  ; E.  Schaefer,  Beitrdge  zur  Kenntnis  der  Wolframverbindungen,  Berlin,  1903  ; Zeit.  anorg. 
Chem.,  38.  143,  1904  ; V.  I.  Spitzin,  Zeit.  anorg.  Chem.,  148.  69,  1925  ; Journ.  Russ.  Phys.  Chem. 
Soc.,  58.  474,  1926  ; E.  F.  Smith,  Proc.  Amer.  Phil.  Soc.,  65.  10,  18,  1926  ; A.  Rogers  and 
E.  F.  Smith,  Journ.  Amer.  Chem.  Soc.,  26.  1474, 1904  ; A.  Wolff,  Zur  Kenntnis  der  Parawolframate 
und  einiger  Heteropolywolframate,  Berlin,  1930  ; A.  Rosenheim  and  A.  Wolff,  Zeit.  anorg.  Chem., 
193.  47,  64,  1930 ; F.  Ullik,  Sitzber.  Akad.  Wien,  56.  157,  1867. 

• § 15.  The  Metatungstates,  and  Tetratungstates 

F.  Margueritte 1 boiled  hydrated  tungsten  trioxide  with  an  aq.  soln.  of 
ammonium  tungstate  or  ammonia  ; some  tungsten  trioxide  may  separate  from  the 
soln.  on  cooling  and  evaporation,  but  afterwards  the  so-called  ammonium  meta- 
tungstate, (NH4)20.4W03.8H20,  is  formed.  A.  Laurent  as  well  as  A.  Riche,  and 
V.  Forcher  boiled  a soln.  of  ordinary  or  less  acid  ammonium  tungstates  for  many 
hours,  and  obtained  this  salt  by  cooling  the  liquor.  W.  Lotz  added  that  the  con- 
version to  metatungstate  is  incomplete  after  the  soln.  has  been  boiled  for  many 
days.  T.  M.  Taylor  boiled  a soln.  of  the  paratungstate  for  2 or  3 days,  and  obtained 
the  salt  by  evaporation — vide  infra,  the  hexatungstate.  A.  Laurent  treated  an 
aq.  soln.  of  ammonium  tungstate  with  dil.  nitric  acid,  and  evaporated  the  filtered 
soln.  ; W.  Lotz  added  that  it  is  difficult  to  free  the  product  from  ammonium 
nitrate.  C.  Scheibler  heated  between  250°  to  300°  a thin  layer  of  crystalline 
ammonium  tungstate  in  a porcelain  dish  so  long  as  ammonia  is  given  off  ; and  an 
aq.  soln.  of  the  residue  after  filtration  furnishes  crystals  of  this  salt.  T.  M.  Taylor 
heated  ammonium  paratungstate  for  4 hrs.  at  150°  and  obtained  the  metatungstate. 

E.  F.  Smith  recommended  saturating  a hot  soln.  of  purified  ammonium  paratung- 
state with  a warm  emulsion  of  tungstic  acid  ; and  concentrating  the  filtrate  either 
at  70°,  or  spontaneously  at  ordinary  temp.  Methods  of  preparation  were  also 
described  by  J.  Persoz,  G.  N.  Wyrouboff,  and  J.  C.  G.  de  Marignac.  Analyses  were 
made  by  J.  0.  G.  de  Marignac,  A.  Laurent,  W.  Lotz,  A.  Riche,  C.  Scheibler,  J.  Persoz, 

F.  Margueritte,  and  H.  Copaux.  F.  Margueritte  represented  his  results  by 
(NH4)20.3W03.5H20  ; A.  Laurent,  by  5(NH4)2O.H2O.18WO3.30H2O  ; W.  Lotz,  by 
2(NH4)20.8W03.5H20 ; and  C.  Scheibler,  by  (NH4)20.4W03.8H20.  The  best 
representative  formula  is  based  On  the  hypothesis  that  the  parent  acid  is 
H10[H2(W2O7)6],  and  the  octohydrated  ammonium  salt  is  symbolized 
(NH4)BH4[H2(W207)6].5H20.  If  this  hypothesis  be  correct,  then  the  anhydrous 
salts  R20.4W03  are  not  metatungstates  at  all,  and  can  be  provisionally  regarded  as 
tetratungstates.  J.  C.  G.  de  Marignac  found  that  when  alcohol  is  added  to  a hot 
aq.  soln.  of  ammonium  metatungstate,  monoclinic  prisms  of  the  hexahydrale  are 
formed  ; the  axial  ratios  are  a : b : c=0-8121  : 1 : 0-7963,  and  /3=95°  9' : the 
salt  loses  nearly  5 mols.  of  water  at  100°  ; and  the  aq.  soln.  has  a neutral  reaction. 
A.  Riche  reported  a tetrahydrate,  but  J.  C.  G.  de  Marignac  showed  that  the  product 
was  probably  a silicotungstate. 

F.  Margueritte,  A.  Laurent,  C.  Scheibler,  and  A.  Riche  described  the  colourless 
crystals  of  ammonium  metatungstate  as  regular  octahedra  ; W.  Lotz,  as  tetragonal 
crystals,  which,  according  to  G.  N.  Wyrouboff,  have  the  axial  ratio  a : c= 1 : 0-9747. 
H.  Copaux  gave  1 : 1-012  for  the  axial  ratio,  and  added  that  they  are  isomorphous 
with  5(NH4)20.B203.24W03.52H20.  G.  N.  Wyrouboff  found  that  the  crystals 
are  isomorphous  with  those  of  the  metatungstates  of  sodium,  cadmium,  and 
manganese.  The  birefringence  is  strong  and  positive.  C.  Scheibler  found  that  the 
crystals  effloresce  rapidly  in  air  ; F.  Margueritte,  and  A.  Riche,  that  they  melt  in 
their  water  of  crystallization  ; and  T.  M.  Taylor,  that  they  begin  to  give  off 
ammonia  at  120°.  The  salt  loses  about  7 mols.  of  water  at  100°,  but  the  remaining 
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mol.  cannot  be  expelled  below  200°.  The  residue  remaining  after  the  expulsion 
of  water  at  100°,  namely,  (NH4)20.4W03.H20,  or  2NH4()H.4W03,  is  the  most 
stable  form  of  the  ammonium  tungstates,  and  T.  M.  Taylor  represented  the 
ammonium  tungstates  as  salts  containing  this  as  a nucleus.  W.  Lotz  said  that 
12T7  per  cent,  of  water  is  lost  at  100°  ; G.  N.  Wyrouboff,  7 mols.  at  105° ; J.  C.  G.  do 
Marignac,  10-84  per  cent,  or  about  7 mols. ; A.  Laurent,  11  per  cent,  at  200° ; and 
A.  Riche,  10-95  per  cent,  at  100°  or  in  vacuo.  The  salt  is  freely  soluble  in  water — 
thus  A.  Riche  found  that  100  parts  of  water  at  ordinary  temp,  dissolve  nearly 
300  parts  of  the  salt ; and  W.  Lotz,  117-6  parts  at  15°.  The  solubility  increases 
rapidly  with  a rise  of  temp.,  and  W.  Lotz  found  that  the  soln.  sat.' at  40°  is  almost 
solid  at  ordinary  temp.  C.  Scheibler  said  that  the  aq.  soln.  has  a high  index  of 
refraction  ; and  J.  C.  G.  de  Marignac,  that  it  is  almost  neutral ; cone,  hydrochloric 
acid  precipitates  ammonium  chloride  and  the  3 : 16-tungstate.  V.  I.  Spitzin  and 
L.  Kaschtanoff  found  that  with  hydrogen  chloride,  tungsten  dioxydichloride  and 
sodium  ditungstate  are  formed,  and  the  latter  then  reacts  as  previously  indicated. 
A.  Riche  found  that  hydrogen  sulphide  forms  a soluble  sulpho-salt ; and  W.  Lotz, 
that  ammonia  transforms  the  salt  in  soln.  into  ordinary  ammonium  tungstate. 
T.  M.  Taylor  found  that  when  ammonia  is  passed  over  ammonium  metatungstate 
at  ordinary  temp.,  needle-like  crystals  of  ammonium  tungstate  are  formed  ; and 
at  100°,  plates  of  the  paratungstate  are  formed.  W.  Lotz  said  that  ordinary  alcohol 
dissolves  a little  metatungstate,  but  absolute  alcohol  dissolves  none  ; and  J..  C.  G.  de 
Marignac  added  that  alcohol  precipitates  the  metatungstate  from  its  hot,  aq.  soln. 
A.  Riche  found  that  the  salt  is  insoluble  in  ether.  W.  Lotz  observed  that  with 
potassium  ferrocyanide  and  hydrochloric  acid,  no  precipitation  occurs  ; and  in 
opposition  to  a statement  of  F.  Margueritte,  alkali  hydroxides  or  carbonates  give  no 
precipitate  when  added  to  the  aq.  soln.  of  the  salt ; silver  nitrate  gives  a precipitate 
when  ammonia  is  also  added,  and  the  precipitate  is  soluble  in  hot  water.  When 
ammonium  or  sodium  metatungstate  is  gently  heated  with  sodium  chromate, 
E.  F.  Smith  found  that  the  filtered  soln.,  on  standing,  deposits  crystals  of 
4Na20.10W03.23Ho0,  and  sodium  molybdate  also  gives  the  corresponding  salt. 
No  tungsten  t.rioxide  is  formed  by  heating  the  product  to  250°  in  dry  hydrogen 
chloride.  No  complex  wNa2Mo04.nNa2W4043  was  formed. 

C.  Scheibler  obtained  lithium  metatungstate,  Li20.4W03.nH20,  by  the  action 
of  a soln.  of  lithium  carbonate  on  an  excess  of  hydrated  tungsten  trioxide,  and  by 
the  action  of  lithium  sulphate  on  a soln.  of  the  barium  salt.  The  evaporation  of 
the  aq.  soln.  furnishes  a non-crystallizable  syrup.  F.  Hoermann,  Fig.  25,  found 
that  the  salt  has  an  incongruent  m.p.  at  800°.  G.  von  Knorre  fused  together  a 
mixture  of  5 mols  of  lithium  carbonate  and  12  mols  of  tungsten  trioxide,  and 
extracted  the  mass  with  boiling  water.  There  remained  needle-like  prisms  of 
sodium  tetratungstate,  Li2W40i3 — vide  supra,  O.  Brunner  on  the  tungsten  bronzes. 
C.  Scheibler  obtained  sodium  tetratungstate,  Na20.4W03,  by  heating  the  coarsely 
powdered  paratungstate  to  redness,  and  extracting  the  mass  with  hot  water ; 
there  remained  thin  scales  of  this  salt.  At  a much  higher  temp.,  the  paratungstate 
partly  sinters,  and  forms  bluish-green  plates  or  cubes.  F.  Hoermann,  Fig.  25, 
found  that  the  salt  has  an  incongruent  m.p.  at  784°.  G.  von  Enorre  said  that  if 
the  metatungstate  be  melted,  and  afterwards  extracted  with  water,  there  remains 
the  octotungstate.  C.  Friedheim  said  that  if  the  salt  be  dried  at  110°  to  120°,  and 
then  treated  with  water,  normal  sodium  tungstate  passes  into  soln.  C.  Scheibler, 
J.  Eltzbacher,  and  H.  Copaux  prepared  sodium  metatungstate,  Na20.4W03.10H20, 
by  boiling  an  aq.  soln.  of  the  paratungstate  with  an  excess  of  hydrated  tungsten 
trioxide  until  the  filtered  soln.  no  longer  gave  a precipitate  with  hydrochloric  acid. 
According  to  E.  Wegelin,  a reversible  reaction  is  involved  : 3Na2W4013.Aq.+5H20 
^5H2W04+3Na20.7W0.Aq.  The  aq.  soln.  was  then  concentrated  over  a water- 
bath,  and  allowed  to  crystallize  over  cone,  sulphuric  acid.  C.  Scheibler  also 
prepared  the  metatungstate  by  treating  a sat.  aq.  soln.  of  normal  sodium  tungstate 
with  a large  excess  of  cone,  acetic  acid.  A heavy,  oily  layer  of  a cone.  soln.  of  the 
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metatungstate  settles  at  the  bottom  of  the  vessel.  F.  Margueritte  added  a mineral 
acid  to  a cone.  soln.  of  the  paratungstate  until  the  precipitate  no  longer  redissolved. 
V.  Forcher  observed  that  this  mode  of  preparation  is  not  so  good  as  that  of 
C.  Scheibler.  E.  F.  Smith  recommended  the  following  process  : 

First  purify  ordinary  sodium  paratungstate  by  about  a dozen  recrystallizations  from 
aq.  soln.  Heat  the  aq.  soln.  at  70°  to  75°,  and  add  an  emulsion  of  tungstic  acid  at  05° 
to  70°.  When  the  soln.  on  agitation  dissolves  no  more  tungstic  acid,  it  is  allowed  to  stand 
overnight  and  filtered.  The  colourless,  clear  liquid  is  then  evaporated  at  a temp,  not 
exceeding  70°,  and,  when  sufficiently  concentrated,  allowed  to  remain  in  the  cold.  Colour- 
less crystals  are  formed,  which,  on  placing  between  the  finger  and  thumb,  exhibit  none  of 
the  stickiness  which  occurs  when  impure  sodium  paratungstate  has  been  used.  A soln. 
of  the  salt,  recrystallized  from  water,  should  give  no  permanent  precipitate  when  treated 
with  a slightly  acidulated  soln.  of  barium  chloride. 

A.  Lottermoser  prepared  the  alkali  metatungstates  by  the  electrolysis  of  an  aq. 
soln.  of  the  normal  tungstate  in  a partitioned  cell  until  the  anode  liquor  contained 
sufficient  tungstic  acid  to  form  the  metatungstate.  The  salt  was  analyzed  by 
C.  Scheibler,  and  V.  Forcher  ; R.  0.  Wells’  analysis  of  a sample  gave  3Na20.8W03. 
17H20.  E.  F.  Smith  found  that  the  composition  of  the  dehydration  product 
agrees  with  the  formula  5(Na20.W03).7(H20.W03).21H20.  The  colourless,  octa- 
hedral crystals  were  considered  by  C.  Scheibler  to  belong  to  the  cubic  system  ; 
but  C.  F.  Rammelsberg  showed  that  they  are  tetragonal  bipyramids  with  the  axial 
ratio  a : c=l  : 0-9930,  and  G.  N.  Wyrouboff  added  that  the  salt  is  isomorphous 
with  the  tungstates  of  ammonium,  cadmium,  and  manganese.  The  birefringence 
is  fairly  strong  and  positive.  A slight  reduction  of  the  tungstate,  said  V.  Forcher, 
may  impart  a bluish  tinge.  C.  Scheibler  gave  3-847  for  the  sp.  gr.  at  13°  ; 
M.  Soboleff  gave  4-04.  Y.  Forcher  found  the  crystals  are  stable  in  air,  but  they 
effloresce  in  dry  air  ; they  lose  the  greater  part  of  their  water  over  sulphuric  acid  ; 
when  heated,  the  salt  appears  yellow,  and  on  cooling,  bluish-grey.  If  the  ignited 
salt  be  extracted  with  water,  normal  sodium  tungstate  passes  into  soln.  According 
to  C.  Friedheim,  7 mols.  of  water  are  expelled  at  120°,  and  the  remainder  at  a higher 
temp. — one  mol.  of  water  is  still  present  at  240°.  A.  P.  Sabaneeff  made  some 
observations  on  this  subject.  E.  F.  Smith  found  that  the  dehydrated  salt  melts 
at  706-6°.  E.  Wegelin  found  that  the  effect  of  the  salt  on  the  f.p.  of  water  agrees 
with  the  assumption  that  the  mol.  wt.  is  497  to  502 — the  theoretical  value  Na2W4013 
is  990,  so  that  on  this  hypothesis  the  salt  furnishes  two  ions.  A.  P.  Sabaneeff  also 
made  determinations  of  the  f.p.  of  aq.  soln.  of  the  salt ; and  G.  Tammann  found 
that  the  vap.  press,  of  soln.  of  24-01 , 89-90,  and  332-8  grms.  of  Na2W4013  in  100  grms. 
of  water  are  respectively  6-4,  19-0,  and  132-2  mm.  lower  than  the  value  for  water 
alone.  M.  Soboleff  found  the  eq.  electrical  conductivity  of  soln.  of  an  eq.  of  the 
salt  in  v litres  of  water,  at  25°,  to  be  : 

v . .32  64  128  256  512  1024 

A . . 89-3  98-7  107-6  116-6  126-0  134-1  mhos. 

J.  Eltzbacher’s  values  are  probably  too  low.  A.  Rosenheim  and  F.  Kohn  found 
Ai024— A32=38-4.  E.  Wegelin  found  that  on  electrolysis  of  aq.  soln.,  the  hydrogen 
and  oxygen  are  given  off  in  the  proportions  2 : 1 in  agreement  with  the  assumption 
that  no  pertungstate  is  formed.  The  salt  is  extremely  soluble  in  water.  V.  Forcher 
found  that  100  parts  of  water  at  19°  dissolve  512  parts  of  salt ; and  C.  Scheibler, 
that  100  parts  of  water  at  13°  dissolve  1069  parts  of  salt,  and  the  sp.  gr.  of  the  soln. 
is  3-02.  The  aq.  soln.  has  a bitter  taste,  and  it  shows  the  ordinary  reactions.of  the 
metatungstate.  It  gives  precipitates  with  salts  of  the  metals.  F.  Margueritte 
said  that  acidic  soln.  of  the  salt  yield  plates  of  the  trihydrate,  but  this  has  not  been 
confirmed.  According  to  C.  Schon,  if  cotton  be  worked  in  a 5 per  cent.  soln.  of 
sodium  metatungstate,  it  rapidly  becomes  blue  when  exposed  to  light,  owing  to 
the  reduction  of  the  compound.  In  a dark  room  the  fabric  again  becomes  white, 
the  blue  colour  reappearing  on  renewed  exposure  to  light.  On  treating  the  blue 
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fabric  with  water  a blue  soln.  is  obtained,  which,  on  the  addition  of  lead  acetate, 
gives  a blue  precipitate.  Both  the  soln.  and  precipitate  rapidly  become  colourless, 
even  in  full  daylight.  A simple  soln.  of  the  metatungstate  does  not  change  colour. 
The  effect  of  adding  a salt  of  copper  to  the  metatungstate  is  to  retard  though  not 
to  prevent  the  action  of  light ; fabrics  prepared  with  metatungstate  and  a copper 
salt  become  at  first  yellower  and  then  slowly  bluer.  The  reducing  action  -of  light 
is  partly  overcome  by  the  oxidizing  properties  of  the  copper  salts.  The  observa- 
tions of  T.  Graham,  W.  Biltz  and  A.  von  Vegesack,  A.  P.  Sabaneeff,  and  N.  Pappada 
on  colloidal  soln.  of  the  salt  have  been  discussed  in  connection  with  colloidal  tungstic 
acid  ( q.v .).  A.  Rosenheim  and  F.  Kohn  treated  5 c.c.  of  ~5.Y-H2W4013  with 
increasing  sp.  conductivity  at  25°.  The  results  are  summarized  in  Fig.  50.  The 
results  show  that  there  is  a definite  break  with  the  addition  of  2 mols.  of  NaOH  to 
a mol.  of  H2W4013  corresponding  with  the  formation  of  Na20.4W03  ; and  also  a 
feeble  change  of  curvature  corresponding  with  the  conversion  of  the  metatungstate 
into  normal  tungstate.  For  the  observations  of  Y.  I.  Spitzin  and  others  on  the 
reduction  of  the  tetratungstates,  vide  supra,  tungsten  bronzes.  W.  I.  Baragiola 
obtained  octahedral  crystals  of  what  is  probably  an  isomorphous  mixture, 
ammonium  sodium  1 : 3-metatungstate,  (NH4)20.3Na20.16W03.38H20,  from  a 
soln.  of  ammonium  and  sodium  metatungstates — the  latter  in  excess.  J.  Lefort 
studied  the  action  of  quinine  on  the  alkali  me ta tungstates.  The  methods  of  pre- 
paring aq.  soln.  of  potassium  metatungstate,  K20. 
4W03.mH20,  are  similar  to  those  employed  for  the 
sodium  salt.  Several  hydrates  have  been  reported. 
C.  Scheibler  obtained  the  octohydrate,  K20.4W03. 
8H20,  by  crystallization  from  an  aq.  soln.  of  the 
salt,  according  to  H.  Copaux,  at  a low  temp. ; 
or,  according  to  C.  Scheibler,  from  the  mother- 
liquor  obtained  in  preparing  the  paratungstate. 
G.  N.  Wyrouboff  said  that  the  octahedral  crystals 
belong  to  the  tetragonal  system.  They  quickly 
effloresce  in  air,  and  lose  7 mols.  of  water  at  100°. 
Along  with  the  octahedral  crystals,  C.  Scheibler, 
and  J.  C.  G.  de  Marignac  observed  some  acicular 
crystals  which  may  be  one  of  the  lower  hydrates. 
J.  C.  G.  de  Marignac  prepared  the  pentahydrate,  K20.4W03.5H20,  by  treating  an 
aq.  soln.  of  the  salt  with  alcohol.  The  precipitate  dissolves  when  the  soln.  is 
warmed,  and  on  cooling,  monoclinic  prisms  are  deposited.  They  have  the  axial 
ratios  a : b : c=0-5945  : 1 : 0-6609,  and  j3=123°  O'.  The  birefringence  is  strong  and 
positive.  The  hydrate  does  not  effloresce  in  the  cold,  but  at  100°,  it  loses  4 mols. 
of  water.  The  hydrate  is  freely  soluble  in  water.  H.  Copaux  reported  the  hemi- 
tridecahydrate,  K20.4W03.6£H20,  or  6K20(3H20).24W03.36H20,  to  be  deposited 
from  a soln.  at  30°.  The  doubly  refracting,  hexagonal  prisms  have  the  axial  ratio 
a : c= 1 : 0-659,  and  they  are  isomorphous  with  potassium  borotungstate  or  silico- 
tungstate.  The  crystals  are  optically  active  in  having  a dextrorotary  power  for  the 
D-line  of  9°.  H.  Copaux  also  obtained  the  octohydrate  from  an  aq.  soln.  of  this  salt 
at  a low  temp.  Crystals  of  what  were  probably  potassium  metatungstate  were  also 
reported  by  F.  Margueritte,  A.  Riche,  and  J.  Lefort.  F.  Hoermann  found  that  the 
tetratungstate  has  an  incongruent  m.p.  at  930° — Fig.  35.  G.  N.  Wyrouboff  reported 
rubidium  metatungstate,  Rb20.4W03.8H20,  to  be  formed  by  mixing  soln.  of 
barium  metatungstate  and  rubidium  sulphate,  and  slowly  cooling  the  concentrated 
filtrate.  The  tetragonal,  octahedral  crystals  have  the  axial  ratios  a : c=l  : 0-9702  ; 
and  the  birefringence  is  strong  and  positive.  The  crystals  lose  water  when  exposed 
to  air  ; about  7 mols.  of  water  are  given  off  at  150°,  and  all  at  a much  higher  temp. 
100  parts  of  cold  water  dissolve  10  parts  of  the  salt,  but  warm  water  dissolves  much 
more. 

C.  Scheibler  mixed  soln.  of  barium  metatungstate  and  copper  sulphate,  and 


c.c. NaOH per 5 c.c.  acid  solo 
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obtained  from  the  filtrate  what  were  probably  monoclinic  plates  of  copper  meta- 
tungstate,  Cu0.4W03.11H20.  S.  H.  C.  Briggs  dissolved  20  grms.  of  tungsten 
trioxide  in  20  c.c.  of  a cold,  cone.  aq.  ammonia,  and  added  a soln.  of  5 grms.  of 
hydrated  copper  sulphate  in  7-5  c.c.  of  water  and  7-5  c.c.  of  cone.  aq.  ammonia  ; 
and  allowed  the  filtrate  to  stand  in  air.  Pale  blue  needles  of  copper  hexammino- 
metatungstate,  Cu0.4W03,6NH3.8H20,  were  formed.  The  salt  is  insoluble  in 
water,  and  almost  insoluble  in  dil.  aq.  ammonia.  C.  Scheibler  mixed  boiling  soln. 
of  sodium  metatungstate  and  silver  nitrate  in  equimolar  proportions  along  with  a 
couple  of  drops  of  nitric  acid  ; filtered  off  the  normal  silver  tungstate  if  necessary, 
and  allowed  the  soln.  to  deposit  white,  octahedral  crystals  of  silver  metatungstate, 
Ag20.4W03.3H20.  A.  Rosenheim  and  F.  Kohn,  and  C.  Friedheim  also  prepared 
the  salt,  and  found  that  the  white,  scaly  crystals  are  almost  insoluble  in  water ; 
they  lose  0-65  mol.  of  water  at  110° ; 0-87  mol.  at  150°  ; 1-1  mols.  at  160°  ; and  1*3 
mols.  at  200°.  It  is  therefore  assumed  that  at  least  2,  possibly  3,  mols.  of  water  are 
intimately  associated  with  the  molecule. 

C.  Scheibler  obtained  calcium  metatungstate,  Ca0.4W03.10H20,  from  a soln. 
obtained  by  digesting  hot  metatungstic  acid  with  calcium  carbonate.  G.  N.  Wyrou- 
boff  said  that  the  crystals  are  triclinic  pinacoids — pseudotetragonal — and  have  the 
axial  ratios  a : b : c=l-0070  : 1 : 1-3694,  and  a=91°  1' ; £=93°  0' ; and  y=90°  16'. 
Twinning  occurs  about  the  (OOl)-plane.  The  birefringence  is  negative  and  feeble  ; 
and  the  optic  axial  angle  2 £’=115°.  C.  Scheibler  obtained  strontium  metatung- 
state,  Sr0.4W03.8H20,  in  a'similar  manner.  C.  Scheibler,  and  C.  F.  Rammelsberg 
described  the  crystals  as  tetragonal,  but  G.  N.  Wyrouboff  showed  that  they  are 
monoclinic  prisms  with  the  axial  ratios  a : b : c=l-0556  : 1 : 0-7999,  and  /3=90°  21'. 
The  birefringence  is  negative  and  feeble,  and  the  optic  axial  angle  22?=93°  40'. 
C.  Scheibler  obtained  barium  metatungstate,  Ba0.4W03.9H20,  by  mixing  boiling 
cone.  soln.  of  sodium  metatungstate  and  barium  chloride  in  the  presence  of  a few 
drops  of  hydrochloric  acid,  and  cooling.  The  tritungstate  is  also  deposited  as  a 
white  powder  ; this  can  be  removed  by  levigation,  or  by  recrystallization  from  water 
acidulated  with  hydrochloric  acid.  E.  Zettnow  dissolved  42  parts  of  sodium 
paratungstate,  15  parts  of  sodium  hydrophosphate,  and  15  c.c.  of  hydrochloric 
acid  of  sp.  gr.  1-12  in  100  c.c.  of  water,  and  then  added  to  the  boiling  liquid  9 parts 
of  barium  chloride.  The  filtrate  Was  evaporated  for  crystallization,  and  the  product 
recrystallized  from  water  2 or  3 times.'  L.  A.  Hallopeau  boiled  _a  soln.  of 
paratungstic  acid  with  an  excess  of  barium  carbonate,  and  concentrated  the  clear 
liquid  in  vacuo  for  crystallization.  E.  F.  Smith  found  that  the  dehydration  curve 
agreed  with  the  formula  (Ba0.W03)3(H20:W03).6H20.  C.  Scheibler,  L.  A.  Hallo- 
peau, and  C.  F.  Rammelsberg  described  the  white  crystals  as  tetragonal  octahedra, 
but  G.  N.  Wyrouboff  showed  that  they  are  rhombic  bipyramids  with  the  axial 
ratios  a : b : c=0-9962  : 1 : 1-5070.  Twinning  occurs  about  the  (llO)-plane.  The 
optic  axial  angle  2E=21°  ; and  the  crystals  are  feebly  birefringent.  The  sp*.  gr. 
is  4-298  at  14°.  The  optical  character  is  positive  ; the  birefringence  feeble  ; and 
the  optic  axial  angle  2E=21° . C.  Scheibler  said  that  the  crystals  are  stable  in  air  ; 
but  L.  A.  Hallopeau,  that  they  effloresce  in  air.  G.  N.  Wyrouboff  also  said  that 
the  crystals  lose  water  when  exposed  to  air.  They  effloresce  over  cone,  sulphuric 
acid.  Cr  Scheibler  found  that  the  crystals  lose  8-65  per  cent,  of  water  at  100°  ; 
L.  A.  Hallopeau,  9-27  percent. — the  theoretical  loss  for  6 mols.  of  water  is  8-69  per 
Gent.  A.  Rosenheim  and  F.  Kohn  found  that  3 mols.  of  water  are  retained  by  the 
salt  which  has  been  heated  over  100°,  and  that  the  loss  of  water  at  higher  temp, 
is  attended  by  diminished  solubility.  H.  Copaux  added  that  1-5  mols.  of  water 
are  retained  at  110°,  and  the  weight  remains  constant  at  150°  ; more  water  is  lost 
between  200  °and  250°,  but  about  half  a mol.  is  retained  at  250°.  After  calcination 
the  product  is  yellow  and  insoluble.  The  salt  is  freely  soluble  in  hot  water  ; cold 
water  dissolves  the  salt  with  partial  decomposition  into  barium  tritungstate  and 
free  tungstic  acid,  but  these  products  recombine  if  the  liquid  be  heated.  The 
addition  of  baryta-water  to  the  aq.  soln.  precipitates  normal  barium  tungstate. 


826 


INORGANIC  AND  THEORETICAL  CHEMISTRY 


According  to  C.  Scheibler,  on  mixing  soln.  of  barium  metatungstate  and  silver 
nitrate,  a liquid  is  obtained  which  furnishes  aggregates  of  stumpy  prisms  of  silver 

barium  metatungstate. 

C.  Scheibler  obtained  a syrupy  liquid  by  concentrating  the  filtrate  containing 
beryllium  metatungstate,  obtained  by  double  decomposition  with  say  beryllium 
sulphate,  and  barium  metatungstate.  The  syrup  dries  to  a hard  mass.  A soln.  of 
magnesium  metatungstate,  obtained  in  a similar  way,  furnishes  monoclinic  prisms 
of  the  octohydrate,  Mg0.4W03.8H20,  which  are  stable  in  air.  The  axial  ratios 
found  by  G.  N.  Wyroubofi  are  a : b : c=0-6763  : 1 : 0-7792,  and  j3=^106°  43'.  The 
optical  character  is  positive,  and  the  optic  axial  angle  2F=77°50'.  Similarly 
with  zinc  metatungstate,  Zn0.4W03.10H20,  whose  crystals  are  freely  soluble  in 
water.  When  the  water  is  expelled  by  calcination  at  a red-heat,  the  residue  is 
insoluble  in  water.  If  the  soln.  is  crystallized  between  6°  and  20°,  it  deposits  the 
octohydrate,  Zn0.4W03.8H20,  in  monoclinic  prismatic  plates  which  were  found  by 
G.  N.  Wyroubofi  to  have  the  axial  ratios  a : h : c=0-6626  : 1 : 0-7557,  and 
/3=105°  57'.  They  are  isomorphous  with  the  corresponding  octohydrates  of 
magnesium  and  nickel  metatungstates.  The  optical  character  is  positive  ; and  the 
optic  axial  angle  2//=l  23°.  The  corresponding  cadmium  metatungstate, 
Cd0.4W03.10H20,  was  obtained  by  C.  Scheibler  in  an  analogous  manner.  The 
salt  is  stable  in  air.  G.  N.  Wyroubofi  found  that  the  tetragonal,  bipyramidal 
crystals  have  the  axial  ratio  a : c=l  : 0-9936,  and  they  are  isomorphous  with  the 
corresponding  salts  of  ammonium,  sodium,  and  manganese.  The  birefringence  is 
positive  and  strong.  C.  Friedheim  found  that  the  salt  is  stable  in  air  ; and  it 
loses  7 mols.  of  water  between  100°  and  110°  ; and  at  a dull  red-heat,  10  mols. 
C.  Scheibler  reported  mercurous  metatungstate,  Hg20.4W03.25H20,  to  be  formed 
by  adding  a soln.  of  mercurous  nitrate  to  one  of  a soluble  tungstate,  or  a soln.  of 
tungstic  acid  ; the  voluminous,  white  precipitate  becomes  lemon-yellow  and  more 
compact  after  washing,  and  drying  in  air.  C.  Friedheim  said  that  only  the  para- 
tungstate  is  produced  by  this  process.  H.  Copaux  did  not  succeed  in  preparing 
mercurous  metatungstate.  Cone.  soln.  of  metatungstic  acid  and  mercurous  nitrate 
give  a crystalline  powder  whether  the  metatungstate  or  the  mercurous  salt  be  in 
excess,  the  composition  of  the  salt  is  Hg20  : W03=l-7  : 4.  He  obtained  mercurous 
nitratometatungstate,  9Hg20.24W03.N205.29H20,  which  can  be  represented  by 
the  formula  H2Hg8[H4(W207)6].HgN03.12AH20,  in  which  the  metatungstic  acid  has 
a higher  basicity  than  is  usual.  G.  N.  Wyroubofi  found  that  mercuric  metatungstate 
prepared  by  double  decomposition,  is  insoluble.  A.  Rosenheim  and  F.  Kohn  could 
not  obtain  a mercuric  metatungstate  of  constant  composition.  • 

A.  Rosenheim  and  F.  Kohn  prepared  thallous  metatungstate,  T120.4W03.3H20, 
by  mixing  boiling  soln.  of  eq.  proportions  of  sodium  metatungstate  and  thallous 
nitrate  in  the  presence  of  a little  nitric  acid.  The  yellowish-white,  insoluble, 
crystalline  powder  loses  2 mols.  of  water  at  90°.  C.  Scheibler  prepared  yellow 
cerous  metatungstate,  Ce2(W4O13)3.30H2O,  from  a soln.  of  barium  metatungstate 
and  cerous  sulphate.  G.  N.  Wyroubofi  found  that  the  triacontahydrate  is  formed 
in  triclinic  prisms  below  16°,  and  the  heptacosihydrate  above  16°  in  rhombic 
crystals.  The  triclinic  crystals  have  the  axial  ratio  a : h : c=0-9338  : 1 : 0-5825, 
and  a=96°  43',  /3=92°  34',  and  y=91°  30'.  The  birefringence  is  strong. 
G.  N.  Wyroubofi  similarly  prepared  lanthanum  metatungstate,  La2(  W4O13)3.30H2O, 
whose  triclinic  crystals  have  the  axial  ratios  a : b : c=0-9859  : 1 : 0-5786,  and 
a=97°  6',  /3=93°  50',  and  y=89°  2'  ; and  the  rose-red  rhombic  crystals  of  the 
corresponding  didymium  metatungstate,  Di2(W4013)3.27H20,  have  the  axial 
ratios  a : b : c=0-9736  : 1 : 1-2952.  The  birefringence  is  positive  and  strong  ; and 
the  optic  axial  angle  2//=94°.  P.  T.  Cleve  obtained  samarium  metatungstate, 
Sa2(W40J3)3.35H20,  by  double  decomposition.  The  crystals  are  soluble  in  water. 
Similarly,  A.  Cleve  obtained  ytterbium  metatungstate,  Yb2(W4013)3.35H20,  in 
prismatic  crystals,  freely  soluble  in  water. 

J.  Lefort  reported  lead  tetratungstate,  3Pb0.4W04,  to  be  formed  by  pouring 
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a soln.  of  lead  acetate  into  one  of  sodium  tungstate,  washing  with  water  and  alcohol, 
and  drying  over  quicklime  and  sulphuric  acid.  The  white,  amorphous  precipitate 
is  stable  in  air.  100  parts  of  water  dissolve  0-025  part  of  the  salt.  C.  Scheibler 
obtained  lead  metatungstate,  Pb0.4W03.5H20,  from  soln.  of  lead  acetate  and 
metatungstic  acid,  or  its  salts,  and  drying  the  washed  product  in  air.  C.  Friedheim 
obtained  the  pentahydrale  in  crystals  which  slowly  effloresce  in  air,  and  over 
sulphuric  acid,  they  lose  3-03  per  cent,  of  water.  The  aq.  soln.  is  decomposed  by 
hydrogen  sulphide  ; and  the  salt  is  dissolved  by  hot  nitric  acid.  W.  Lotz  reported 
I the  hexahydrate  in  fine  needles,  to  be  formed  by  adding  ammonium  metatungstate 
to  a soln.  of  lead  nitrate,  and  spontaneously  evaporating  a soln.  of  the  precipitate 
in  much  water.  E.  F.  Smith  said  that  if  the  mixed  soln.  employed  by  W.  Lotz 
be  not  heated,  but  allowed  to  evaporate  spontaneously,  long  silky  needles  of  normal 
lead  metatungstate,  Pb0.4W03.7H20,  are  formed.  According  to  A.  Rosenheim 
and  F.  Kohn,  lead  metatungstate  cannot  be  prepared  by  saturating  metatungstic 
acid  with  lead  oxide,  or  by  the  double  decomposition  of  an  alkali  metatungstate 
with  a soln.  of  a lead  salt.  The  products  always  have  a variable  composition. 
They  found  that  W.  Lotz’s  salt,  as  well  as  a similar  substance  obtained  by 
V.  Forcher,  is  lead  nitratometatungstate,  Pb(N03)2.PbW4013.10H20.  The  white 
needles  lose  7 mols.  of  water  at  100°. 

C.  Scheibler  obtained  manganous  metatungstate,  Mn0.4W03.10H20,  by  double 
decomposition  with  soln.  of  barium  metatungstate  and  manganous  sulphate  ; 
and  G.  N.  Wyrouboff  found  that  the  tetragonal  octahedra  have  the  axial  ratio 
a : c=l  : 0-9919.  The  birefringence  is  strong  and  positive  ; and  the  colour  by 
reflected  light  is  dirty  rose,  and  by  transmitted  light,  amber-yellow.  The  crystals 
are  isomorphqus  with  those  of  the  analogous  sodium  and  cadmium  salts.  The 
salt  remains  unchanged  in  air,  but  loses  10-61  per  cent,  or  7 mols.  of  water  at  105°. 
C.  Scheibler  found  that  ferrous  metatungstate  can  be  obtained  by  dissolving  iron 
in  metatungstic  acid,  but  only  impure  crystals  could  be  prepared  from  the  soln.  ; 
while  ferric  metatungstate  could  not  be  obtained  in  a crystalline  state.  C.  Scheibler 
obtained  cobaltous  metatungstate,  Co0.4W03.9H20,  by  double  decomposition 
with  soln.  of  cobaltous  sulphate  and  barium  metatungstate  ; G.  N.  Wyrouboff 
found  that  the  garnet-red,  rhombic  bipyramids  have  the  axial  ratios 
a : b : c=0-9878  : 1 : 1-3764.  Twinning  and  trilling  occur  about  the  (llO)-plane. 
It  is  isomorphous  with  the  barium  salt  with  which  it  forms  solid  soln.  The  double 
refraction  is  positive  ; and  the  optic  axial  angle  2/?=47°.  C.  Scheibler  prepared 
nickel  metatungstate,  Ni0.4W03.8H20,  in  an  analogous  manner ; in  dark  green, 
monoclinic  plates  and  prisms,  which,  according  to  G.  N.  Wyrouboff,  have  the 
axial  ratios  a : b : c= 0-6555  : 1 : 0-7464,  and  /3= 106°  22'.  The  double  refraction 
is  positive,  and  the  optic  axial  angle  2/7„=132°. 
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phys.  Chem.,  68.  376,  1910  ; G.  Tammann,  Mem.  Acad.  St.  Petersbourg,  (7),  35.  1,  1887  ; G.  von 
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§ 16.  The  Penta-  and  Higher  Tungstates 


F.  Jean  1 boiled  a soln.  of  sodium  tungstate  with  ammonium  chloride,  and 
obtained  ammonium  pentatungstate,  3NH40H.5W03,  as  a white  precipitate. 
The  liquid,  though  acidic,  slowly  evolves  ammonia.  O.  W.  Gibbs,  and  J.  C.  G.  de 
Marignac  obtained  a pentatungstate,  2(NH4)20.5W03.5H20,  by  dissolving 
ammonium  paratungstate  in  boiling  water,  and  cooling  the  soln.  J.  C.  G.  de 
Marignac  described  the  crystals  as  triclinic  pinacoids  with  the  axial  ratios 
a ; b : c=l-1204  : 1 : 1-71900,  and  a=105°  46',  £=95°  17',  and  y=90°  1'.  The 
salt  loses  approximately  3-5  mols.  of  water  at  100°  ; and  at  ordinary  temp.,  100 
parts  of  water  dissolve  3-45  to  3-85  parts  of  salt.  The  aq.  soln.  is  liable  to  decompose 
into  the  paratungstate  and  ammonia. 

G.  von  Knorre  prepared  sodium  pentatungstate,  Na20.5W03,  by  fusing  a 
mixture  of  a mol  of  sodium  tungstate  and  two  mols  of  tungsten  trioxide,  by  heating 
sodium  paratungstate  to  incipient  fusion.  On  extracting  the  fused  mass  with 
cold  water,  it  is  left  in  very  brilliant  plates  or  scales.  When  heated  for  three 
hours  with  water  at  150°,  but  little  dissolves,  the  faintly  acid  liquid  containing 
tungstate  and  metatungstate,  the  latter  in  by  far  the  larger  quantity.  J.  C.  G.  de 
Marignac  occasionally  obtained  crystals  of  the  henahvdrate,  2Na20.5W03.llH20, 
in  the  preparation  of  the  paratungstate.  The  axial  ratios  of  the  monoclinic  prisms 
are  a : b ; c=0-6056  : 1 : 0-4477,  and  £=118°  36'.  J.  Lefort,  V.  Forcher,  and 
O.  W.  Gibbs  seem  to  have  obtained  the  same  salt,  which  they  represented 
4Na2O.10WO3.22H2O,  by  pouring  a cold,  sat.  soln.  of  normal  sodium  tungstate 
into  glacial  acetic  acid,  and  washing  the  sparingly  soluble,  white,  amorphous 
precipitate  with  alcohol.  J.  Lefort  found  that  100  parts  of  water  at  15°  dissolve 
16  parts  of  the  salt.  O.  W.  Gibbs’  4Na20.10W03.23H20  is  probably  the  same  salt 
incompletely  dried  ; and  his  9Na20.22W03.51H20,  a mixture  of  this  salt  and  the 
paratungstate.  Y.  I.  Spitzin  and  L.  Kaschtanoff  found  that  the  action  of  hydrogen 
chloride  can  be  represented  : 


^Na2W4013^Na2W207  ,Na2W04  -jNaCl 
vv<A'i«<*w02C,2  ^2W02CI2  ^WO.Cl,  ^W02C1. 


Na2 


For  the  observations  of  V.  I.  Spitzin  and  others  on  the  reduction  of  sodium 
pentatungstate,  vide  supra,  tungsten  bronzes.  J.  Lefort  reported  potassium 
pentatungstate,  2K20.5W03.4H20,  to  be  formed  by  pouring  a cone.  soln.  of  normal 
potassium  tungstate  into  an  excess  of  glacial  acetic  acid,  and  washing  the  white, 
amorphous  precipitate  with  alcohol.  Prismatic  plates  are  formed  when  the 
cold  aq.  soln.  is  allowed  to  stand  in  a desiccator  ; 100  parts  of  cold  water  dissolve 
5 parts  of  the  salt.  When  the  salt  is  heated  to  redness,  it  becomes  yellow  and 
tungsten  trioxide  is  set  free.  When  the  aq.  soln.  is  boiled,  the  ditungstate  and 
tritungstate  are  formed.  O.  W.  Gibbs  prepared  this  salt  in  an  analogous  manner, 
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and  also  by  mixing  a cold  soln.  of  the  decatungstate  with  potassium  bromide  or 
nitrate ; and  by  evaporating  a soln.  of  normal  potassium  tungstate  and  boric 
acid  to  dryness,  extracting  the  product  with  water,  and  allowing  the  soln.  to 
crystallize.  0.  W.  Gibbs  represented  the  salt  by  the  formula  4K20.10W03.9H20. 
E.  Schaefer  melted  a mol  of  rubidium,  carbonate  with  3 to  3|  mols  of  tungsten 
trioxide  and  obtained  a greenish  mass,  which  was  lixiviated  with  water  acidulated 
with  hydrochloric  acid.  White  micaceous  plates  of  rubidium  pentatungstate, 
Rb20.5W03,  remained.  They  are  almost  insoluble  in  hot  water,  and  are 
decomposed  by  aqua  regia. 

0.  W.  Gibbs  obtained  zinc  pentatungstate,  2Zn0.5W03.9H20,  which  he 
represented  by  4Zn0.10W03.18H20,  from  cold  soln.  of  sodium  pentatungstate 
and  zinc  sulphate.  J.  Lefort  mixed  eq.  proportions  of  mercuric  acetate  and  sodium 
ditungstate  in  cone.,  aq.  soln.,  and  obtained  a very  pale  yellow  precipitate  of 
mercuric  pentatungstate,  3Hg0.5W03.5H20.  It  resists  the  action  of  light. 
100  parts  of  water  at  15°  dissolve  0-4  part  of  salt.  If  a mixed  soln.  of  sodium 
tritungstate  and  mercuric  acetate  be  poured  into  alcohol,  and  the  mixture  allowed 
to  stand  for  some  hours,  a white  precipitate  of  Hg0.5W03.5H20,  is  formed.  It 
is  decomposed  by  hot  and  by  cold  water. 

According  to  J.  Lefort,  if  a mixed  soln.  of  sodium  tritungstate  and  aluminium 
acetate  is  poured  into  alcohol,  a white  precipitate  of  aluminium  pentatungstate, 
A12G3.5W03.6H20,  is  formed.  When  freshly  precipitated,  it  dissolves  in  water, 
but  it  soon  decomposes  into  the  tetratungstate  and  paratungstate.  E.  F.  Smith 
and  H.  L.  Dieck  obtained  chromium  pentatungstate,  Cr203.5W03,  in  the  form  of 
brown,  rhombic  needles,  when  eq.  quantities  of  potassium  dichromate  and  tungsten 
trioxide  are  heated  together  until  the  mixture  fuses  and  no  more  gas  is  evolved. 
The  crystals  are  not  attacked  by  aqua  regia ; they  were  decomposed  for  analysis 
by  fusion  with  sodium  carbonate  and  potassium  nitrate.  J.  Lefort  obtained  the 
pentahydmte,  Cr20.5W03.5H20,  by  pouring  into  alcohol  a mixed  soln.  of  sodium 
tritungstate  and  chromic  acetate.  The  greenish-white  precipitate  is  considerably 
altered  by  cold  and  particularly  by  boiling  water. 

According  to  T.  M.  Taylor,2  C.  Scheibler’s  method  of  preparing  ammonium 
meta tungstate,  viz.,  by  heating  the  paratungstate  to  250°,  furnishes  a colloidal, 
gummy  mass  of  ammonium  hexatungstate,  (NH4)2Q.6W03.4  or  6H20.  T.  M.  Taylor 
said  that  to  prepare  this  salt,  the  needles  of  the  paratungstate  are  spread  out  on  a 
watch-glass,  and  heated  in  an  air-bath  at  220°  for  one  hour.  The  air-bath  must 
allow  the  escape  of  water  and  ammonia.  The  product  is  covered  with  water  and 
boiled  vigorously  for  fifteen  or  twenty  minutes,  when  a clear,  but  dark,  heavy 
liquid  results.  This  is  filtered  away  from  any  residue  and  on  evaporation  dries 
into  the  gum  with  an  almost  quantitative  yield.  On  standing  several  days  in 
water,  the  residue  will  pass  into  the  gum  without  previous  boiling.  At  higher 
temp,  considerable  tungstic  acid  is  separated  and  the  yield  is  not  so  good.  The 
metatungstate  free  from  paratungstate  must  be  heated  to  250°,  before  yielding 
the  gum,  and  the  yields  are  nothing  like  so  large  as  when  the  paratungstate  salts 
are  taken  for  the  starting-out  material.  The  yellow  glass  has  a high  index  of 
refraction  ; it  is  miscible  with  water  in  all  propqrtions  ; the  aq.  soln.  has  an  acidic 
reaction  and  readily  absorbs  ammonia,  and  when  neutralized  with  ^A-NH.jOH, 
it  forms  the  metatungstate.  F.  Margueritte,  and  A.  Laurent  mention  the  hexa- 
tungstate. A.  W.  Leontowitsch  could  not  prepare  F.  Ullik’s  octotungstate  but 
obtained  instead  sodium  hexatungstate,  Na20.6W03.15H20  ; and  he  obtained 

< the  same  salt  by  dissolving  100  grms.  of  sodium  metatungstate  in  25  c.c.  of  water 
and  11-3  c.c.  of  hydrochloric  acid  of  sp.  gr.  1-124,  and  allowing  the  turbid  soln. 

1 to  stand  for  4 or  5 hrs.  The  filtered  soln.  is  allowed  to  crystallize  in  an  ice-chamber. 
The  sodium  chloride  is  separated  by  recrystallization  many  times  from  water. 
The  doubly  refracting  crystals  are  combinations  of  octahedra  and  hexahedra. 

! G.  Jander  and  co-workers  also  prepared  Na6W6021.  J.  C.  G.  de  Marignac  obtained 
potassium  hexatungstate,  K20.6W03.nH20,  as  a by-product  in  preparing 
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potassium  metatungstate  by  the  action  of  the  normal  tungstate  on  tungstic 
acid. 

J.  C.  G.  de  Marignac  obtained  sodium  heptatungstate,  Na6W7024.21H20,  by 
slowly  cooling  a soln.  of  sodium  paratungstate  which  had  been  boiled  for  a long 
time.  The  triclinic  pinacoids  have  the  axial  ratios  a : b : c=0-9296  : 1 : 0-5207,  and 
a=92°  47',  /?=96°  28',  and  y=89°  40'.  The  hexadecahydrate  was  obtained  in  a 
similar  way  with  a soln.  containing  a little  sodium  carbonate.  The  triclinic  pina- 
coids have  the  axial  ratios  a : b : c=0-6836  : 1 : 1-1802,  and  a=95°  3',  /3=123°  43', 
and  y =91°  53'. 

J.  C.  G.  de  Marignac  3 found  that  on  cooling  a soln.  of  ammonium  paratungstate 
in  boiling  water,  part  of  the  unchanged  salt  crystallizes  out,  and  part  appears  in 
tabular  crystals  of  ammonium  octotungstate,  3(NH4)20.8W03.8H20.  A.  Laurent 
obtained  a similar  salt.  G.  von  Knorre  obtained  sodium  octotungstate,  Na20.8  W03, 
by  fusing  sodium  metatungstate  or  the  tetratungstate,  and  extracting  the  fused 
mass  with  water.  There  remain  scales  or  plates  of  the  octotungstate,  which  are 
attacked  with  difficulty  by  acids  or  alkalies.  F.  Ullik  prepared  the  dodecahydrale 
by  mixing  an  aq.  soln.  of  the  metatungstate  with  nitric  or  hydrochloric  acid,  and 
spontaneously  evaporating  the  soln.  The  crystals  are  stable  in  air  ; they  are 
freely  soluble  in  cold  water,  and  the  aq.  soln.  deposits  the  salt  unchanged.  Acids 
added  to  the  aq.  soln.  do  not  give  a precipitate.  A.  W.  Leontowitsch  could  not 
prepare  F.  Ullik’s  salt  but  obtained  instead  the  hexatungstate.  R.  C.  Wells’ 
analysis  of  a metatungstate  gave  the  formula  3Na20.8W03.17H20.  L.  A.  Hallopeau 
treated  sodium  paratungstate  with  ammonia,  dissolved  the  product  in  water,  and 
allowed  the  soln.  to  crystallize — prismatic  crystals  of  ammonium  sodium  octo- 
tungstate, 3{(NH4)Na}20.8W03.llH20,  were  formed.  The  crystals  lose  about  6 per 
cent,  of  water  at  100°.  G.  von  Knorre  obtained  steel-grey  or  bluish-black  crystals 
of  potassium  octotungstate,  K20.8W03,  as  a kind  of  tungsten  bronze  ( q.v .)  by 
electrolyzing  a mixture  of  a mol  of  potassium  carbonate  and  3 mols  of  tungsten 
trioxide.  The  sp.  gr.  of  the  crystals  is  6-53.  E.  Schaefer  reported  rubidium  octo- 
tungstate, Rb20.8W03,  by  fusing  a mixture  of  a mol  of  rubidium  carbonate  and 
3 to  34  mols  of  tungstic  acid,  powdering  the  cold  product,  and  then  heating  it  for 
about  three-quarters  of  an  hour  in  an  atm.  of  coal-gas.  The  dark-blue  product  can 
be  purified  by  boiling  it  with  hydrochloric  acid,  aqua  regia,  a soln.  of  potassium 
hydroxide  or  carbonate,  and  finally  with  water — vide  supra,  tungsten  bronzes. 

E.  Zettnow  obtained  barium  octotungstate,  Ba0.8W03.8H20,  by  treating 
a soln.  of  sodium  paratungstate  with  phosphoric  acid  until  no  precipitation  occurs 
when  hydrochloric  acid  is  added  ; the  liquid  is  then  acidified  with  hydrochloric 
acid,  and  treated  with  barium  chloride.  Most  of  the  barium  remains  in  soln. 
as  metatungstate,  but  the  remainder  is  precipitated  as  a snow-white  powder  of 
the  octotungstate. 

A.  Riche  studied  the  action  of  carbon  dioxide  on  an  aq.  soln.  of  normal  sodium 
tungstate,  and  V.  Forcher  found  that  after  several  days’  action,  small  crystals 
of  sodium  decatungstate,  4Na20.10W03.24H20,  were  formed.  These  were  washed 
repeatedly  with  ice-cold  water  until  the  filtrate  gave  no  effervescence  with  hydro- 
chloric acid.  J.  C.  G.  de  Marignac  apparently  obtained  the  same  salt  but  regarded 
it  as  a pentatungstate  (q.v.).  O.  W.  Gibbs  added  that  the  action  of  acetic  acid 
on  neutral  sodium  tungstate  is  to  form  the  5 : 12-tungstate,  the  9 : 22-tungstate, 
or  the  4 : 10-tungstate,  according  to  the  circumstances  of  the  case.  The  composition 
of  the  product  depends  mainly  on  the  concentration  of  the  acid,  and  the  duration 
of  its  action.  E.  F.  Smith  thus  described  his  observations  : 

100  grms.  of  Na2W04.2H20  were  dissolved  in  140  c.c.  of  water  and  50  c.c.  of  glacial 
acetic  acid  were  gradually  introduced  into  the  soln.  ; the  flask  was  cooled  under  running 
water  as  it  became  heated.  Beautiful  white  needles  separated,  but  on  recrystallization 
from  water  the  4:  10-  and  5:  12-salts  were  the  products.  Wero  the  white  needles  not 
recrystallized,  but  simply  washed  with  cold  water,  and  then  analyzed,  the  result  approxi- 
mated closely  to  the  requirements  of  the  formula  9Na20.22W03.51H20.  Many  similar 
trials  gave  like  results,  which  would  mean  that  the  preceding  conditions  gave  in  reality 
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two  salts  4 : 10  and  5 : 12.  Usually  there  was  a preponderance  of  the  first  salt,  the 
4 : 10-salt,  which  J.  Lefort  made  as  a white,  insoluble  precipitate,  by  pouring  a sat.  soln. 
of  the  normal  salt  into  an  excess  of  glacial  acetic  acid  in  the  cold.  This  was  collected, 
washed  with  alcohol,  and  then  dissolved  in  boiling  water.  On  cooling,  it  separated  in  very 
beautiful,  transparent,  oblique  prisms,  unalterable  in  the  air. 

I 

E.  F.  Smith  added  that  the  decatungstate  is  best  made  by  gradually  adding 
formic  acid  to  a soln.- of  normal  sodium  tungstate  in  100  c.c.  of  water  until  the  soln. 
is  distinctly  acid,  and  allowing  the  mixture  to  stand  for  crystallization  for  24  hrs. 
The  4 : 10-tungstate  was  the  only  product,  the  presence  of  the  5 : 12-  and  of  the 
9 : 22-tungstates  was  not  observed.  The  product  can  be  purified  by  recrystalliza- 
tion from  water.  The  crystals  are  thought  to  be  monoclinic.  The  sp.  gr.  of  the 
salt,  by  E.  F.  Smith,  is  4-3.  The  crystals  effloresce  in  dry  air,  and  when  the 
dehydrated  salt  is  redissolved  in  water  much  heat  is  evolved.  V.  Forcher  gave 
2Na20.5W03.12H20  for  the  formula  ; J.  C.  G.  de  Marignac,  2Na20.5W03.llH20  ; 
and  E.  F.  Smith,  4Na20.12W03.23H20.  The  dehydration  curve  agrees  with  the 
assumption  that  the  salt  has  6 mols.  of  constitutional  water,  4(Na20.W03). 

1 6(H20.W03).17H20.  V.  Forcher  found  that  the  solubility  of  the  salt  is  7-94  parts 
per  100  parts  of  water  at  22°  ; J.  Lefort,  16  per  100  at  15°  ; and  E.  F.  Smith,  19  parts 
per  100  at  room  temp.  The  dehydrated  salt  melts  at  680-8°.  E.  F.  Smith  found 
that  the  addition  of  a cold  aq.  soln.  of  zinc  sulphate  produced  a white  precipitate 
soluble  in  a slight  excess  of  zinc  sulphate.  From  this  solution,  on  standing,  white 
needles  separated  in  stellar  aggregations.  These  were  the  4 : 10-zinc  salt  described 
by  0.  W.  Gibbs — vide  the  pentatungstates.  Cadmium,  sulphate  occasioned  a white 
voluminous  precipitate  insoluble  in  an  excess  of  cadmium  sulphate  as  well  as  in 
cold  and  hot  water,  thus  differing  from  the  zinc  salt.  With  cobalt  sulphate  and 

i nickel  nitrate  precipitates  soluble  in  an  excess  of  the  precipitants  appeared.  The 
precipitate  with  cobalt  sulphate  was  quite  granular.  A soln.  of  zirconium  oxychloride 
(Zr0Cl2.8H20)  gave  (in  a soln.  of  the  4 : 10-salt)  a heavy,  white  and  extremely 
gelatinous  precipitate,  insoluble  in  water  and  in  an  excess  of  the  precipitant. 
Lanthanum  sulphate  gave  a white,  insoluble  gelatinous  precipitate.  This  also 
occurred  with  praseodymium  and  neodymium  nitrates.  There  was  nothing 
remarkable  about  these  products.  They  proved  to  be  insoluble  and  were  easily 
decomposed  by  nitric  acid,  even  in  the  cold.  TJranyl  nitrate  gave  a flocculent  yellow- 
coloured  precipitate  (with  the  4 : 10-salt).  It  redissolved  in  a slight  excess  of  the 
uranyl  salt.  The  soln.  was  filtered,  when  a white,  granular  powder  separated. 
Ferric  ammonium  sulphate  gave  a curdy,  slightly  yellow  precipitate,  insoluble  in  an 
excess  of  the  precipitant.  Alum  produced  a copious,  finely-divided  precipitate, 
which  curdled  on  agitation.  It  proved  perfectly  insoluble.  Chromium  potassium 
sulphate  occasioned  a precipitate.  It  was  greenish-grey  in  colour,  gelatinous  and 
insoluble  in  excess  of  the  reagent  and  also  in  large  volumes  of  water.  Lead  nitrate 
produced  a white,  gelatinous  precipitate,  insoluble  in  an  excess  of  the  precipitant 
and  also  in  hot  water.  Hydroxylamine  hydrochloride  (in  a soln.  of  4 : 10-salt) 
caused  no  precipitation.  With  hydrazine  sulphate  a rather  voluminous,  somewhat 
flocculent,  white  precipitate  appeared,  insoluble  in  cold  water,'  but  dissolving  rather 
freely  in  hot  water,  and  was  not  soluble  in  an  excess  of  hydrazine  sulphate. 
Benzidine  hydrochloride  produced  a white,  heavy  precipitate  not  soluble  in  an  excess 
of  the  precipitant  or  in  boiling  water.  Phenylhydrazine  hydrochloride  was  without 
visible  reaction.  N aphthylamine  hydrochloride  gave  a flesh-coloured  precipitate, 
insoluble  even  in  boiling  water.  Hydrochloric  acid  slowly  decomposed  it.  Aniline 
hydrochloride  gave  no  precipitation. 

0.  W.  Gibbs  4 found  that  a mixed  soln.  of  sodium  pentatungstate  and  ammonium 
chloride,  furnished  white,  talc-like  scales  of  ammonium  sodium  decatungstate, 
16(NH4)20.4Na20.50W03.50H20,  or  4{4(NH4)20.10W03}.4Na20.10W03.50H20. 
W.  I.  Baragiola  obtained  ammonium  sodium  3 : 1-decatungstate,  3(NH4)20.Na20. 
10WO3.12H2O,  from  a hot,  sat.  soln.  of  a mol  of  sodium  tungstate  and  2 mols 
of  ammonium  chloride.  It  is  either  an  isomorphous  mixture,  or  a salt 
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Na0.W02.0.W0(0.W02.0NH4)3.  ^ E.  F.  Smith  prepared  calcium  decatungstate, 
4Ca0.10W03.25H20,  as  a white,  granular  powder  which  did  not  melt  at  a low 
red-heat ; similarly  also  with  strontium  decatungstate,  4Sr0.10W03.26H20, 
and  barium  decatungstate,  4Ba0.10W03.22H20  ; zinc  decatungstate, 
4Zn0.10W03.29H20 — vide  supra,  the  pentatungstates ; manganese  decatungstate, 
4Mn0.10W03.30H20,  appears  as  a white  precipitate;  cobalt  decatungstate, 
4Co0.10W03.35H20,  is  pink,  and  insoluble;  and  nickel  decatungstate, 
4Ni0.10W03.34H20,  is  a greenish-white  powder.  A.  Wolff  prepared  potassium 
ferric  decatungstate,  3K2O.Fe2O3.10WO3.23H2O. 

A.  Rosenheim  and  H.  Schwer  6 prepared  ammonium  ferric  dodecatungstate, 
4(NH4)20.Fe203.12W03.23H20,  which  they  represented  by  the  formula 
(NH4)4H5[Fe(W04)6].9H20.  Ferric  chloride  soln.  was  added  in  small  portions 
at  a time  to  a boiling  soln.  of  sodium  para  tungstate.  The  brown  precipitate  first 
produced  redissolves  in  the  liquid.  Ammonium  chloride  was  added  to  saturation. 
On  cooling  the  soln.,  a pale  yellow,  microcrystalline  precipitate  separated  out. 
By  using  potassium  chloride  in  place  of  ammonium  chloride,  potassium  ferric 
dodecatungstate,  K4H5[Fe(W04)6].9H20,  was  similarly  obtained.  When  the 
salt  is  heated  nine  mols.  of  water  are  expelled  more  readily  than  the  remainder. 
Thus,  at  120°,  8-8  mols.  were  given  off ; similarly  at  130° ; at  140°,  8*9  mols.  were 
given  off ; at  160°,  9-3  mols.  ; and  at  a red-heat,  11*5  mols.  The  eq.  conductivity 
of  a soln.  of  an  eq.  of  K4H5[Fe(W04)6].9H20  in  v litres  of  water  at  25°  was  : 

v . . 32  64  128  256  512  1024 

A . . 78-13  88-36  97-27  105-65  116-7  125-9 

from  which  it  follows  that  A1024— 'A32  =47-8.  The  sp.  conductivities  of 
B42V-{K4H5[Fe(W04)6].9H20}  with  additions  of  0,  1,  and  2 eq.  of  —iV-NaOH,  are 
respectively  1-349,  1-562,  and  1-704  mhos,  and  with  more  of  the  soda-lye,  ferric 
hydroxide  separates  out.  All  this  is  taken  to  mean  that  an  enneabasic  ferritungstic 
acid  is  involved,  resembling  the  corresponding  ferrimolybdic  acid.  The  anion 
is  unstable  towards  hydroxyl  ions  so  that  acids  of  higher  basicity  are  scarcely 
possible.  The  tetrabasic  potassium  salt  is  ionized  approximately  the  same  as 
an  ordinary  “ neutral  salt.”  A guanidinium  salt,  (CH6N3)3H6[Fe(W04)6].9H20, 
has  been  prepared — vide  supra,  paratungstates. 

G.  von  Knorre  6 fused  potassium  paratungstate,  or  a mixture  of  a mol  of  the 
normal  tungstate  with  one  or  two  mols  of  tungsten  trioxide,  and  extracted  the 
mass  with  water.  Crystals  of  potassium  tetradecatungstate,  5K20.14W03, 
remained.  They  are  very  sparingly  soluble  in  cold  water,  and  rather  more  soluble 
in  hot  water. 

W.  I.  Baragiola 7 obtained  ammonium  sodium  3 : 2-pentadecatungstate, 

3(NH4)20.2Na20.15W03.25H20,  in  white  plates  from  a soln.  of  2 mols  of  ammonium 
chloride  and  a mol  of  sodium  tungstate  after  the  decatungstate  has  separated  out. 
A hot,  sat.  soln.  of  2 mols  of  ammonium  chloride  and  one  mol  of  sodium  tungstate 
furnishes  crystals  of  ammonium  sodium  4 : 2-pentadecatungstate,  4(NH4)20. 

2Na20.15W03.21H20. 

J.  C.  G.  de  Marignac8  obtained  ammonium  hexadecatungstate,  3(NH4)20. 

16W03.17H20,  by  the  spontaneous  evaporation  of  a soln.  of  the  metatungstate 
mixed  with  some  hydrochloric  acid.  The  crystals  are  probably  triclinic,  and  they 
lose  about  13  mols.  of  water  at  100°.  The  aq.  soln.  has  an  acid  reaction ; and  on 
crystallizing  the  aq.  soln.,  the  metatungstate  separates  out  first.  O.  W.  Gibbs, 
and  G.  von  Knorre  prepared  ammonium  sodium  hexadecatungstate, 
4(NH4)20.3Na20.16W03.18H20.  G.  Jander  and  co-workers  prepared  arsenic 
octodecatungstic  acid,  H8[As(W207)9]. 

As  indicated  in  connection  with  the  decatungstates,  O.  W.  Gibbs 9 prepared 
a complex  sodium  docositungstate,  5Na2O.12WO3.5Na2O.10WO3.51H2O,  or 
9Na20.22W03.51H20,  in  following  the  directions  of  C.  Scheibler  for  preparing 
the  paratungstate,  and  he  added  that  this  salt  is  produced  in  crystals  if  the  pro- 
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portion  of  hydrochloric  acid  is  just  sufficient  to  give  a wine-red  reaction  with 
litmus.  E.  F.  Smith  found  the  dehydrated  salt  melts  at  683-3°.  He  obtained 
this  salt,  but  doubted  its  individuality.  By  treatment  with  zinc  sulphate,  zinc 
docositungstate,  9Zn0.22W03.66H20,  is  formed. 
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§ 17.  The  Pertungstic  Acids  and  the  Pertungstates 

According  to  T.  Fairley,1  hydrogen  dioxide  dissolves  tungsten  trioxide  forming 
a soln.  containing  an  unstable  higher  oxide  from  which  green,  scaly  crystals  are 
deposited  on  evaporation  over  sulphuric  acid  in  vacuo  ; this  product  is  soluble 
in  water,  and  forms  unstable,  crystalline  compounds  with  the  alkali  dioxides. 
J.  B.  Cammerer  treated  tungsten  trioxide  with  a boiling,  two  per  cent.  soln.  of 
hydrogen  dioxide,  and  on  evaporating  the  soln.  he  obtained  a deep  orange, 
amorphous  mass  of  monopertungstic  acid,  H2W05.H20,  or  W03.H202.H20, 
which  dissolves  in  water,  and  the  soln.  has  an  acidic  reaction.  B.  Kellner  could 
not  isolate  a product  of  definite  composition  from  a soln.  of  hydrated  tungstic 
acid  in  hydrogen  dioxide.  When  the  soln.  is  concentrated,  it  decomposes  when 
heated,  although  the  dil.  soln.  does  not  decompose  when  boiled  at  100°.  No 
VOL.  xi.  3 h 
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precipitation  occurs  when  alcohol  or  ether  is  added.  If  evaporated  in  a desiccator, 
an  amorphous  substance  approximating  perditungstic  acid,  H2W208.2H20,  or 
W207.3H20,  is  formed.  It  decomposes  at  about  35°.  It  decomposes  in  water 
with  the  evolution  of  oxygen ; L.  Pissarjewsky  was  unable  to  prepare  this 
compound ; but  he  inferred  from  his  observations  on  the  thermal  value,  Q Cals., 
of  the  reaction  between  tungsten  trioxide  and  hydrogen  dioxide  that  such  a com- 
pound probably  exists  but  is  less  stable  than  that  between  hydrogen  dioxide 
and  molybdenum  trioxide  ( q.v .)  : 

Mols  H202  per  mol  W03  1 2 3 4 5 6 10 

Heat  developed,  Q . 0-89  1-536  2 001  2-728  3-233  3-335  3-466  Cals. 


J.  Brode’s  observations  on  the  distribution  of  hydrogen  dioxide  between  ether  and 
aq.  soln.  of  tungstic  acid,  at  20°,  confirm  the  view  that  if  monopertungstic  acid 
exists  in  aq.  soln.,  it  is  even  more  dissociated  in  aq.  soln.  than  is  the  case  with  the 
corresponding  monopermolybdic  acid.  Thus,  with  soln.  containing  | A/-Na2W04 
and  \M- H2S04 : 

Free  H202  . . . 0-265  0-200  0-097  mol 

Bound  H202  per  mol  W03  . 1-34  1-13  0-77  mol 


L.  Pissarjewsky  assumed  that  the  soln.  contained  monopertungstic  acid, 
W02(OH)(OOH),  and  dipertungstic  acid,  W02(00H)2,  in  equilibrium : 
nW02(00H)2+(n+m)H20^(n-m)W02(00H)(0H)+mW02(0H)2+(n+m)H202. 
He  calculated  the  heat  of  formation  of  H2W05  soln.  from  tungstic  acid  and 
oxygen  to  be  —18-154  Cals.  A.  Mazzucchelli  and  C.  Barbero  found  the  potential 
of  a gram-equivalent  of  sodium  pertungstate  in  10  litres  of  A-H2S04,  against  a 
Hg : Hg2S04 : AT-H2S04-electrode,  after  1,  4,  and  15  hrs.,  to  be  respectively 
—0-891,  —0-881,  —0-865  volt  with  a large  platinum  electrode  ; — 0-894,  —0-886, 
—0-865  volt  with  a small  platinum  electrode ; and  —0-970,  —0-952,  and  —0-947 
volt  with  a gold  electrode.  A.  Mazzucchelli  and  M.  Borghi  studied  the  formation 
of  complexes  with  optically  active  organic  substances.  E.  P.  Alvarez  studied 
the  action  of  the  pertungstates  on  soln.  of  lead  acetate  (white  precipitate),  silver 
nitrate  (white  precipitate),  mercurous  nitrate  (white  precipitate,  with  rapid 
decomposition),  mercuric  chloride  (red  precipitate),  copper  sulphate  (blue 
precipitate),  zinc  and  cadmium  sulphates  (white  precipitates),  bismuth  nitrate 
(white  precipitate;,  gold  chloride  (slight  effervescence  and  escape  of  oxygen), 
manganous  chloride  (pink  precipitate),  nickelous  chloride  or  sulphate  (greenish- 
white  precipitate),  cobaltous  nitrate  and  chloride  (pink  precipitate),  ferrous 
sulphate  (green  or  bluish-green  precipitate),  ferric  chloride  (red  ferric  hydroxide), 
and  alkaline  earth  chlorides  (white  precipitates).  The  precipitates  are  all  per-salts 
of  the  bases  in  question. 

According  to  E.  Pechard,  when  a soln.  of  sodium  paratungstate  is  boiled  for  a 
few  minutes  with  hydrogen  dioxide,  it  assumes  a yellow  tint,  and  no  longer  gives 
a precipitate  with  nitric  acid  ; when  it  is  evaporated  in  vacuo,  the  syrupy  liquid 
deposits  small,  white,  radiating  crystals  of  Na20.W207.2H20,  that  is,  sodium 
monoperditungstate,  Na2W208.2H20.  He  also  prepared  ammonium  mono- 
perditungstate,  in  a similar  manner,  but  B.  Kellner  could  not  isolate  an  ammonium 
pertungstate.  E.  Pechard  added  that  sodium  perditungstate  is  more  soluble 
in  water  than  sodium  paratungstate  ; it  gives  off  water  when  heated  in  vacuo, 
and  finally  decomposes  with  the  evolution  of  oxygen.  Alkali-lye  destroys  these 
salts  with  the  liberation  of  oxygen ; and  aq.  soln.  liberate  iodine  from  potassium 
iodide,  and  chlorine  from  hydrochloric  acid.  G.  E.  Thomas  found  that  by  electro- 
lyzing a 30  per  cent.  soln.  of  sodium  tungstate  slightly  acidified  with  acetic  acid, 
sodium  pertungstate  is  formed,  but  he  did  not  isolate  the  salt ; but  J.  Eltzbacher 
could  not  prepare  sodium  pertungstate  by  the  electrolysis  of  a soln.  of  the  normal 
tungstate  using  a high  anodic  current  density.  B.  Kellner  could  not  prepare 
E.  Pechard’s  hydrate,  but  he  obtained  crystals  of  the  tetrahydrate,  Na2W208.4H2G 
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belonging  to  the  rhombic  system,  by  the  action  of  hydrogen  dioxide  on  an  acid 
soln.  of  sodium  paratungstate  mixed  with  a little  sodium  tungstate  so  that  the 
soln.  would  not  react  acid.  A.  Mazzucchelli  and  C.  Barbero  found  the  electrode 
potentials  towards  the  normal  calomel  electrode  with  soln.  of  sodium  perdi tungstate, 
Na2W208.6H20,  after  1,  3,  and  7 hrs.  to  be  respectively  —0-746,  — 0-733,  and 
—0-733  volt  with  large  platinum  electrodes;  —0-729,  -0-736,  and  —7-730  volt 
with  small  platinum  electrodes ; and  —0-699,  —0-687,  and  —0-699  volt  with 
gold  electrodes:  Hydrogen  dioxide  does  not  dissolve  silver  paratungstate, 
and  it  is  decomposed  by  normal  silver  tungstate ; but  silver  perditungstate, 
Ag2W208.4H20,  was  obtained  by  adding  silver  nitrate  to  a soln.  of  potassium 
pertungstate.  The  white  precipitate  is  sparingly  soluble  in  water.  B.  Kellner 
also  prepared  strontium  perditungstate,  SrW208.6H20,  by  adding  an  excess  of 
strontium  nitrate  to  a soln.  of  potassium  hypertungstate  containing  a little  hydrogen 
dioxide  ; and  similarly  with  barium  perditungstate,  BaW208.6H20. 

L.  Pissarjewsky  prepared  a salt  with  the  composition,  sodium  perditungstate, 
Na2W209.6H20,  by  warming  sodium  paratungstate  for  10  minutes  with  an  excess 
of  hydrogen  dioxide,  precipitating  the  salt  by  the  addition  of  alcohol,  and  recrystal- 
lizing from  water.  The  white  powder  has  a yellow  tinge,  and  it  consists  of  micro- 
scopic, rhombic  prisms.  It  deliquesces  a little  in  air,  and  with  dil.- sulphuric  acid 
it  forms  hydrogen  dioxide,  and  with  cone,  sulphuric  acid,  ozone.  B.  Kellner 
obtained  white  rhombic  crystals  of  lithium  perditungstate,  Li2W209.6H20,  by 
adding  a soln.  of  lithium  sulphate  to  a soln.  of  ammonium  paratungstate  in  hydrogen 
dioxide.  The  salt  is  sparingly  soluble  in  water.  According  to  L.  Pissarjewsky, 
the  ratio  of  W03  to  active  oxygen  in  Na2W208.2H20  is  2 : 1,  and  in  Na2W209.6H20, 
1:1,  when  determined  by  titration  with  potassium  permanganate  in  sulphuric 
acid  soln.  Hence,  by  analogy  with  the  persulphates,  the  constitutions  of  the  acids 
corresponding  with  these  two  salts  may  be  represented  : 

0/  \OHHO/  V)  OS'  \O.OH  HO.O/  V) 

Monoperditungstic  Acid,  H2W2Os 


<K  \OH  HO/  \Q 


or 


%/  O 

0/  \O.OH  HO.O 


Diperditungstic  Acid,  H2W209 


so  that  L.  Pissarjewsky’s  acid  can  be  regarded  as  a condensation  product  of  two 
molecules  of  H2W05,  i.e. 


°yv/d 

o'  \)=h2 


with  the  expulsion  of  a mol.  of  water.  P.  G.  Melikoff  and  L.  Pissarjewsky  also 
prepared  a peroxidized  salt  of  this  acid,  namely,  sodium  dipertungstate, 
Na202.W04.H202,  or  Na202.W05.H20,  which  can  be  regarded  as  a derivative  of 
dipertungstic  acid,  H2W07,  or 


OWO.O.OH 
OS’  \O.OH 


or 


0\ 

o/ 


wo 


/O.OH 

\O.OH 


or 


W 


/OH 

\O.OH 


The  salt  was  prepared  by  the  action  of  a well-cooled  soln.  of  sodium  hydroxide 
(lj  mol  NaOH  to  one  mol  of  NaW04)  and  hydrogen  dioxide  (six  times  the  calculated 
quantity)  on  a soln.  of  perditungstate.  The  yellow  powder  slowly  decomposes 
with  the  evolution  of  oxygen  ; when  warmed  it  decomposes  with  a feeble  detonation  ; 
and  when  treated  with  water,  the  evolution  of  oxygen  is  attended  by  effervescence. 
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Iodine  is  liberated  from  potassium  iodide  ; and  with  cone,  sulphuric  acid  ozone  is 
given  off,  and  with  dil.  sulphuric  acid,  hydrogen  dioxide  is  formed.  By  cooling  to 
—2°  a soln.  of  3 mols  of  sodium  hydroxide,  half  a mol  of  Na2W20.8,  and  an  excess  of 
hydrogen  dioxide,  P.  G.  MelikofI  and  L.  Pissarjewsky  obtained  a yellow  complex 
(Na202)2W04(Na202.W04.H202).7H20,  wdiich  behaves  chemically  like  the 
preceding  salt.  E.  Wegelin  reported  sodium  dipertungstate,  Na2W0c.4H20, 
or  Na2W04.2H202.2H20,  a derivative  of  dipertungstic  acid,  H2W06  : 


O 


to  be  formed  by  cooling  a soln.  of  normal  sodium  tungstate  with  an  excess  of  25  per 
cent,  hydrogen  dioxide.  The  white,  crystalline  powder  has  a yellow  tinge ; it 
gives  off  oxygen  when  dissolved  in  water.  The  salt  also  exhibits  the  general 
properties  of  the  pertungstates.  P.  G.  Melikoff  and  L.  Pissarjewsky  prepared 
potassium  hypertungstate,  K204.W04.H20,  derived  from  the  acid 


O 


or,  if  the  water  of  crystallization  be  included  in  the  formula,  and  pertungstic  acid 
be  represented  WO(OOH)4,  the  potassium  salt  becomes  WO(OOK)2(OOH)2.  It 
was  obtained  by  adding  an  excess  of  hydrogen  dioxide  to  a well-cooled  soln.  of 
potassium  hydroxide  and  tungstate,  and  precipitating  the  salt  by  the  addition  of 
alcohol.  The  pale  yellow  precipitate  decomposes  in  air  ; it  explodes  by  friction,  or 
by  rapidly  heating  it  to  80°  ; if  slowly  heated,  oxygen  is  given  off.  When  treated 
with  water,  oxygen  is  given  off  ; and  the  salt  gives  other  reactions  characteristic  of 
the  pertungstates.  B.  Kellner  prepared  hexagonal  prisms  of  potassium  hyperditung- 
state, K2W2011.4H20,  from  a soln.  of  potassium  paratungstate  and  cold  20  per 
cent,  hydrogen  dioxide.  The  salt  is  stable  ; and  it  is  precipitated  from  its  aq.  soln. 
by  a mixture  of  alcohol  and  ether.  Most  salts  of  the  heavy  metals  give  precipitates 
with  the  aq.  soln. — e.g.  barium,  lead,  mercuric,  and  silver  nitrates,  and  thallosic 
sulphate. 

B.  Kellner  obtained  lithium  pertetratungstate,  Li6W4016.9H20,  in  hexagonal 
crystals,  from  the  mother-liquor  in  the  preparation  of  the  diperditungstate.  He 
also  prepared  rubidium  pertetratungstate,  Rb4W4015.3H20,  in  stable,  rhombic 
plates  by  evaporating  the  filtrate  from  a soln.  of  rubidium  paratungstate  in  an 
excess  of  20  per  cent,  hydrogen  dioxide ; and  white  crystals  of  magnesium  pertetra- 
tungstate, Mg2W402o-9H20,  from  a soln.  of  magnesium  paratungstate  in  an  excess 
of  20  per  cent,  hydrogen  dioxide.  B.  Kellner  reported  calcium  perhexatungstate, 
Ca3W6027.8H20,  to  be  formed,  as  a white  precipitate,  by  adding  calcium  nitrate  to 
a soln.  of  sodium  paratungstate  and  normal  tungstate  in  an  excess  of  hydrogen 
dioxide.  If  potassium  hypertungstate  is  dissolved  in  10  to  15  times  its  weight  of 
cold  water,  and  the  soln.  allowed  to  stand  overnight,  rhombic  crystals  of  potassium 
perdecatungstate,  K14W30O52.22H2O,  are  formed.  If  caesium  sulphate  be  added  to 
a hot  soln.  of  5 mols  of  sodium  paratungstate  and  2 mols  of  the  normal  sulphate 
in  an  equal  weight  of  20  per  cent,  hydrogen  dioxide,  on  cooling,  a microcrystalline 
precipitate  of  caesium  perdodecatungstate,  Cs6W12041.12H20,  is  formed.  An 
excess  of  a soln.  of  caesium  sulphate  added  to  a hot  soln.  of  sodium  paratungstate 
in  1-2  to  1-4  times  its  weight  of  15  per  cent,  hydrogen  dioxide,  yields  yellow  crystals 
of  caesium  perparatungstate,  Cs10W12O65.11H2O  ; and  rubidium  sulphate  similarly 
furnishes  rubidium  perparatungstate,  Rb]0W12O44.12H2O,  as  a microcrystalline 
powder.  These  salts  want  overhauling. 
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§ 18.  Tungsten  Fluorides  and  Oxyfluorides 

According  to  H.  Moissan,1  fluorine  at  ordinary  temp,  attacks  tungsten  with 
incandescence  forming  a volatile  fluoride.  J.  J.  Berzelius  observed  that  while 
tungsten  trioxide  which  has  been  ignited  dissolves  sparingly  in  hydrofluoric  acid, 
hydrated  tungsten  trioxide  forms  with  hydrofluoric  acid  a yellow,  milky  liquid, 
which  is  soluble  in  a large  proportion  of  water.  On  evaporation,  the  soln.  yields  a 
yellow  syrup,  which,  at  a higher  temp.,  loses  some  acid  and  solidifies  to  a greenish 
mass.  The  product  is  not  decomposed  by  ignition  in  a closed  vessel,  and  redissolves 
imperfectly  in  water  to  form  a milky  liquid  as  before  ; while  the  insoluble  part 
retains  hydrofluoric  acid  so  very  tenaciously  that  it  can  be  expelled  only  by  ignition 
with  lumps  of  ammonium  carbonate.  The  salts  obtained  by  J.  J.  Berzelius  were 
probably  fluodioxytungstates — vide  infra.  A.  Riche  said  that  hydrated  tungsten 
trioxide  dissolves  in  cone,  hydrofluoric  acid  at  50°  to  60°,  but  on  evaporating  the 
soln.  in  air,  crystals  of  hydrated  tungsten  trioxide  separate  out. 

A.  Rosenheim  and  T.  H.  Li2  obtained  complex  salts  of  tungsten  trifluoride,  WF3, 
namely,  ammonium  tungsten  tetrafluoride,  (NH4)WF4.H20 ; and  potassium 
tungsten  tetrafluoride,  KWF4.H20 — vide  infra,  tungsten  trichloride. 

0.  Ruff  and  co-workers  3 obtained  tungsten  hexafluoride,  WF6,  by  the  action  of 
anhydrous  hydrogen  fluoride  on  tungsten  hexachloride  in  a copper-lined  bomb  at 
ordinary  temp.  The  gas  is  passed  over  titanium  tetrafluoride  to  absorb  the  excess 
of  hydrogen  fluoride,  and  then  into  a platinum  vessel,  or  a paraffin-lined  vessel, 
cooled  to  — 70°,  at  which  temp,  the  product  is  solid.  Tungsten  hexafluoride  is 
also  formed  by  the  interaction  of  the  hexachloride  and  arsenic  trifluoride, 
but  even  repeated  fractionation  does  not  quite  free  the  product  from  arsenic 
trifluoride.  The  most  convenient  mode  of  preparation  is  gradually  to  add 
antimony  pentafluoride  to  tungsten  hexachloride,  cooled  by  a freezing  mixture, 
and  subsequently  to.  distil  the  product.  Glass  vessels  can  be  used.  The  yield 
is  60  to  80  per  cent.  Tungsten  hexafluoride  is  a colourless  gas  at  ordinary 
temp.  It  is  ten  times  as  heavy  as  air,  and  is  the  heaviest  of  all  known  gases.  At 
atm.  press.,  it  condenses  at  the  b.p.,  19-5°  to  a pale  yellow  liquid,  and  below  the 
m.p.  2-5°  it  forms  a white  solid.  The  vap.  press,  at  2-5°  is  375  mm. ; at  15°, 
619  mm.  ; at  19°,  751  mm.  ; and  at  19-5°,  760  mm.  It  vaporizes  without  melting 
at  —20°  under  380  mm.  press.,  and  at  0°  under  760  mm.  press.  The  vapour  density 
at  18-5°  is  303 — theory  298.  The  compound  fumes  strongly  in  air  forming  a 
bluish-white  cloud.  It  is  decomposed  by  water  with  the  separation  of  yellow, 
hydrated  tungsten  trioxide.  The  gas  is  freely  soluble  in  aq.  alkalies,  and  aq. 
ammonia  ; and  it  is  absorbed  by  alkali  fluorides  forming  complex  salts.  Ammonia 
gas  reacts  vigorously  forming  a brown  solid  ; while  liquid  ammonia  in  a closed  vessel 
forms  ammonium  fluoride  and  a clear  soln.  which  on  evaporation  leaves  a white  solid. 
Tungsten  hexafluoride,  particularly  if  it  contains  traces  of  hydrogen  fluoride,  rapidly 
attacks  copper,  zinc,  mercury,  tin,  lead,  antimony,  iron,  cobalt,  and  nickel,  the 
metal  so  acquires  a blue  or  grey  film.  Gold  and  platinum  are  not  attacked  by 
tungsten  hexafluoride. 

O.  Ruff  and  co-workers  prepared  tungsten  oxytetr&fluoride,  WOF4,  by  the 
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interaction  of  equal  amounts  of  the  oxytetrachloride  and  anhydrous  hydrogen 
fluoride  in  a platinum  vessel  at  20°,  and  then  allowing  the  temperature  to  rise 
gradually.  After  24  hrs.,  the  vessel  is  heated  to  280°,  while  the  upper  part  is  kept 
cool.  The  oxytetrafluoride  condenses  in  the  neck  as  a snow-white  mass.  It  has 
also  been  obtained  by  the  action  of  lead  or  bismuth  fluoride  on  tungsten  trioxide, 
while  moisture  is  carefully  excluded.  At  ordinary  temp.,  the  oxytetrafluoride  forms 
colourless,  hygroscopic  plates ; its  m.p.  is  110°,  and  its  b.p.  185°  to  190°.  It  is 
coloured  yellow  in  moist  air  owing  to  the  separation  of  hydrated  tungsten  trioxide  ; 
it  forms  a clear  soln.  with  water  while  generating  much  heat,  hydrogen  fluoride 
is  given  off,  and  the  soln.  soon  deposits  hydrated  tungsten  trioxide.  Hydrogen 
sulphide  attacks  it  superficially,  with  partial  reduction  to  a blue  substance.  It 
absorbs  ammonia  in  the  cold  forming  tungsten  hemiamminoxytetrafluoride, 
2WOF4.NH3.  This  substance  is  orange  coloured ; it  acquires  a white  crust  on 
exposure  to  air  ; it  melts  when  heated  giving  off  hydrogen  fluoride  and  ammonium 
fluoride,  and  leaving  a residue  of  blue  tungsten  trioxide  ; when  heated  in  ammonia, 
it  detonates  slightly  ; it  is  insoluble  in  liquid  ammonia  ; it  dissolves  in  water  and 
acquires  a blue  colour ; and  the  aq.  soln.  remains  clear  for  some  time,  but  slowly 
deposits  hydrated  tungsten  trioxide.  Tungsten  oxytetrafluoride  is  insoluble  in 
carbon  tetrachloride,  but  soluble  in  carbon  disulphide,  ohloroforra,  and  absolute 
alcohol ; it  is  sparingly  soluble  in  dry  benzene,  and  with  moist  benzene  the  tungsten 
is  partly  reduced ; it  is  slightly  soluble  in  ether  with  the  development  of  heat ; 
and  in  acetic  anhydride  with  partial  decomposition.  It  does  not  attack  in  the  cold 
copper,  silver,  zinc,  tin,  lead,  aluminium,  arsenic,  bismuth,  and  iron,  but  when 
heated,  or  when  moist,  the  metal  acquires  a blue  film. 

Attempts  by  0.  Ruff  and  co-workers  to  prepare  tungsten  dioxydifluoride, 
W02F2,  were  not  successful,  although  this  compound  mixed  with  the  oxytetra- 
fluoride results  when  tungsten  trioxide  and  lead  fluoride  are  heated  in  the  presence 
of  a trace  of  moisture  ; and  a little  is  formed  by  the  action  of  water  on  the  oxytetra- 
fluoride. According  to  J.  C.  G.  de  Marignac,4  when  the  normal  or  meta-tungstates 
are  dissolved  in  hydrofluoric  acid,  compounds  of  the  metal  fluorides  with  tungsten 
dioxydifluoride— fluodioxytungstates — are  formed.  The  salts  are  usually  soluble  in 
water,  and  they  crystallize  readily.  The  dry  salts  attack  glass.  Acids  do  not 
produce  a precipitate  in  aq.  soln.,  but  the  soln.  slowly  deposits  hydrated  tungsten 
trioxide.  Some  reactions  of  soln.  of  these  salts  were  described  by  R.  D.  Hall  and 

E.  F.  Smith — vide  Table  III,  9.  55,  4. 

J.  C.  G.  de  Marignac  prepared  ammonium  trifluodioxytungstate,  NH4F. 

W02F2.H20,  or,  according  to  A.  Werner,  NH4[W02F3(Ho0)],  by  the  action  of 
hydrofluoric  acid  on  ammonium  paratungstate  ; the  exact  conditions  are  not 
known  because  often  the  tetrafluodioxytungstate  and  tungsten  trioxide  are  produced. 
The  rhombic  bipyramids  have  the  axial  ratios  a : b : c=0-5224  : 1 : 0-7268.  Some 
combinations  are  pseudohexagonal ; and  twinning  like  aragonite  may  occur. 

F.  Mauro  discussed  the  isomorphism  of  the  salt.  The  salt  is  decomposed  by 
water,  but  can  be  crystallized  unchanged  from  water  containing  hydrofluoric 
acid.  J.  C.  G.  de  Marignac  also  prepared  rectangular  plates  of  ammonium 
tetrafluodioxytungstate,  2NH4F.W0oF2.H20,  which  A.  Werner  formulated 
(NH4)2[W02F4] ; and  J.  W.  Mallet 

OW/F.-F.NH, 

O/  \F:F.NH4 

The  salt  was  obtained  from  a soln.  of  ammonium  tungstate  in  hydrofluoric  acid. 
The  rhombic  bipyramids  have  the  axial  ratio  a : b : c=0-4128  : 1 : 1-0027.  F.  Mauro, 
and  E.  Scacchi  found  the  salt  to  be  isomorphous  with  2NH4F.Mo02F2,  and  2NH4F. 
M0OF3.  J.  J.  Berzelius  seems  to  have  prepared  this  salt  as  well  as  the  corresponding 
potassium  compound—- vide  supra.  J.  C.  G.  de  Marignac  found  that  ammonium 
tetrafluodioxytungstate  does  not  change  at  100°,  and  at  a higher  temp,  it  decomposes 
without  melting.  When  rapidly  heated,  vapours  of  tungsten  hexafluoride  are  given 
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off  leaving  a blue  oxide  of  tungsten  behind.  The  salt  is  very  soluble  in  water,  and 
the  addition  of  ammonia  to  a cone.  soln.  gives  a precipitate  which  is  soluble  in 
excess.  If  the  aq.  soln.  is  evaporated  in  air,  crystals  of  ammonium  paratungstate 
are  formed,  and  a crust  adheres  to  the  walls  of  the  vessel.  When  this  is  recrystal- 
lized from  a hot  ammoniacal  soln.,  regular  octahedra  of  ammonium  trifluotri- 
oxytungstate  are  formed — viz.  (NH4)2W04.4NH4F.W02F2,  or,  according  to 
A.  Werner,  (NH4)3[W03F3].  F.  Mauro  said  that  the  crystals  are  isomorphous  with 
the  corresponding  salt  of  molybdenum  ; and  H.  Baker  discussed  its  relationship 
with  other  complex  salts.  The  salt  does  not  change  at  100°,  but  at  a higher  temp., 
it  loses  ammonia,  ammonium  fluoride,  and  hydrogen  fluoride.  Water  dissolves  all 
but  a small  residuum ; aq.  ammonia  dissolves  the  salt  freely  and  when  the  soln.  is 
evaporated  ammonium  paratungstate  is  formed. 

J.  C.  G.  de  Marignac  obtained  crystals  of  sodium  tetrafluodioxytungstate, 
2NaF.W02F2,  or  Na2[W02F4],  from  soln.  of  the  normal  or  acid  tungstates  in  hydro- 
fluoric acid.  J.  J.  Berzelius  also  prepared  a similar  salt.  J.  C.  G.  de  Marignac 
said  that  the  crystals  are  probably  monoclinic  ; they  melt  at  a dull  red-heat. 
There  is  very  little  loss  if  the  salt  is  heated  in  a closed  vessel,  but  in  air,  the  molten 
mass  becomes  yellow  probably  by  the  separation  of  tungsten  trioxide,  and  there  is 
a loss  of  13-5  to  13-7'per  cent.  A soln.  of  potassium  paratungstate  in  an  excess  of 
hydrofluoric  acid  furnishes  rhombic  bipyramids  of  potassium  trifluodioxy- 
tungstate,  KF.W02F2.H20,  or  K[W02F3(H20)],  with  the  axial  ratios  a:b:c 
=0-5243  : 1 : 0-7349,  and  isomorphous  with  the  ammonium  salt.  The  salt  loses 
all  its  water  at  100°  ; and  when  heated  to  a higher  temp,  it  behaves  like  the  tetra- 
fluodioxytungstate. The  salt  acquires  a yellow  colour  when  heated ; it  is  soluble 
in  water  with  decomposition.  The  salt  can  be  recrystallized  in  the  presence  of  an 
excess  of  hydrofluoric  acid,  otherwise  potassium  tetrafluodioxytungstate, 
2KF.W02F2.H20,  or  K2[W02F4].H20,  is  formed — vide  supra  for  the  alternative 
formula.  This  salt  was  prepared  by  J.  J.  Berzelius,  J.  C.  G.  de  Marignac, 
G.  Marchetti,  and  A.  Piccini  from  a soln.  of  tungsten  trioxide  in  hydrofluoric  acid, 
and  adding  potassium  hydroxide,  or  from  a hydrofluoric  acid  soln.  of  potassium 
tungstate.  The  soln.  is  evaporated  to  dryness  on  a water-bath,  extracted  with  hot 
water,  and  the  filtrate  cooled.  The  colourless  plates  resemble  those  of  boric  acid,  or 
of  mica  ; J.  C.  G.  de  Marignac  observed  that  they  are  monoclinic  prisms  with  the 
axial  ratio  a : b : c=l-0019  : 1 : 1-0481,  and  /3=98°  47'.  E.  Scacchi  said  that  the 
(OlO)-cleavage  is  incomplete.  G.  Marchetti  said  that  the  salt  becomes  anhydrous 
at  100°  forming  tabular  crystals.  J.  J.  Berzelius  said  that  the  salt  melts  at  a red- 
heat  without  decomposition,  and  when  cooled  it  is  greenish-yellow.  J.  C.  G.  de 
Marignac  added  that  if  heated  to  redness  in  air,  it  gives  off  hydrogen  fluoride,  and 
forms  tungsten  trioxide ; and  ultimately  normal  potassium  tungstate  with  a loss 
of  about  16  per  cent.  J.  J.  Berzelius  found  that  the  salt  is  sparingly  soluble  in  cold 
water,  and  freely  soluble  in  hot  water ; and  J.  C.  G.  de  Marignac  observed  that 
100  parts  of  water  at  15°  dissolve  5-88  parts  of  the  salt.  J.  J.  Berzelius  said  that  the 
salt  can  be  crystallized  unchanged  from  its  soln.  in  water,  or  dil.  hydrochloric  acid. 

J.  C.  G.  de  Marignac  prepared  monoclinic  prismatic  crystals  of  copper  tetra- 
fluodioxytungstate, CuF2.WO2F2.4H2O,  isomorphous  with  CuF2.TiF4.4H20,  and 
with  the  axial  ratios  a : b : c=0-7648  : 1 : 0-5629,  and  /J=103°  14'.  The  salt  is  not 
altered  at  100°  ; at  a higher  temp,  it  loses  water  and  hydrogen  fluoride,  ultimately 
forming  normal  copper  tungstate.  The  salt  is  freely  soluble  in  water.  If  an 
aq.  soln.  of  this  salt  be  mixed  with  ammonium  fluoride,  it  furnishes  tetragonal 
crystals  of  ammonium  copper  pentafluodioxytungstate,  NH4F.CuF2.W02F2.4H20, 
with  the  axial  ratio  a : c=l  : 1-0945,  and  isomorphous  with  NH4F.CuF2.TiCl4.4H20. 
J.  C.  G.  de  Marignac  obtained  silver  tetrafluodioxytungstate  as  a deliquescent  mass 
which  easily  decomposes ; and  zinc  tetrafluodioxytungstate,  ZnF2.WO2F2.10H2O, 
or  Zn[WO2F4].10H2O,  in  triclinic  crystals  which  effloresce  in  dry  air,  and  melt  in 
their  water  of  crystallization  below  100°.  The  salt  is  easily  soluble  in  water.  The 
corresponding  cadmium  tetrafluodioxytungstate  is  easily  decomposed,  and  is  very 
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deliquescent.  F.  Ephraim  and  L.  Heymann  prepared  thallous  trifluodioxytung- 
state,  TIF.WOoFg,  and  thallous  tetrafluodioxytungstate,  2T1F.W02F2,  in  rhombic 
plates,  from  a cone,  hydrofluoric  acid  soln.  of  tungsten  trioxide  mixed  with  thallous 
fluoride  in  the  cold ; hot  soln.  furnish  thallous  heptafluotetroxyditungstate, 
3T1F.2W02F2,  in  long  prisms.  J.  C.  G.  de  Marignac  prepared  manganese  tetra- 
fluodioxytungstate which  is  easily  decomposed  and  very  deliquescent ; and  nickel 
tetrafluodioxytungstate,  NiF2.W02F2.10H20,  in  deliquescent  crystals.  A.  Miolati 
and  G.  Rossi  prepared  cobaltic  hexamminoheptafluotetroxyditungstate, 
[Co(NH3)6]F3.2W02F2,  as  a yellow  crystalline  powder,  by  adding  the  hexam- 
minotrifluoride  to  a soln . of  tungsten  trioxide  in  hydrofluoric  acid,  and  crystallizing 
from  the  soln.  in  dil.  acid.  The  crystals  are  stable  at  110°. 

A.  Piccini  5 prepared  potassium  tetrafluotrioxypertungstate,  2KF.W03F2.H20, 
by  cooling  a hot  soln.  of  potassium  tetrafluodioxytungstate  in  hydrogen  dioxide, 
washing  the  product  with  water,  and  recrystallizing  from  hydrofluoric  acid  mixed 
with  hydrogen  dioxide.  The  tabular  crystals  are  not  changed  in  air  ; they  give  off 
water  vapour  at  100°  ; at  150°,  oxygen  comes  off  ; and  after  a prolonged  heating 
in  air,  normal  potassium  tungstate  remains.  The  salt  is  sparingly  soluble  in  cold 
water,  and  freely  soluble  in  hot  water.  The  aq.  soln.  is  fairly  stable.  According 
to  A.  Mazzucchelli  and  C.  Barbero,  the  oxidation  potential  of  a soln.  of  a mol  of 
the  salt  in  15  litres  of  water  is  0787  to  0-751  volt. 
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§ 19.  The  Tungsten  Chlorides 

H.  E.  Roscoe 1 reported  tungstous  chloride,  or  tungsten  dichloride,  WC12,  to  be 
formed  by  heating  in  a bath  of  molten  zinc  tungsten  tetrachloride  in  a current  of 
carbon  dioxide  ; or  by  tungsten  hexachloridc  in  hydrogen.  H.  E.  Roscoe  described 
the  product  as  a grey,  amorphous  mass,  which  is  not  stable  in  air.  When  heated 
in  hydrogen  previously  passed  over  warm  nitric  acid,  it  forms  ammonium  nitrite. 
Water  dissolves  a little  of  the  dichloride  forming  a brown  soln.,  but  hydrogen  is 
slowly  evolved  and  a brown  oxide  and  hydrochloric  acid  are  produced.  W.  Hampc 
said  that  the  dichloride  is  infusible. 

J.  B.  Hill  found  that  it  is  difficult  to  control  the  reduction  of  the  hexachloridc 
by  sodium  amalgam,  or  potassium-sodium  alloy,  and  the  yield  of  dichloride  is  poor. 
According  to  K.  Lindner  and  co-workers,  tungsten  dichloride  cannot  be  prepared 
from  the  metal  and  carbonyl  chloride,  because,  over  a wide  range  of  temp.,  carbon 
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and  led  oxy tetrachloride,  as  well  as  tungsten  hexachloride  and  pentachloride  are 
formed.  The  hexachloride  is  readily  reduced  to  the  dichloride  when  it  is  heated  with 
powdered  quartz  and  aluminium,  magnesium,  zinc,  or  lead  in  a current  of  nitrogen. 
The  product  is  extracted  with  hydrochloric  acid,  and  the  reddish-yellow  extract  is 
concentrated  and  saturated  with  hydrogen  chloride,  thus  causing  the  separation  of 
chloroaquotungstous  acid,  H[W3C17(H20)].3H20,  in  slender,  yellow  needles  which 
are  much  less  stable  than  the  corresponding  compound  of  molybdenum.  The  mol. 
wt.  of  C6H5N.H[W3C17],  calculated  from  the  f.p.  of  soln.  in  nitrobenzene  is  889,  when 
the  theoretical  value  is  901.  K.  Lindner  made  some  observations  on  the  constitu- 
tion of  the  salt.  Chloroaquotungstous  acid  readily  loses  hydrogen  chloride  when 
exposed  to  air.  In  alcoholic  soln.,  or  on  gently  heating,  a mol.  of  hydrogen  chloride 
is  evolved,  and  there  remains  a yellow  insoluble  residue  of  monohydrate , W3C16.H20. 
The  compound  is  soluble  in  alkali-lye  with  the  evolution  of  hydrogen  and  the  forma- 
tion of  alkali  tungstate.  J.  B.  Hill  said  that  the  aq.  soln.  of  chloroaquotungstous 
acid  when  treated  with  potassium  hydroxide  forms  a clear  yellow  soln.,  which 
rapidly  darkens,  and  from  which  weak  acids  precipitate  a black,  gelatinous 
precipitate  of  hydrated  W203.  The  brown  alkaline  soln.,  on  keeping  for  twenty-four 
hours  in  the  air,  slowly  loses  its  colour,  and  when  treated  with  weak  acids  yields  a 
yellow,  gelatinous  precipitate  of  hydrated  W02.  According  to  K.  Lindner  and 
A.  Kohler,  hydrolysis  with  a little  water  furnishes  the  dihydrate , [W3C14(H20)2]C1L», 
whereas  with  an  excess  of  water,  tungstic  acid  is  formed.  Sulphuric  acid  converts  it 
into  W3C14(S04) ; and  hydrobromic  acid  into  H[W3Br4Cl3(H20)].9H20.  J.  B.  Hill 
said  that  chloroaquotungstous  acid  is  soluble  in  alcohol,  acetone,  acetic  acid,  and 
mixtures  of  alcohol  and  ether,  but  almost  insoluble  in  ether.  K.  Lindner  and 
A.  Kohler  prepared  a number  of  complex  salts  with  pyridine : C6H5N.H[W3C17(H20)], 
in  yellow  leaflets  C5H5N.H[W307].3H20  ; (C5H5N)3H3[W3C19],  in  yellow  octahedra ; 
C5H5N.H[W3C17(C5H5N)].2(C2H5)20  ;~and*C2H4(NH2)2.H2[W3Cl7]2.2H20.  W.  Biltz 
and  C.  Fendius  gave  5-436  for  the  sp.  gr.  of  the  anhydrous  chloride  at  25°/4°,  and 
46-9  for  the  mol.  vol.  F.  W.  Bergstrom  found  that  a slightly  soluble  ammoniobasic 
halide  is  formed  with  liquid  ammonia. 

R.  F.  Bernhardi-Grisson  2 found  that  in  the  electrolytic  reduction  of  hydro- 
fluoric acid,  or  aq.  alcoholic  soln.  of  tungstic  acid,  the  reddish-brown  liquid  behaves 
towards  potassium  permanganate,  or  an  ammoniacal  soln.  of  silver  nitrate  as  if  it 
contained  a tervalent  tungsten  salt.  0.  Olsson  also  was  able  to  reduce  soln.  of 
tungstic  acid  to  tervalent  tungsten,  by  means  of  tin,  and  from  the  soln.,  he  prepared 
complex  salts  of  tungsten  trichloride,  WC13.  0.  Collenberg  and  co-workers 

discussed  the  electrolytic  reduction  of  hydrochloric  acid  soln.  of  tungstic  acid  to 
the  tervalent  stage — vide  supra,  tungsten  trioxide  ; and  K.  Someya,  the  titration  of 
soln.  of  tungsten  trichloride  with  copper  sulphate  soln.  A soln.  of  tungstic  acid  in 
cone,  hydrochloric  acid  was  prepared  by  gradually  adding  a soln.  of  potassium 
metatungstate  to  boiling  hydrochloric  acid.  The  soln.  at  40°  to  60°  is  then 
reduced  with  tin  until  the  colour  is  a deep  green  : it  is  then  rapidly  filtered 
through  glass  wool,  and  the  filtrate  sat.  with  hydrogen  chloride,  cooling  mean- 
while with  a freezing  mixture.  A yellowish-green  to  yellowish-brown  powder 
gradually  separates  ; the  current  of  hydrogen  chloride  is  stopped  after  six  to 
seven  hours,  and  the  crystals  allowed  to  deposit  for  twenty-four  hours,  after  which 
time  they  are  collected,  washed  with  alcohol  and  ether,  dried  in  a current  of  carbon 
dioxide,  and  preserved  in  a carbon  dioxide  desiccator.  The  yield  of  potassium 
tungsten  enneachloride,  K3W2C19,  is  about  50-55  per  cent.  A.  Rosenheim  and 
E.  Dehn  also  prepared  this  salt.  If  ammonium  metatungstate  is  employed  in 
place  of  the  potassium  salt,  ammonium  tungsten  enneachloride,  (NH4)3W2C19>  is 
formed.  O.  Collenberg  and  K.  Sandved  found  that  100  c.c.  of  a soln.  at  20°  has 
15-4  grms.  of  the  potassium  salt.  O.  Collenberg  and  K.  Sandved  found  the  f.p. 
of  soln.  with  9-362,  3-521,  and  0-8681  grm.  K3W2C19  per  100  grms.  of  water  are 
lowered  respectively  0-639°,  0-267°,  and  0-078°,  corresponding  with  the  respective 
osmotic  factors  f=2-95,  3-28,  and  3-89.  The  eq.  conductivity,  A,  and  the 
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degree  of  ionization,  a,  for  soln.  with  an  eq.  of  the  salt  in  v litres  of  water  at 
1°,  are  : 
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P.  Ray  and  H.  Bhar  gave  — 0-265  XlO-6  mass  unit  for  the  magnetic  suscepti- 
bility. 0.  Olsson  added  that  by  treating  the  potassium  salt  with  a hydrochloric 
acid  soln.  of  rubidium  chloride,  rubidium  tungsten  enneachloride,  Rb3W2Cl9,  is 
formed ; and  similarly  with  csesium  tungsten  enneachloride,  Cs3W2Cl9,  and  thallous 
tungsten  enneachloride,  T13W2C19.  All  these  salts  are  anhydrous,  have  the  general 
formula  M3W2C19,  and  crystallize  in  thin,  hexagonal  plates,  which  have  a greenish- 
yellow  colour  in  transmitted  light.  The  cone.  aq.  soln.  are  green,  becoming 
greenish-yellow  on  dilution.  The  solubility  decreases  as  the  atomic  weight  of 
the  alkali  metal  increases.  They  can  be  preserved  for  several  days  when  dry,  but 
are  rapidly  oxidized  when  moist.  The  solutions  show  no  characteristic  absorption 
bands,  but  a general  absorption  at  either  end  of  the  spectrum,  the  visible  spectrum 
extending  from  A=700  to  A=520  for  a soln.  of  1 grm.  of  the  potassium  salt  in 
100  c.c.  of  3 per  cent,  hydrochloric  acid,  the  thickness  of  the  absorbing  layer  being 
1 cm.  For  a soln.  containing  0-1  grm.  of  the  salt  per  100  c.c.,  the  spectrum  extends 
from  A— 100  to  A=490.  O.  Collenberg  and  K.  Sandved  obtained  a soln.  of  the 
free  acid,  enneachloroditungstic  acid,  H3W2C19,  by  treating  the  thallous  salt  with 
hydriodic  acid,  but  the  acid  itself  could  not  be  isolated.  The  term  “ ous  ” and 
“ ic  ” lose  their  significance  in  the  case  of  the  multivalent  elements  like  vanadium, 
molybdenum,  etc. — vide  9. 54,  6.  Some  such  system  as  that  suggested  by  A.  Werner 
is  required — e.g.  bivalent  tungsten  compounds  are  tungsti-compounds  ; tervalent 
tungsten,  tungsto ; quadrivalent  tungsten,  tungste- ; quinquevalent  tungsten, 
tungstan-  ; and  sexivalent  tungsten,  tungston-. 

According  to  0.  Collenberg  and  K.  Sandved,  the  complex  character  of  the  potas- 
sium salt  can  be  demonstrated  by  ionic  migration  ; and  the  lowering  of  the  f.p.  of 
aq.  soln.  indicate  that  not  more  than  four  ions  are  formed  by  ionization : 
K3W2Cl9v:i3K'+ W2C19"'.  The  salts  are  strong  reducing  agents  since  soln.  of  copper, 
silver,  gold,  and  mercury  are  readily  reduced  ; and  strong  oxidizing  agents  oxidize 
tervalent  tungsten  to  tungstic  acid.  The  reaction  is  quantitative  with  ferric  salts. 
The  stability  of  the  complex  anion,  W2C19'",  is  shown  by  the  interaction  of  the 
potassium  salt  with  copper,  silver,  and  cadmium  salts  in  the  presence  of  cone, 
aq.  ammonia  to  form  ammines  without  the  precipitation  of  tungsten  hydroxide. 
These  compounds  are  usually  sparingly  soluble  in  water  ; the  cone.  aq.  soln.  are 
green,  and  they  become  yellow  on  dilution.  The  following  salts  are  prepared  by 
double  decomposition  as  just  indicated ; and  the  soln.  are  fairly  stable — more  so 
in  the  presence  of  hydrochloric  acid.  The  solubilities  are  expressed  in  grams  of 
salt  per  100  c.c.  of  soln.  at  20°.  Potassium  copper  tungsten  tetrammino- 
enneachloride,  KCu(NH3)4W2Cl9.H20,  is  a crystalline  powder  with  a 
solubility  of  1-85  grms. ; ammonium  copper  tungsten  tetramminoenneachloride, 
NH4Cu(NH3)4W2Cl9.H20,  is  a green  crystalline  powder  with  a solubility  of  2-17 
grms.  ; silver  tungsten  hexamminoenneachloride,  [Ag(NH3)2]3W2Cl9,  is  unstable 
towards  air  and  water,  losing  ammonia,  and  depositing  silver ; potassium  cadmium 
tungsten  tetramminoenneachloride,  KCd(NH3)4W2Cl9,  has  a solubility  of  1-9  grms. ; 
ammonium  cadmium  tungsten  tetramminoenneachloride,  NH4Cd(NH3)4W2Cl9, 
has  a solubility  of  2-17  grms. ; chromium  tungsten  hexamminoenneachloride, 
Cr(NH3)cW2Cl9.2H20,  forms  dark  green,  microscopic,  rectangular  prisms ; and 
cobalt  tungsten  hexamminoenneachloride,  Co(NH3)6W2C19.6H20,  is  a bright  green, 
microcrystalline  powder  of  solubility  096  grms.  In  addition,  salts  of  pyridine, 
hexamethylenetetramine,  tetramethylammonium,  tetraethylammonium,  tri- 
ethylamine,  dimethylamine,  aniline,  phenyltrimethylammonium,  p-tolyltrimethvl- 
ammonium,  and  trimethylsulphine  have  been  described. 
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A.  Riche 3 prepared  impure  tungsten  tetrachloride,  WC14,  in  voluminous, 
greyish-brown  crystals,  by  the  partial  reduction  of  the  hexachloride,  a reaction 
studied  by  F.  Wohler,  and  J.  B.  von  Borck.  A.  Michael  and  A.  Murphy  obtained 
the  tetrachloride  by  heating  tungsten  dioxide  for  many  hours  at  250°  in  a sealed 
tube  with  carbon  tetrachloride.  According  to  H.  E.  Roscoe,  the  tetrachloride 
is  formed  by  distilling  in  a current  of  hydrogen  or  carbon  dioxide  a mixture  of 
the  pentachloride  and  hexachloride  heated  by  a sulphuric  acid  bath ; the  non- 
volatile portion  is  mixed  with  the  volatile  portion,  and  the  distillation  repeated 
to  convert  any  dichloride  to  tetrachloride.  The  non-volatile  portion  obtained  in 
the  preparation  of  the  pentachloride  is  mainly  the  tetrachloride.  The  flocculent, 
hygroscopic,  greyish-brown,  crystalline  mass  neither  fuses  nor  volatilizes  when 
strongly  heated,  but  at  a high  temp,  it  decomposes  into  the  volatile  pentachloride, 
and  the  non-volatile  dichloride.  W.  Hampe  also  found  it  to  be  infusible.  W.  Biltz 
and  C.  Fendius  gave  4-624  for  the  sp.  gr.  of  the  anhydrous  chloride,  and  705  for 
the  mol.  vol.  H.  E.  Roscoe  added  that  hydrogen  at  the  temp,  of  a zinc-bath 
reduces  the  tetrachloride  to  metal.  The  salt  is  hydrolyzed  by  water  forming  a 
brown  oxide  and  a greenish-brown  hydrochloric  acid  soln.  which  deposits  the  brown 
oxide  on  standing  some  time.  0.  C.  M.  Davis  found  that  it  unites  with  nitrogen 
tetrasulphide  to  form  tungsten  nitrogen  tetrachlorotetrasulphide,  WC14.N4S4, 
in  brown  crystals  which  readily  decompose.  A.  W.  Cronander  reported  the  complex 
WC14.PC15  to  be  formed  when  tungsten  hexachloride  is  heated  with  phosphorus 
pentachloride.  There  appears  to  be  something  wrong  with  this  statement. 
According  to  0.  Olsson,  when  the  soln.  obtained  by  gradually  adding  potassium 
tungstate  to  boiling  hydrochloric  acid  is  reduced  with  tin  at  the  ordinary  temp., 
it  first  becomes  light  blue  in  colour,  the  colour  then  gradually  deepens,  and  finally 
suddenly  changes  to  an  intense  reddish-violet  colour,  similar  to  that  of 
permanganate.  This  colour  persists  for  a long  time,,  and  a small  quantity  of  a 
dark  green  powder  deposits,  consisting  of  quadratic,  tabular  crystals  of  potassium 
tungsten  hydroxypentachloride,  K2W(0H)C15.  They  are  red  in  transmitted  light. 
The  salt  is  stable  when  dry,  but  oxidizes  rapidly  when  moist.  The  absorption 
spectrum  of  the  hydrochloric  acid  soln.  is  similar  to  that  of  the  tervalent  com- 
pounds, the  visible  spectrum  for  a soln.  of  1 grm.  in  150  c.c.  of  4 per  cent,  hydro- 
chloric acid  and  a thickness  of  1 cm.  extending  from  A=730  to  A=610. 

C.  W.  Blomstrand  4 showed  that  tungsten  pentachloride,  WC15,  reported  by 
F.  J.  Malaguti,  was  probably  the  oxytetrachloride  ; and  the  pentachloride  of 
J.  B.  von  Borck,  and  V.  Forcher,  a mixture  of  the  hexachloride  and  oxytetrachloride. 
C.  W.  Blomstrand  prepared  the  pentachloride  by  heating  the  hexachloride  for  a 
long  time  in  hydrogen,  so  as  to  avoid  volatilization  ; the  substance  gradually 
becomes  less  fusible,  and  shows  no  inclination  to  crystallize  on  cooling.  If  the 
temperature  is  too  high,  some  tungsten,  or,  according  to  H.  E.  Roscoe,  tungsten 
dichloride  may  be  formed.  C.  W.  Blomstrand  said  that  an  alcohol-lamp  suffices 
for  the  heating.  The  product  is  finally  distilled  in  a current  of  carbon  dioxide ; 
the  residue  is  the  tetrachloride.  C.  W.  Blomstrand  added  that  only  traces  of 
pentachloride  are  formed  in  the  distillation  of  the  hexachloride  in  hydrogen,  but, 
according  to  H.  E.  Roscoe,  a reduction  always  occurs.  If  the  temp,  be  kept  but 
little  above  the  b.p.  of  the  hexachloride,  the  dark  red  colour  of  the  vapour  is  seen 
to  vanish,  and  a light  yellow-coloured  vapour  makes  its  appearance,  which  soon 
condenses  into  black  drops  or  long,  shining,  black  needles.  After  two  or  three 
distillations  in  hydrogen  a pure  product  is  obtained.  C.  W.  Blomstrand  found 
only  traces  are  formed  by  V.  Forcher’s  process  in  which  a mixture  of  tungsten 
trioxide  and  carbon  is  heated  first  in  carbon  dioxide  and  afterwards  at  a red-heat 
in  chlorine.  C.  H.  Ehrenfeld  obtained  the  pentachloride  along  with  the  hexa- 
chloride and  tungsten  oxytetrachloride  by  heating  a mixture  of  tungsten  trioxide 
and  phosphorus  pentachloride.  F.  de  Carli  heated  ferrotungsten  at  400°  to  500° 
in  chlorine  gas.  The  compound  was  prepared  and  analyzed  by  C.  W.  Blomstrand, 
H.  E.  Roscoe,  and  C.  G.  de  Laval.  R.  F.  Bernhardi-Grisson  observed  that 
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quinquevalent  tungsten  can  be  obtained  by  the  electrolytic  reduction  of  a soln. 
of  tungsten  trioxide  in  hydrochloric  acid  and  mixed  with  alcohol.  0.  Collenberg 
and  co-workers  studied  the  electrolytic  reduction  of  hydrochloric  acid  soln. 
of  tungsten  trioxide  to  the  quinquevalent  state — vide  supra,  tungstic  acid. 
Tungsten  pentachloride  crystallizes  in  long,  black,  shining  needles,  but  if  condensed 
in  fine  powder  its  colour  is  dark  green,  and  the  powdered  crystals  are  also  dark 
green  like  potassium  manganate.  W.  Biltz  and  C.  Fendius  found  3 •'875  for  the 
sp.  gr.  at  25°/4°,  and  93-3  for  the  mol.  vol.  C.  W.  Blomstrand  gave  244°  for  the 
m.p.,  and  H.  E.  Roscoe  said  that  it  melts  at  248°  and  freezes  to  a crystalline  mass 
at  242°  ; and  it  boils  at  275-6°.  It  is  less  readily  volatilized  than  the  hexachloride, 
and,  according  to  C.  W.  Blomstrand,  it  yields  a greenish -yellow  vapour. 
H.  E.  Roscoe  found  the  vapour  density  at  440°  is  12-83  to  12-89  ; and  at  350°, 
12-14  to  12-43,  in  agreement  with  the  formula  WC15.  W.  Hampe  said  that  the 
molten  pentachloride  is  a non-conductor  of  electricity ; A.  Voigt  and  W.  Biltz 
gave  for  the  sp.  conductivity  0-67  XlO-6  mho  at  250°  ; 1-35  XlO-6  mho  at  275°; 
and  1-84 XlO-6  mho  at  300°.  H.  E.  Roscoe,  and  C.  W.  Blomstrand  found  that  the 
salt  does  not  decrepitate  like  the  hexachloride  when  heated ; it  is  reduced  when 
heated  in  hydrogen.  In  oxygen,  the  pentachloride  rapidly  forms  brown  vapours 
of  the  oxytetrachloride ; it  deliquesces  in  moist  air,  and  is  so  hygroscopic  that  in 
air,  the  crystals  immediately  acquire  a dark  yellowish-green  film,  and  small  particles 
are  converted  into  drops.  When  treated  with  water,  there  is  a hissing,  noise, 
and  the  development  of  much  heat,  and  the  formation  of  a bluish-black  oxide, 
and  an  olive-green  soln.  which  slowly  deposits  a greenish  oxide  in  the  cold,  rapidly 
when  heated.  B.  Kalischer  observed  that  the  pentachloride  unites  with  sulphur 
monochloride,  brown  needles  are  produced.  According  to  H.  E.  Roscoe,  and 
C.  W.  Blomstrand,  boiling  nitric  acid  forms  tungsten  trioxide  ; aq.  ammonia  added 
to  the  boib'ng  aq.  soln.  gives  a precipitate.  A.  W.  Cronander  found  that  tungsten 
and  phosphorus  pentachlorides  react  to  form  tungsten  phosphoenneachloride, 
WCI4.PCI5 — vide  8.  50,  32.  Alkali-lye  acts  more  vigorously  than  water ; likewise 
hydrochloric  acid.  B.  Kalischer  said  that  carbon  disulphide  dissolves  very  little 
pentachloride,  but  it  acquires  a deep  blue  colour ; carbon  tetrachloride  forms 
a brown  soln.  Most  organic  compounds  act  vigorously  on  the  pentachloride — 
e.g.  methyl,  ethyl,  propyl,  and  amyl  alcohols  form  yellow  soln.  with  a hissing 
noise  ; the  heat  of  the  reaction  may  be  so  great  that  vapour  is  developed — e.g.  with 
cinnamic  aldehyde  ; and  in  some  cases  crystals  may  be  formed — e.g.  with  alcohol, 
ether,  benzaldehyde,  and  cinnamic  aldehyde.  Pyridine  and  quinoline  do  not 
form  crystalline  compounds.  F.  W.  Bergstrom  observed  the  pentachloride  forms 
a red  soln.  of  an  ammoniobasic  halide  when  it  is  treated  with  liquid  ammonia. 
R.  F.  Bernardi-Grisson  said  that  all  salts  of  quinquevalent  tungsten  react  according 
to  Wv+Ag’-»Wlv-f-Ag  when  treated  with  an  ammoniacal  soln.  of  a silver  salt. 
A.  Fischer  and  co-workers  obtained  a complex,  WCl2(OC2H5)3,  with  quinquevalent 
tungsten  by  the  electrolytic  reduction  of  an  alcoholic  soln.  of  tungsten  hexachloride. 

A.  Riche,5  F.  Wohler,  H.  Rose,  C.  W.  Blomstrand,  C.  G.  de  Laval,  and 
H.  E.  Roscoe  prepared  tungsten  hexachloride,  WC16,  by  the  action  of  chlorine 
on  heated  tungsten.  The  first  action  of  ordinary  dry  chlorine  is  to  form  a yellow 
and  then  a red  oxychloride,  and  afterwards  the  hexachloride.  The  red  oxychloride 
cannot  be  separated  by  distillation  from  the  hexachloride  owing  to  the  slight 
differences  in  their  b.p.  Metallic  tungsten  takes  fire  when  moderately  heated 
in  chlorine.  To  prepare  the  hexachloride,  the  metal  is  first  heated  in  a current  of 
dry  hydrogen  in  a tube,  so  as  to  remove  completely  every  trace  of  air  and  moisture. 
The  hydrogen  is  then  replaced  by  dry  chlorine  free  from  air.  The  metal  is  then 
heated  to  dull  redness— E.  F.  Smith  and  F.  F.  Exner  recommended  a temp,  of 
350°.  A granular  sublimate  of  dark  violet  crystals  of  the  hexachloride  is  formed. 
When  the  hexachloride  is  prepared  in  quantity,  the  hexachloride  collects  as  a 
reddish-black  liquid.  For  purification,  this  liquid  is  distilled  several  times  in 
an  excess  of  chlorine,  and  finally  rectified  in  a stream  of  hydrogen.  F.  de  Carli 
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passed  chlorine  over  ferrotungsten  at  400°  to  500°,  and  extracted  the  chloride 
with  carbon  disulphide.  After  filtration  and  evaporation  of  the  solvent,  the 
residual  chloride  is  purified  by  sublimation.  E.  F.  Smith  and  F.  Fleck  obtained 
the  hexachloride  by  heating  the  metal  in  the  vapour  of  sulphur  monochloride  and 
an  excess  of  chlorine — -without  the  chlorine,  the  hexachloride  is  not  formed  ; 
E.  Defacqz  heated  tungsten  disulphide  in  dry  chlorine  at  a dull  red-heat,  and  purified 
the  product  by  sublimation  ; and  A.  Michael  and  A.  Murphy  heated  a soln.  of 
chlorine  in  carbon  tetrachloride  and  tungsten  trioxide  in  a sealed  tube — the 
oxytetrachloride  is  produced  at  240°,  and  the  hexachloride  at  280° — carbon  tetra- 
chloride alone  converts  the  trioxide  into  the  hexachloride  at  280°.  According 
to  N.  Teclu,  when  a mixture  of  a mol  of  tungsten  trioxide  and  3 mols  of  phosphorus 
pentachloride  is  heated  in  a sealed  tube  up  to  170°  to  200°,  and  the  phosphoryl 
chloride  removed  by  distillation,  and  finally  by  heating  to  120°  in  a current  of 
carbon  dioxide,  tungsten  hexachloride  of  a high  degree  of  purity  is  formed. 
C.  H.  Ehrenfeld  observed  that  when  tungsten  trioxide  is  heated  with  an  eq.  weight 
of  phosphorus  pentachloride  in  an  atm.  of  carbon  dioxide,  phosphoryl  chloride 
is  evolved,  and  a mixture  of  tungsten  pentachloride  and  hexachloride  is  formed. 
The  product  is  red-brown,  melts  to  a dark  red  liquid,  and  gives  off  reddish-brown 
vapours  resembling  bromine  ; these  condense  to  steel-blue  isomeric  forms  of  the 
hexachloride  mixed  with  reddish-brown  needles  of  the  pentachloride.  The  intensity 
of  the  heat  applied,  and  the  duration  of  the  action  determine  the  quantity  of  the 
brown  material  produced.  The  hexachloride  of  course  is  converted  into  penta- 
chloride by  ignition  in  carbon  dioxide  or  hydrogen.  The  bright  red  product  is 
the  oxytetrachloride.  Nitrogen  can  be  used  instead  of  carbon  dioxide  but  the 
results  are  not  so  good.  According  to  H.  Schiff,  if  a soln.  of  phosphorus 
pentachloride  in  carbon  disulphide  be  heated  with  an  equimolar  proportion  of 
tungsten  trioxide  for  many  days  at  80°  to  90°  in  a sealed  tube,  and  the  solvent 
removed  by  heating  the  product  in  a current  of  carbon  dioxide,  a mixture  of  tungsten 
oxychlorides,  hexachloride,  and  lower  chlorides  is  formed.  H.  Schiff  also  observed 
that  when  equimolar  proportions  of  tungsten  oxytetrachloride  and  phosphorus 
pentachloride  are  heated  to  170°  in  a sealed  tube,  tungsten  hexachloride  is  formed. 

The  salt  was  analyzed  by  A.  .Riche,  C.  W.  Blomstrand,  N.  Teclu,  V.  Forcher, 
H.  E.  Roscoe,  C.  G.  de  Laval,  A.  Michael  and  A.  Murphy,  etc.  The  results  agree 
with  the  formula  WC16.  N.  V.  Sidgwick  discussed  the  co- valency  of  tungsten 
in  the  hexachloride.  H.  E.  Roscoe  said,  that  the  dark  violet  crystals  of  the  sublimate 
decrepitate  on  cooling  and  the  mass  falls  to  a crystalline  powder.  H.  E.  Roscoe 
found  that  on  several  occasions  sealed  tubes  exploded  when  opening  them  with  a 
file  owing  to  sudden  decrepitation.  V.  Forcher  described  the  crystals  as  dark 
violet  needles  or  scales  ; and  C.  W.  Blomstrand  said  that  the  colour  in  the  molten 
state  is  brownish-black,  with  no  tinge  of  red.  The  molten  salt  solidifies  to  a mass 
of  scaly  crystals.  The  soln.  in  carbon  disulphide  furnishes  hexagonal  plates. 
C.  H.  Ehrenfeld  said  that  the  crystals  are  steel-blue  and  cubic.  F.  Wohler  said 
that  the  vapour  is  the  colour  of  nitrogen  trioxide  ; C.  W.  Blomstrand  said  reddish- 
yellow  ; V.  Forcher,  dark  red ; and  H.  E.  Roscoe,  reddishLbrown.  E.  F.  Smith 
and  F.  F.  Exner  gave  3-518  for  the  sp.  gr. ; W.  Biltz  and  C.  Fendius  gave  3-520 
at  250/4°,  and  for  the  mol.  vol.,  112-7.  H.  E.  Roscoe  found  the  vapour  density  at 
440°  to  be  18-67,  and  at  350°,  13-16  in  agreement  with  the  formula  WC16.  and 
with  the  assumption  that  with  higher  temp,  the  molecules  dissociate,  rather  than 
to  assume  with  J.  Persoz  that  the  salt  has  the  formula  WC15.  H.  Debray,  and 
R.  Rieth  also  observed  the  anomalous  vapour  density  at  the  higher  temp. 
A.  Riche,  C.  W.  Blomstrand,  and  V.  Forcher  found  that  the  salt  softens  when  heated 
to  170°  to  183° — N.  Teclu  said  189°- — presumably  owing  to  impurities — say  oxy- 
chloride— because  H.  E.  Roscoe  found  that  the  salt  melts  to  a black  liquid  at  275°, 
and  freezes  at  270°  owing  to  surfusion.  H.  Debray  gave  300°  for  the  b.p.,  and 
H.  E.  Roscoe,  346-7°  at  759-5  mm.  H.  G.  Grimm,  and  G.  von  Hevesy  discussed 
the  m.p.  and  electrical  conductivity.  W.  Hampe  found  that  the  molten  hexa- 
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chloride  is  a non-conductor  of  electricity ; A.  Yoigt  and  W.  Biltz  gave  for  the  sp. 
conductivity  1-98  xlO-6  mho  at  280°;  2-85  xlO-0  mho  at  305°  ; and  6-94  XlO-6 
at  330° ; and  W.  Biltz  gave  00000020  for  the  temp,  coeff.  of  the  conductivity. 
0.  Collenberg  and  A.  Guthe  found  that  the  reduction  potential  of  sexivalent  to 
quinquevalent  tungsten  for  soln.  with  0-143  gram-atom  of  tungsten  per  litre  in 
2A-H2S04  at  18°  is  0-395  volt.  S.  Berkman  and  H.  Zocher  gave  — 0-14 XlO-6 
mass  unit  for  the  magnetic  susceptibility. 

The  reducing  action  of  hydrogen— vide  supra,  tungsten  tetrachloride  and 
pentachloride — was  observed  by  A.  Riche,  H.  E.  Roscoe,  W.  Spring,  and  F.  Wohler. 

V.  Forcher,  and  H.  Debray  said  that  the  .salt  changes  slowly  in  moist  air,  but 
H.  E.  Roscoe  added  that  the  purified  hexachloride  does  not  undergo  any  change 
even  in  moist  air,  but  if  the  smallest  trace  of  oxychloride  is  present,  it  at  once 
absorbs  moisture  evolving  fumes  of  hydrogen  chloride,  and  changing  its  colour 
from  violet  to  brown.  V.  Forcher  found  that,  when  the  hexachloride  is  heated 
in  air,  it  forms  tungsten  oxytetrachloride.  N.  Teclu,  and  C.  W.  Blomstrand  said 
that  the  hexachloride  is  very  slowly  attacked  by  cold  water,  but  H.  E.  Roscoe 
added  that  if  the  salt  is  impure,  it  is  at  once  decomposed  by  cold  water  forming  a 
greenish  hydrated  oxide.  Water  begins  to  attack  the  purified  hexachloride  at 
about  60°  ; boiling  water  decomposes  it  rapidly.  The  tungstic  acid  which  is 
formed  retains  chlorine  very  tenaciously.  According  to  C.  W.  Blomstrand, 
alkali-lye  acts  on  the  hexachloride  slowly  in  the  cold,  and  when  heated  the  action 
is  very  vigorous,  the  salt  swells  up  and  the  liquid  becomes  blue,  and  after  a short 
time,  colourless.  Brown  flecks  separate  out.  If  lower  chlorides  are  present, 
added  H.  Debray,  some  hydrogen  may  be  developed  by  the  action  of  the  alkali-lye. 

W.  Biltz  and  E.  Meinecke  said  that  the  hexachloride  is  very  sparingly  soluble 
in  liquid  chlorine.  C.  W.  Blomstrand  observed  that  hydrochloric  acid  produces 
no  change  at  first,  and  when  heated,  the  liquid  remains  colourless,  but  after  a short 
time  tungstic  acid  is  formed ; E.  Defacqz  found  that  hydrogen  bromide  at  about 
300°  forms  tungsten  pentabromide  ; when  heated  with  liquid  hydrogen  bromide 
in  a sealed  tube,  a chlorobromide  is  formed  whose  composition  depends  on  the  temp. ; 
hydrogen  iodide  forms  tungsten  diiodide ; liquid  hydrogen  iodide  heated  in  a 
sealed  tube,  forms  tungsten  tetraiodide ; hydrogen  sulphide  forms  tungsten 
disulphide  ; and  liquid  hydrogen  sulphide,  in  a sealed  tube,  forms  a chlorosulphide. 
S.  Rideal  found  that  ammonia  acts  rapidly  on  the  hexachloride  forming  tungsten 
hemitrinitride  ; and  0.  C.  M.  Davis  found  that  a soln.  of  the  hexachloride  soln. 
forms  WC14.N4S4,  as  indicated  above.  N.  Teclu  said  that  the  salt  is  soluble  in 
phosphoryl  chloride.  A.  W.  Cronander  studied  the  action  of  phosphorus  penta- 
chloride— vide  supra,  tungsten  tetrachloride.  E.  Defacqz  found  that  phosphine 
forms  tungsten  diphosphide ; and  arsine,  tungsten  diarsenide — liquid  arsine  in 
a sealed  tube  forms  a chloroarsenide.  A.  Fischer  and  A.  Roderburg  found  that 
at  18°,  a red  soln.  of  0-2364  grm.  of  the  hexachloride  in  20  c.c.  of  arsenic  trichloride 
with  a sp.  conductivity  of  6-2 XlO-6  mho  has  a conductivity  of  1-3  XlO-6  mho. 
J.  N.  Pring  and  W.  Fielding  observed  that  tungsten  hexachloride  is  reduced  by 
carbon  at  1000°-1500°.  H.  E.  Roscoe  found  that  the  hexachloride  dissolves 
in  carbon  disulphide  forming  a reddish-brown  soln. ; 0.  C.  M.  Davis  found  that  it 
is  soluble  in  chloroform.  A.  Riche  said  that  alcohol  acts  vigorously  without  forming 
a tungstic  ether  ; and  B.  Kalischer  found  that  the  hexachloride  dissolves  in  alcohol. 
The  soln.  is  yellow,  but  no  addition  product  is  formed.  A.  Fischer  and  A.  Roderburg 
found  that  the  yellow  soln.  of  0-1937  grm.  of  the  hexachloride  in  20  c.c.  of  methyl 
alcohol  of  sp.  conductivity  l-8xl0-6  mho  at  18°  has  a conductivity  of  5-23 XlO-3 
mho  ; and  the  yellow  soln.  of  0-4428  grm.  of  hexachloride  in  20  c.c.  of  99-8  per  cent, 
ethyl  alcohol  of  sp.  conductivity  2 x 10-6  mho  at  18°,  has  a conductivity  of  3-46  X 10-3 
mho  at  18°.  The  eq.  conductivity,  A,  of  an  eq.  of  the  salt  in  v litres  of  alcohol 
of  sp.  conductivity  1-56 XlO-6  mho  at  2°,  is  : 

v . 1-30  2-82  6-82  9-84  123  417  925 

A . 7-0  8-7  10-4  11-6  16-7  20-9  24-6  mho. 
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The  e.m.f.  of  the  cell  W | W Cl6(alcohol)  | LiCl(sat.  soln.  in  alcohol)  | Hg2Cl2  | Hg 
for  one-sixth  of  a mol  of  the  hexachloride  in  v litres  is  : 

v . 1-30  2-82  5-82  9-84  123  417  925 

E.m.f.  0-504  0-492  0-474  0-465  0-399  0-362  0-349  volt. 

The  electrolysis  of  an  alcoholic  soln.  of  the  hexachloride  colours  the  liquid  green 
as  the  tungsten  is  reduced  to  the  quinquevalent  form,  and  the  complex  WC12(0C2H5)3 
separates  out.  In  opposition  to  the  patent  of  the  Wolframlampen  A.G.,  no  evidence 
of  the  separation  of  tungsten  was  observed  with  soln.  in  methyl  alcohol,  ethyl 
alcohol,  acetone  or  pyridine,  although  with  glycerol  soln.  a little  tungsten  was 
deposited.  F.  W.  Bergstrom  observed  that  the  hexachloride  forms  a red  soln. 
with  liquid  ammonia.  A.  Rosenheim  observed  that  a compound  with  oxalic 
acid  is  formed  in  chloroform  soln.  B.  Kalischer  observed  the  formation  of  no 
addition  products  with  aldehydes,  ketones,  or  esters,  although  salicylic  ether 
forms  WCl4(OC6H4.COOC2H5)2  ; salicylic  acid  formed  a similar  compound.  No 
complex  salts  were  formed  with  organic  chlorides  in  alcoholic  soln.  The  soln. 
of  the  hexachloride  in  ether  is  yellow  ; in  benzene,  brown  ; and  in  chloroform, 
carbon  disulphide,  carbon  tetrachloride,  and  ligroin,  brown  or  reddish-brown. 
The  soln.  gradually  change  owing  to  the  reduction  of  the  hexachloride.  The  change 
is  rapid  if  water  be  present. 

A.  Fischer  and  A.  Roderburg  found  that  with  a soln.  of  the  bracketed  number  of  grams 
of  the  hexachloride  in  20  c.c.  of’solvent,  at  18°,  the  colour  is  red  with  chloroform  (0-203)  and 
the  sp.  conductivity  is  8-6  X 10“6  mho  when  that  of  the  pure  solvent  is  zero  ; is  violet  with 
carbon  disulphide  (0-2316)  and  the  sp.  conductivity  of  solvent  and  soln.  is  zero  ; red  with 
carbon  tetrachloride  (0-1899),  conductivity  of  solvent  and  soln.  zero  ; dark  blue  with  benzene 
(0-1622),  sp.  conductivity  of  solvent  and  soln.  zero  ; red  with  acetylene  tetrachloride 
(0-1262),  sp.  conductivity  of  solvent  zero,  of  soln.,  9 x 10~ 6 mho;  dark  blue  with  chloro- 
benzene (0-2201),  sp.  conductivity  of  solvent  and  soln.  zero  ; red  with  ethyl  ether  (0-2309), 
sp.  conductivity  of  solvent  zero,  of  soln.,  1-5x10“ 7 mho;  red  with  ligroin  (0-1434),  sp. 
conductivity  of  solvent  and  soln.  zero  ; red  with  pyridine  (0-1587),  sp.  conductivity  of  soln. 
1-4x10— 7 mho,  and  of  soln.  5-8  x 10~4  mho;  brownish-yellow  with  glycerol  (1-2557), 
sp.  conductivity  of  solvent  zero,  and- of  soln.  at  100°,  1-47  x 10“2  mho  ; and  yellow  with 
dried  acetone  (1-3443),  sp.  conductivity  of  solvent  2-4  x 10“6  mho,  and  of  soln.  2 x 10“3  mho. 
W.  Brydowna  found  that  tungsten  hexachloride  reacts  with  a soln.  of  phenyl-magnesium 
iodide  in  ether  producing  diphenyl. 

A.  Riche  observed  that  sodium  reduces  the  vapour  of  . the  hexachloride 
to  tungsten  ; and  K.  Seubert  and  A.  Schmidt  that  magnesium  at  a red-heat  reduces 
the  hexachloride  to  metal.  C.  W.  Blomstrand  found  that  the  hexachloride  is 
reduced  to  a lower  chloride  by  copper,  silver,  and  molybdenum,  but  not  by  tungsten. 
H.  Debray  observed  that  when  the  hexachloride  is  heated  with  tungsten  trioxide, 
the  oxytetrachloride  is  formed. 
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§ 20.  The  Tungsten  Oxychlorides 

0.  Olsson 1 prepared  potassium  tungsten  hydroxylpentachloride,  Iv2W(OH)Cl6, 

as  indicated  in  connection  with  tungsten  tetrachloride.  B.  Kalischer’s  attempts 
to  prepare  tungsten  oxytrichloride,  W0C13,  with  quinquevalent  tungsten  were 
not  successful,  but  0.  0.  Collenberg  obtained  complex  salts  of  this  oxychloride. 
A soln.  of  an  alkali  tungstate  in  a cone.  solu.  of  oxalic  acid  containing  a slight 
excess  of  alkali  oxalate  was  reduced  with  tin.  The  course  of^the  reduction  can 
be  followed  by  the  colour  change,  through  dark  blue,  green,  and  yellow  to  deep 
red.  After  removal  of  tin  and  excess  of  oxalic  acid,  the  complex  oxalate  is  pre- 
cipitated by  means  of  alcohol,  and  can  be  purified  by  dissolving  in  hot  water 
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and  salting  out  the  sodium  salt  with  sodium  bromide,  and  the  potassium  salt  with 
potassium  iodide.  The  compounds  must  be  dried  in  a current  of  carbon  dioxide, 
but  are  fairly  stable  in  air  when  dry.  The  sodium  salt  has  the  composition 
3Na20.2W205.4C203.12H20,  and  the  potassium  salt  3K20.2W205.4C203.9H20. 
They  are  red,  crystalline  powders  which  slowly  oxidize  in  air,  and  at  100°  lose 
their  water,  but  do  not  decompose.  They  are  very  soluble  in  water,  insoluble 
in  organic  solvents.  These  complex  oxalates  are  supposed  to  be  derived  from  a 
hypothetical  tungstous  acid,  W02.0H.  The  oxalotungstites  dissolve  in  con- 
centrated hydrochloric  acid,  forming  a deep  blue  soln.,  which  contains  an  oxychloride 
of  quinquevalent  tungsten,  probably  WOCl3.  From  this  soln.,  complex  chlorides 
can  be  isolated  containing  WOCl3  in  combination  with  chlorides  of  the  alkali 
metals  or  ammonium  or  hydrochlorides  of  organic  bases.  The  ammonium  and 
potassium  salts  are  precipitated  by  saturating  a hydrochloric  acid  soln.  of  the 
corresponding  oxalotungstite  with  hydrogen  chloride.  The  rubidium,  caesium, 
aniline,  tetraethyl-  and  tetrapropyl-ammonium  compounds  are  precipitated 
when  the  corresponding  chloride  is  added  to  a hydrochloric  acid  soln.  of  an  oxalo- 
tungstite, and  the  pyridine  and  quinoline  compounds  are  prepared  by  double 
decomposition  of  their  hydrochlorides  with  ammonium  chlorotungstite.  There 
are  two  main  types  of  salt,  those  derived  from  2RC1.W0C13,  or  R2W0C15,  and  those 
derived  from  RC1.W0C13,  or  RWOCl4.  The  co-ordination  formulae  are  respectively 
R2[W0C15],  and  R[W0C14(H20)].  The  RCI.WOCI3  compounds  can  be  regarded 
as  derivatives  of  metatungstous  acid,  W02.0H,  and  the  2RC1.W0C13  compounds 
as  derivatives  of  orthotungstous  acid,  W(OH)5,  in  which  one  oxygen  is  replaced 
by  two  chlorine  atoms,  and  three  hydroxyl  groups  by  three  chlorine  atoms,  thus  : 

a;>w— oh  oilSw<o'jf 

B.CI.WOCI3  2BC1.WOC1, 

A green  crystalline  powder  of  ammonium  oxypentachlorotungstite,  (NH4)2WOCl5, 
is  hydrolyzed  by  water ; .20  c.c.  of  hydrochloric  acid  dissolve  a gram  of  the  salt ; 
and  it  is  soluble  in  absolute  methyl  or  ethyl  alcohol.  Similarly  with  potassium 
oxypentachlorotungstite,  K2W0C15.2H20,  as  a reddish-brown  or  yellowish-brown 
powder ; rubidium  oxypentachlorotungstite,  Rb2WOCl5 ; and  with  caesium 
oxypentachlorotungstite,  Cs2WOCl5.  The  salt  with  aniline  was  also  prepared. 
Salts  of  the  type  RCI.WOCI3,  were  prepared  with  pyridine,  quinoline,  tetra- 
ethylammonium,  and  tetrapropylammonium.  These  salts  are  stable  in  dry  air 
at  the  ordinary  temp.,  but  decompose  with  oxidation  to  tungstates  at  60°  to  70°. 
They  are  immediately  hydrolyzed  by  water  with  the  formation  of  a brown  hydroxide. 
The  less  soluble  caesium  compound  is,  however,  far  more  stable  than  the  readily 
soluble  ammonium  and  potassium  compounds.  The  salts  dissolve  readily  in 
absolute  methyl  and  ethyl  alcohols,  with  the  exception  of  the  rubidium  and  caesium 
compounds,  but  not  in  other  organic  solvents.  Cone,  hydrochloric  acid  and  35 
per  cent,  sulphuric  acid  also  dissolve  them,  but  alkalies  and  aq.  ammonia  decompose 
them.  Oxidizing  agents  convert  them  into  tungstates,  and  permanganate  and 
iodine  have  been  employed  for  quantitative  determinations  of  the  quinquevalent 
tungsten.  The  chlorotungstites  react  vigorously  with  a cone.  soln.  of  potassium 
cyanide  with  evolution  of  hydrogen  cyanide.  A reddish-brown  soln.  is  formed 
containing  cyanides  of  the  type  M4W(CN)8.  A thiocyanic  acid  compound  has 
also  been  isolated  in  the  form  of  a pyridine  salt.  P.  Ray  and  co-workers  found 
the  magnetic  susceptibility  of  K2W(0H)C15  to  be  4-0xl0-6  mass  unit  at  31°. 

F.  Wohler  2 discovered  tungsten  oxytetrachloride,  WOCl4,  which  he  obtained 
by  heating  the  sulphide  in  chlorine.  J.  B.  Von  Borck,  F.  J.  Malaguti,  and  C.  G.  de 
Laval  used  a similar  process.  C.  W.  Blomstrand,  and  V.  Forcher  said  that  the 
“ sulphide  ” was  probably  the  oxysulphide,  or  air  and  moisture  were  not  excluded 
from  the  system.  A similar  remark  applies  to  the  formation  of  the  oxytetrachloride 
observed  by  J.  B.  von  Borck,  G.  W.  Blomstrand,  and  H.  E.  Roscoe  when  chlorine 
VOL.  xi.  3 1 
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containing  air  and  moisture  is  passed  over  heated  tungsten,  or,  according  to 
A.  Vosmaer,  ferrotungsten.  This  subject  was  also  studied  by  J.  Persoz,  R.  Weber, 
N.  Teclu,  H.  Schiff,  C.  Gerhardt  and  L.  Chiozza,  and  A.  Kremer.  H.  Debray, 
C.  W.  Blomstrand,  C.  G.  de  Laval,  and  H.  E.  Roscoe  considered  that  the  oxytetra- 
chloride  is  best  obtained  by  passing  the  vapour  of  tungsten  hexachloride  over 
heated  tungsten  trioxide  or  dioxydichloride.  0.  Ruff  and  co-workers  recommended 
the  following  process  : 

A hard  glass  tube  50  cms.  long  was  packed  with  tungsten  hexachloride  in  the  first  third 
of  its  length,  and  with  tungsten  dioxydichloride  in  the  middle  third,  while  the  last  third 
was  left  for  the  reception  of  the  oxytetrachloride.  The  middle  part  of  the  tube,  wrapped 
in  asbestos,  was  heated  to  about  230°,  while  a current  of  well-dried  carbon  dioxide  is  passed 
through  the  tube.  When  all  the  air  has  been  displaced,  the  part  containing  the  hexachloride 
is  heated  directly  by  the  flame  so  that  the  hexachloride  slowly  boils.  The  current  of  carbon 
dioxide  carries  the  vapour  over  the  dioxydichloride,  and  reddish  needles  of  the  oxytetra- 
chloride  sublime  into  the  cooler  part  of  the  tube.  The  product  is  resublimed  in  a current 
of  carbon  dioxide  to  remove  traces  of  hexachloride  and  dioxydichloride. 

A.  Bonnet,  and  A.  Ricbe  obtained  the  salt  by  heating  a mixture  of  tungsten 
trioxide  and  carbon  in  a current  of  dry  carbon  dioxide  until  all  the  air  and  moisture 
is  expelled,  and  then  in  a current  of  dry  chlorine.  It  is  purified  by  distillation  in  a 
current  of  carbon  dioxide.  R.  D.  Hall,  and  E.  F.  Smith  and  F.  Fleck  prepared  the 
oxytetrachloride  by  passing  sulphur  monochloride  vapour  over  tungsten  trioxide, 
or  wolframite,  or  scheelite  at  145°,  and  purifying  the  product  by  distillation  between 
215°  and  225°.  F.  Bourion,  and  C.  Matignon  and  F.  Bourion  passed  the  vapour  of 
sulphur  monochloride  alone  or  mixed  with  hydrogen  chloride  over  tungsten  trioxide 
at  230°  to  250°  and  cooled  the  product  in  a current  of  hydrogen  chloride.  When 
the  vapour  of  sulphur  monochloride  is  passed  over  wolframite  or  scheelite  heated  to 
about  150°,  prismatic  scarlet  crystals  are  obtained  when  the  red  soln.  cools.  Similar 
crystals  are  obtained  by  the  action  of  the  same  substance  on  tungsten  trioxide. 
The  third  oxygen  atom  of  tungsten  trioxide  is  not  removed  by  heating  with  sulphur 
monochloride.  The  product  is  immediately  decomposed  on  exposure  to  air,  it  gives 
off  hydrogen  chloride  and  leaves  tungsten  trioxide.  This  salt  is  readily  soluble  in 
carbon  disulphide  or  sulphur  monochloride,  but  sparingly  soluble  in  benzene. 
Sulphur  monochloride  does  not  attack  tungsten  itself.  C.  W.  Watts  and  C.  A.  Bell, 
and  H.  E.  Quantin  heated  tungsten  trioxide  in  the  vapour  of  carbon  tetrachloride 
and  obtained  a mixture  of  the  dioxydichloride  and  oxytetrachloride  ; P.  Cambou- 
lives  recommended  for  the  oxytetrachloride  a temp,  of  560°,  and  A.  Michael  and 
A.  Murphy  added  that  one  of  the  best  methods  of  preparing  the  oxytetrachloride  is 
to  heat  tungsten  trioxide  with  a soln.  of  chlorine  in  carbon  tetrachloride  in  a sealed 
tube  at  240°.  C.  W.  Watts  and  C.  A.  Bell  said  that  a mixture  of  chlorine  and  carbon 
monoxide,  or  dioxide,  can  be  substituted  for  carbon  tetrachloride  ; and  E.  F.  Smith 
and  V.  Oberholtzer,  and  K.  Lindner  recommended  passing  the  vapour  of  carbonyl 
chloride  over  red-hot  tungsten.  H.  Schiff  observed  that  the  oxytetrachloride  is 
formed  by  heating  a mol  of  tungsten  trioxide  with  one  or  two  mols  of  phosphorus 
pentachloride,  and  sublimation  of  the  product  in  a current  of  carbon  dioxide  to 
separate  the  more  volatile  oxytetrachloride  from  the  less  volatile  dioxydichloride. 

E.  H.  Ehrenfeld  obtained  a mixture  of  chlorides  and  oxychlorides  by  the  action  of 
phosphorus  pentachloride  on  tungsten  trioxide.  G.  Rauter  heated  the  trioxide  in 
the  presence  of  silicon  tetrachloride,  although  E.  H.  Ehrenfeld  said  that  silicon 
tetrachloride  does  not  act  on  tungsten  trioxide.  H.  Rose,  C.  W.  Blomstrand,  and 
Y.  Forcher  prepared  the  oxytetrachloride  by  heating  the  dioxydichloride  in 
hydrogen  ; C.  W.  Blomstrand  heated  tungsten  pentachloride  in  oxygen,  and 
C.  G.  de  Laval,  the  hexachloride  in  oxygen ; and  H.  Debray  distilled  tungsten  hexa- 
chloride  with  oxalic  acid — some  dioxydichloride  is  simultaneously  formed. 

Analyses  in  agreement  with  WOCI4  were  reported  by  A.  Rilhe,  H.  Schiff, 
C.  W.  Blomstrand,  C.  G.  de  Laval,  A.  Bonnet,  V.  Rorcher,  H.  JS.  Roscoe,  etc. 

F.  J.  Malaguti  represented  it  by  the  formula  W2C15,  and  J.  B.  von  Borck,  by  WC14. 
Various  observers  described  the  oxytetrachloride  as  forming  red,  or  scarlet-red, 
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prismatic  needles,  which,  according  to  H.  Debray,  have  a vapour  density  of  10-58, 
and,  according  to  H.  E.  Roscoe,  11-92,  which  is  approximately  normal.  The  vapour  is 
pale  red ; F.  Wohler  said  that  it  has  the  colour  of  nitrogen  trioxide.  The  oxytetra- 
chloride  was  found  by  A.  Riche  to  melt  at  199°,  and  solidify  at  197-5°  ; C.  W.  Blom- 
strand  gave  208°  to  210°  for  the  m.p.,  C.  W.  Blomstrand,  204°  ; and  H.  E.  Roscoe, 
210-4° — and  206-7°  for  the  f.p.  A.  Riche,  and  C.  W.  Blomstrand  found  that  it  can 
be  volatilized  without  melting,  and  H.  E.  Roscoe  gave  227-5°  for  the  b.p. 
W.  Hampe  observed  that  neither  the  molten  salt  nor  the  vapour  is  a conductor  of 
electricity.  L.  von  Uslar,  and  A.  Riche  observed  that  when  heated  in  hydrogen  it 
can  be  reduced  to  metal.  F.  Wohler,  J.  B.  von  Borck,  C.  G.  de  Laval,  V.  Forcher,  and 
H.  E.  Roscoe  observed  that,  when  exposed  to  air,  the  salt  is  very  quickly  hydrolyzed 
by  moisture  to  hydrogen  chloride  and  tungstic  acid.  C.  W.  Blomstrand  found  that  it 
can  be  sublimed  in  oxygen  without  change,  but  it  finally  loses  chlorine,  passing  into 
the  dioxydichloride  observed  by  A.  Vosmaer.  F.  Wohler,  and  A.  Riche  observed 
that  it  hisses  when  in  contact  with  water,  heat  is  evolved,  and  it  is  rapidly  hydrolyzed 
into  tungstic  acid  and  hydrochloric  acid.  J.  B.  von  Borck  added  that  some  hydrogen 
may  be  evolved,  but  this  statement  has  not  been  confirmed  ; alkali-lye  was  found  by 
V.  Forcher  to  form  tungstate,  and  presumably  chloride.  When  the  oxytetra- 
chloride  is  mixed  with  carbon,  and  heated  in  chlorine,  H.  E.  Roscoe  observed  that 
it  is  converted  into  tungsten  hexachloride.  S.  Rideal  found  that  ammonia  converts 
it  into  a mass  of  black, hemitrinitride  ; and  when  heated  with  phosphorus  penta- 
chloride  in  a sealed  tube  at  about  170°,  tungsten  hexachloride  and  phosphoryl 
chloride  are  formed.  E.  W.  Smith  and  F.  Fleck  said  that  the  oxy tetrachloride  is 
soluble  in  carbon  disulphide  and  sulphur  monochloride,  and  sparingly  soluble  in 
benzene ; and  B.  Kalischer  added  that  it  is  not  dissolved  by  the  usual  solvents. 

F.  Wohler  prepared  tungsten  dioxydichloride,  W02C12,  by  heating  tungsten 
dioxide  in  dry  chlorine.  The  reaction  occurs  with  incandescence,  and  a dense, 
yellow  vapour  is  formed,  which  forms  a crystalline  sublimate.  V.  Forchfer  used 
blue  tungsten  oxide,  and  C.  G.  de  Laval  warmed  the  dioxide.  V.  I.  Spitzin  and 
L.  Kaschtanoff  found  that  the  dioxydichloride  is  formed  when  hydrogen  chloride 
acts  on  tungsten  dioxide,  hemipentoxide,  and  trioxide,  or  on  the  tungstates. 
H.  Rose,  and  E.  F.  Smith  and.O.  L.  Shinn  employed  a similar  process.  F.  Wohler, 
and  F.  J.  Malaguti  thought  that  the  dioxydichloride  is  the  hexachloride,  but  H.  Rose 
showed  that  this  is  wrong.  It  was  analyzed  by  H.  Rose,  A.  Riche,  J.  B.  von  Borck, 
C.  G.  de  Laval,  H.  E.  Roscoe,  and  0.  Rufi  and  co-workers.  A.  Riche  obtained  the 
dioxydichloride  by  heating  tungsten  trioxide  in  dry  chlorine  ; V.  Forcher  similarly 
heated  a mixture  of  carbon  and  tungsten  trioxide  or  wolframite ; and  J.  B.  von 
Borck  heated  tungsten  in  a mixture  of  chlorine  and  air.  F.  Bourion  heated  tungsten 
trioxide  in  the  vapour  of  sulphur  monochloride  and  obtained  both  the  dioxydi- 
chloride and  the  oxytetrachloride.  C.  W.  Watts  and  C.  A.  Bell  passed  the  vapour 
of  carbon  tetrachloride  over  red-hot  tungsten  trioxide  ; H.  Debray  heated  tungsten 
hexachloride  with  oxalic  acid — vide  supra,  tungsten  oxytetrachloride  ; and  C.  G.  de 
Laval  sublimed  tungsten  hexachloride  or  pentachloride  over  the  heated  trioxide. 
H.  O.  Schulze  heated  in  the  absence  of  air  a mixture  of  calcium  chloride  and  tungsten 
trioxide,  and  obtained  tungsten  dioxydichloride  and  calcium  tungstate — the 
chlorides  of  magnesium,  iron,  cobalt,  and  nickel  can  be  used,  but  not  the  alkali,  lead, 
or  silver  chlorides. 

Tungsten  dioxydichloride  obtained  by  sublimation  was  described  by  F.  Wohler, 
A.  Riche,  C.  G.  de  Laval,  V.  Forcher,  and  H.  E.  Roscoe  as  a pale  yellow  or  dark 
golden-yellow  solid  with  four-sided  plates  resembling  natural  boric  acid ; and  the 
vapour  is  variously  described  as  pale  yellow,  or  dark  red.  H.  Debray,  and 
H.  E.  Roscoe  said  that  complete  volatilization  does  not  occur  at  450°,  and  no 
vapour  density  determination  was  made  at  this  temp.  H.  Rose  said  that  when 
suddenly  heated  it  is  partially  dissociated  into  tungsten  trioxide  and  oxytetra- 
chloride ; and  H.  Schiff  also  noted  that  at  a high  temp,  this  decomposition 
occurs.  F.  Wohler,  J.  B.  von  Borck,  C.  W-  Blomstrand,  and  H.  E.  Roscoe  said  that 
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it  usually  vaporizes  before  melting,  but  A.  Riche  gave  259°  for  the  m.p.  and  256° 
for  the  f.p.  ; and  V.  Forcher,  265°  to  267°  for  the  m.p.  L.  von  Uslar  observed  that 
it.  is  reduced  to  metal  when  it  is  heated  in  a current  of  hydrogen.  H.  E.  Roscoe  said 
that  it  is  not  decomposed  by  moist  air,  but  F.  Wohler,  and  V.  Forcher  observed  that 
moist  air  slowly  decomposes  it  into  hydrochloric  acid  and  hydrated  tungsten 
trioxide.  C.  G.  de  Laval  also  observed  that  it  fumes  strongly  in  air.  F.  Wohler, 
J.  J.  Berzelius,  and  A.  Riche  also  observed  that  the  salt  is  slowly  decomposed  by 
water  as  in  the  case  of  moist  air  ; while  H.  E.  Roscoe  said  that  it  is  not  decomposed 
by  cold  water ; and  after  many  evaporations  with  water,  the  residue  is  not  free 
from  chlorine.  V.  Forcher  observed  that  alkali-lye  dissolves  the  dioxydichloride 
slowly  in  the  cold,  and  rapidly  when  heated.  J.  J.  Berzelius  found  that  cone, 
hydrochloric  acid  extracts  some  tungsten  trioxide  from  the  salt.  At  ordinary 
temp.,  ammonia  gas  reacts  giving  off  fumes  of  ammonium  chloride  ; and  the  residue 
was  found  by  S.  Rideal  to  contain  only  a little  nitrogen,  and  to  be  mainly  tungsten 
dioxide,  while  E.  F.  Smith  and  0.  L.  Shinn  observed  that  W4N404H2  is  formed ; 
with  liquid  ammonia,  A.  Rosenheim  and  F.  Jacobsohn  observed  the  formation  of 
brown  tungsten  triamminoxide,  W03.3NH3  ; and  F.  Wohler  observed  that  with  aq. 
ammonia,  there  is  a hissing  noise  and  the  development  of  heat.  H.  Schifi  observed 
that  phosphorus  pentachloride  converts  it  into  the  oxytrichloride.  B.  Kalischer 
found  that  owing  to  the  insolubility  of  the  dioxydichloride  in  all  solvents  tried,  he 
was  unable  to  prepare  complex  salts.  Soln.  of  tungsten  trioxide  in  alcoholic  hydro- 
chloric acid,  when  treated  with  pyridinium  or  quinolinium  chlorides,  yield  acicular 
crystals  of  W02C12.3C5H5N.HC1,  and  W02C12.3C9H7N.HC1.  R.  F.  Bernhardi- 
Grisson  obtained  similar  products. 

S.  M.  Tanatar  and  E.  Kurowsky3  treated  a soln.  of  sodium  tungstate  with 
beryllium  chloride,  and  obtained  precipitates  of  beryllium  chlorotungstates  of 
variable  composition,  Be0.mBeCl2.wBeW04,  insoluble  in  water  and  organic 
solvents,  and  sparingly  soluble  in  acids.  P.  Didier  found  that  yellow,  channelled 
crystals  of  cerium  chlorotungstates,  are  formed  when  equal  parts  of  normal 
sodium  tungstate  and  anhydrous  cerium  chloride  are  heated,  with  or  without 
fusion  in  an  inert  atmosphere.  If  the  cerium  chloride  be  in  excess,  yellow  or  red 
hexagonal  plates  are  formed.  The  salt  may  also  be  prepared  by  passing  hydrogen 
chloride  over  a mixture  of  heated  cerium  and  tungsten  oxides. 
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§ 21.  Tungsten  Bromides  and  Oxybromides 

H.  E.  Roscoe 1 reported  tungsten  dibromide,  WBr2,  to  be  formed  by  passing 
hydrogen  over  tungsten  pentabromide  heated  in  a bath  of  molten  zinc.  If  the 
temp,  is  too  low,  say  350°,  the  product  is  not  homogeneous.  The  pentabromide 
and  oxvbromide  and  bromine  may  distil  over,  and  the  dibromide  remains  as  a 
bluish-black  powder.  It  behaves  towards  water  and  nitric  acid  vapour  like  the 
corresponding  dichloride.  F.  W.  Bergstrom  observed  that  a slightly  soluble 
ammoniobasic  bromide  is  formed  when  the  dibromidc  is  treated  with  liquid 
ammonia. 

J.  B.  von  Borck  first  prepared  impure  tungsten  pentabromide,  WBr5,  and 
A.  Riche  also  obtained  it  but  regarded  it  as  a hexabromide.  C.  W.  Blomstrand 
showed  that  it  is  really  the  salt  of  quinquevalent  tungsten.  Analyses  supporting 
this  view  were  made  by  J.  B.  von  Borck,  C.  W.  Blomstrand,  H.  E.  Roscoe,  and 
E.  Defacqz.  J.  B.  von  Borck,  A.  Riche,  and  H.  E.  Roscoe  obtained  it  by  passing 
the  vapour  of  bromine,  preferably  diluted  with  carbon  dioxide,  over  red-hot 
tungsten.  All  traces  of  moisture  and  air  must  be  rigorously  excluded.  The 
product  is  purified  from  any  traces  of  oxybromide  which  might  be  present  by 
repeated  sublimation.  The  temp,  of  formation  is  higher  than  is  needed  for  the 
pentachloride,  and  the  union  is  not  attended  by  incandescence.  E.  Defacqz 
obtained  it  by  passing  dry  hydrogen  bromide,  freed  from  air,  over  tungsten  hexa- 
bromide at  300° — the  reaction  begins  at  about  250°.  H.  E.  Roscoe  described  the 
crystals  as  dark  brown  needles  ; J.  B.  von  Borck  said  that  the  crystals  are  black 
with  a blue  or  violet  tint ; and  E.  Defacqz,  that  the  sublimate  consists  of  fan-like 
aggregates  of  dark  needles.  J.  B.  von  Borck  said  that  the  vapour  is  dark  purple 
red,  almost  black,  H.  E.  Roscoe,  dark  brown.  J.  B.  von  Borck  found  that  the 
pentabromide  sublimes  almost  at  its  m.p.  A.  Riche  said  that  it  melts  to  a black, 
oily  liquid  which  on  cooling  solidifies  to  a crystalline  mass.  H.  E.  Roscoe  gave  276° 
for  the  m.p.,  and  273°  for  the  f.p.  ; and  added  that  it  boils  at  333°  and  decomposes 
when  distilled  forming  bromine  and  a lower  bromide.  E.  Defacqz  said  that  it  can 
be  volatilized  without  decomposition  in  carbon  dioxide.  E.  Defacqz,  and 
H.  E.  Roscoe  found  that  the  pentabromide  is  reduced  to  the  dibromide  by  hydrogen 
at  350°,  and  at  higher  temp,  to  the  metal.  A.  Riche  said  that  when  heated  in 
oxygen,  it  forms  a sublimate  of  the  dioxydibromide,  and  E.  Defacqz,  that  it  is 
decomposed  by  oxygen  into  a mixture  of  oxybromide  and  tungsten  trioxide. 
J.  B.  von  Borck,  A.  Riche,  C.  W.  Blomstrand,  H.  E.  Roscoe,  and  E.  Defacqz  found 
that  it  is  very  hygroscopic,  and  fumes  in  air  ; it  is  decomposed  by  moist  air  forming 
hydrogen  bromide  and  blue  tungsten  oxide  ; it  is  also  hydrolyzed  by  water  with 
which  it  reacts  with  a hissing  noise  and  the  development  of  much  heat.  E.  Defacqz 
added  that  the  pentabromide  is  readily  attacked  by  alkali-lye  or  fused  alkalies, 
as  well  as  by  fused  alkali  nitrates,  carbonates,  or  hydrosulphates.  J.  B.  von  Borck 
said  that  some  hydrogen  is  developed  when  the  pentabromide  dissolves  in  alkali-lye. 
E.  Defacqz  added  that  when  the  pentabromide  is  heated  with  chlorine,  it  forms  the 
hexachloride.  Cone,  hydrofluoric  acid  dissolves  it,  and  it  forms  with  cone,  hydro- 
chloric acid  a blue  soln. — the  dil.  acid  acts  like  water.  Dry  hydrogen  bromide 
does  not  decompose  it  at  300°  ; and  dry  fuming  hydrobromic  acid  partially  dis- 
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solves  it.  Hydrogen  iodide  decomposes  the  pentabromide  at  400°,  forming  an 
iodide.  Sulphur  decomposes  it  forming  the  sulphide  ; hydrogen  sulphide  also 
converts  it  into  sulphide  ; cone,  sulphuric  acid  does  not  act  in  the  cold,  but  the  dil. 
acid  precipitates  the  blue  oxide.  The  pentabromide  is  oxidized  by  nitric  acid  into 
tungsten  trioxide ; phosphorus,  and  phosphine  convert  it  into  the  phosphide. 
A.  Riche  found  that  the  pentabromide  decomposes  organic  substances,  rapidly 
forming  hydrogen  bromide  and  blue  tungsten  oxide.  E.  Defacqz  added  that  the 
pentabromide  is  soluble  in  alcohol,  ether,  carbon  tetrachloride,  chloroform,  bromo- 
form,  benzene,  and  turpentine ; if  these  solvents  are  not  thoroughly  dried,  blue 
tungsten  oxide  may  be  formed.  F.  W.  Bergstrom  observed  that  a liquid  ammonia 
soln.  of  tungsten  pentabromide  in  contact  with  potassamide  for  several  days 
furnishes  tungsten  potassimidamide,  W(NK)2NH2. 

According  to  H.  A.  Schaffer  and  E.  F.  Smith,  tungsten  hexabromide,  WBr6, 
is  obtained  by  gently  warming  tungsten  in  dry  bromine  vapour  carried  along  by 
nitrogen  purified  by  passage  through  chromous  acetate,  sulphuric  acid,  and 
phosphorus  pentoxide.  Tungsten  hexabromide  forms  bluish-black,  crystalline 
masses,  melts  readily,  and  when  carefully  resublimed  forms  blue-black  needles. 
It  is  decomposed  when  heated  at  a high  temp.,  fumes  when  brought  into  contact 
with  the  air,  is  decomposed  by  water  with  the  formation  of  a blue  oxide,  and 
dissolves  in  aq.  ammonia  to  a colourless  soln. 

E.  Defacqz  found  that  when  liquid  hydrogen  bromide  is  allowed  to  act  on 
tungsten  hexachloride  at  ordinary  temp.,  it  yields  tungsten  trichlorotribromide, 
WCl3Br3,  and  at  60°  to  70°,  tungsten  trichloroenneabromide,  WBr3.W3Cl3Br6,  or 
W2Cl3Bre.  The  latter  compound  forms  small,  olive-green  crystals  which  melt  at 
232°  and  dissolve  in  many  organic  solvents.  It  is  very  unstable,  alters  rapidly 
when  exposed  to  air,  is  immediately  decomposed  by  water,  and  by  steam  at  200°, 
and  is  readily  attacked  by  hydrogen,  oxygen,  chlorine,  sulphur,  phosphorus,  halogen 
hydracids,  hydrogen  sulphide,  nitric  and  sulphuric  acids,  alkalies,  oxidiziug 
mixtures,  and  potassium  hydrosulphate. 

H.  P.  von  Beck  prepared  some  oxybromides — R'2(WOBr5) ; R'{W0Br4(H20)} ; 
and  R'(WOBr4) — analogous  to  the  oxychlorides  obtained  by  O.  0.  Collenberg.  By 
treating  5 grms.  of  potassium  oxalatotungstite  with  35  c.c.  of  hydrobromic  acid 
at  50°,  and  afterwards  adding  rubidium  sulphate  he  obtained  rubidium  penta- 
bromotungstite,  Rb2(WOBr6),  in  olive-green  octahedra  ; if  caesium  sulphate  be 
employed,  caesium  pentabromotungstite,  Cs2(WOBr5),  is  formed  in  greenish- 
yellow  octahedra.  By  adding  17  grms.  of  ammonium  oxalatotungstite  to  a 
soln.  of  180  c.c.  of  hydrobromic  acid  and  3-5  grms.  of  ammonium  bromide  at  55°, 
ammonium  pentabromotungstite,  (NH4)2(WOBr6),  was  formed  in  olive-green 
octahedra. 

By  treating  10  grms.  of  potassium  oxalatotungstite  with  80  c.c.  of  hydro- 
bromic acid  at  55°,  pyridinium  tetrabromotungstite,  (C5H5NH)(WOBr4),  was 
formed  in  brownish-green  quadratic  plates.  If  soln.  of  10  grms.  of  sodium 
oxalatotungstite  in  75  c.c.  of  hydrobromic  acid  and  of  8 grms.  of  tetraethyl- 
ammonium  bromide  in  40  c.c.  of  hydrobromic  acid  be  mixed,  tetraethyl- 
ammonium  tetrabromoaquotungstite,  (C2H5)4N{W0Br4(H20)},  is  formed  in 
pale  green,  microscopic  scales. 

According  to  A.  Bonnet,  when  bromine  vapour  is  passed  over  a mixture  of 
tungsten  trioxide  and  carbon,  tungsten  oxytetrabromide,  W0Br4,  is  formed. 
C.  W.  Blomstrand  obtained  it  by  heating  tungsten  in  bromine  vapour  mixed  with  a 
little  air,  and  by  rapidly  heating  the  dioxydibromide  which  then  forms  tungsten 
trioxide  and  oxytetrabromide.  H.  E.  Roscoe  obtained  it  by  the  action  of  bromine 
vapour  on  a heated  mixture  of  tungsten  and  tungsten  dioxide.  The  oxytetra- 
bromide is  usually  accompanied  by  less  volatile  dioxydibromide  from  which  it  can 
be  separated  by  sublimation.  Analyses  were  made  by  A.  Bonnet,  J.  B.  von  Borck, 
C.  W.  Blomstrand,  and  H.  E.  Roscoe.  J.  B.  von  Borck  thought  that  the  product 
was  tungsten  tetrabromide,  but  C.  W.  Blomstrand  showed  that  it  is  the  oxytetra- 
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bromide.  The  brownish-black  needles  form  a heavy,  yellowish-red  vapour  ; the 
salt  can  be  resublimed  in  a current  of  carbon  dioxide.  It  melts  at  277°,  and  boils 
at  327°.  It  is  very  hygroscopic  ; and  is  decomposed  by  moist  air,  and  water  into 
hydrobromic  acid  and  pseudomorphous  tungsten  trioxide. 

J.  B.  von  Borck,  C.  W.  Blomstrand,  and  H.  E.  Roscoe  prepared  tungsten 
dioxydibromide,  W02Br2,  by  the  action  of  bromine  vapour — not  free  from  air — on 
heated  tungsten  dioxide,  blue  tungsten  oxide,  tungsten  trisulphide,  or  a mixture  of 
tungsten  trioxide  and  carbon  ; H.  E.  Roscoe,  by  passing  the  vapour  of  tungsten 
pentabromide  over  the  trioxide  ; and  H.  0.  Schulze,  by  heating  tungsten  trioxide 
with  bromides — vide  supra,  the  dioxydichloride.  A.  Bonnet  by  working  as  in  the 
case  of  the  preceding  compound  at  a lower  temp.,  thought  that  W205.2WBr2  is 
formed,  but  C.  W.  Blomstrand  could  not  verify  this.  The  analyses  of  J.  B.  von  Borck, 
and  H.  E.  Roscoe  agree  with  the  formula  W02Br2.  The  pale  yellow  vapour,  said 
H.  E.  Roscoe,  condenses  to  black  prismatic  crystals,  which  on  cooling,  appear  pale 
red,  and  furnish  a yellow  bromide.  J.  B.  von  Borck,  and  C.  W.  Blomstrand  said 
that  the  quadratic  plates  are  a brassy  yellow  resembling  muscovite  gold. 
H.  E.  Roscoe,  and  J.  B.  von  Borck  said  that  the  salt  volatilizes  at  a red-heat  without 
melting,  and  with  a partial  decomposition  into  tungsten  oxytetrachloride  and 
trioxide.  H.  E.  Roscoe  found  that  the  salt  is  not  decomposed  by  cold  water  ; and 
J.  B.  -von  Borck,  that  it  is  hydrolyzed  in  moist  air  and  by  water  to  form  hydro- 
bromic  acid,  and  hydrated  tungsten  trioxide. 
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§ 22.  Tungsten  Iodides  and  Oxyiodides 

No  tungsten  hexaiodide,  WI6,  has  been  prepared,  nor  have  tungsten  oxyiodides 
been  obtained.  According  to  A.  Riche,1  the  vapour  of  iodine  attacks  tungsten 
superficially,  and  the  sublimed  product  is  difficult  to  purify  ; it  appears  to  contain 
a brown  iodide,  and  green  scales  of  another  iodide.  J.  B.  von  Borck  observed  that 
tungsten  trioxide  dissolves  in  hydriodic  acid,  and  when  the  soln.  is  evaporated,  in 
vacuo,  it  is  decomposed.  No  tungsten  iodide  is  formed  when  the  vapour  of  tungsten 
chloride  is  passed  over  molten  potassium  iodide  or  silver  iodide,  or  when  it  is  brought 
in  contact  with  the  vapour  of  mercuric  iodide,  ammonium  iodide,  or  hydrogen 
iodide.  H.  E.  Roscoe  reported  that  tungsten  diiodide,  WI2,  is  formed  when 
iodine  vapour  is  passed  over  red-hot  tungsten  or  tungsten  dioxide.  The  diiodide 
collects  quite  near  to  the  heated  portion  of  the  tube  in  small  scales  which 
cannot  be  volatilized  without  decomposition.  E.  Defacqz  obtained  it  by  pass- 
ing chlorine  over  tungsten  at  a dark-red  heat ; driving  out  the  chlorine  by 
dried  carbon  dioxide ; and  allowing  dried  hydrogen  iodide  to  act  on  the  sublimed 
tungsten  hexachloride  at  400°.  At  first  some  iodine  is  set  free,  and  the  product  is 
accordingly  washed  with  carbon  disulphide,  dried  in  air,  washed  with  alcohol,  and 
dried  in  air,  first  at  95°  and  then  at  100°.  According  to  E.  Defacqz,  tungsten 
diiodide  is  an  amorphous,  brown  powder  of  sp.  gr.  6-9  at  18°,  and  insoluble  in 
water,  alcohol,  or  carbon  disulphide.  It  is  infusible  and  non-volatile  ; when 
heated  in  air,  it  is  oxidized,  and  when  heated  above  500°  in  hydrogen  it  is  reduced. 
Chlorine  decomposes  it  at  about  250°,  and  bromine  at  about  350°.  Hydrogen 
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iodide  reduces  it  at  500°  to  600°,  and  it  is  also  attacked  by  carbon  dioxide  at  this 
temp.  Sulphur  and  phosphorus  at  500°  convert  the  iodide  into  sulphide  and 
phosphide  respectively,  and  boiling  water  gradually  converts  it  into  the  blue  oxide. 
Hydrochloric  and  hydrofluoric  acids  attack  the  iodide  very  slowly,  but  boiling 
nitric  or  sulphuric  acid,  or  aqua  regia,  converts  it  into  tungstic  anhydride.  Potash- 
lye  or  fused  potassium  hydroxide,  alkali  carbonates,  or  mixtures  of  alkali  carbonates 
and  nitrates  readily  oxidize  the  iodide. 

According  to  E.  Defacqz,  tungsten  tetraiodide,  WI4,  is  obtained  by  the  action 
of  an  excess  of  liquid  hydrogen  iodide  on  tungsten  hexachloride  at  110°.  It  is  a 
black,  crystalline  substance  of  sp.  gr.  5-2  at  18°  ; insoluble  in  water,  ether,  chloro- 
form, and  turpentine,  but  soluble  in  absolute  alcohol ; it  does  not  melt,  and  does 
not  sublime  without  decomposing.  Hydrogen  reduces  it  below  a red-heat ; chlorine 
displaces  the  iodine  at  the  ordinary  temp.  ; and  bromine  displaces  it  at  100°. 
Water  decomposes  it  slowly  in  the  cold,  and  rapidly  on  boiling,  and  it  is  readily 
attacked  by  dil.  hydrochloric  and  sulphuric  acids,  and  by  nitric  acid  and  aqua 
regia,  which  convert  it  into  tungstic  acid.  Alkali  hydroxides  and  carbonates, 
whether  in  soln.  or  fused,  and  fused  potassium  hydrosulphate  also  readily  decom- 
pose the  tetraiodide. 
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§ 23.  The  Tungsten  Sulphides 

J.  B.  von  Borck  1 obtained  tungsten  disulphide,  WS2,  by  melting  a mixture 
of  the  constituent  elements  ; J.  J.  Berzelius  passed  sulphur  vapour  or  hydrogen 
sulphide  over  red-hot  tungsten  trioxide.  The  action  is  incomplete,  and  A.  Riche 
recommended  mixing  the  tungsten  trioxide  with  carbon,  or  passing  the  vapour 
of  carbon  disulphide  over  the  red-hot  trioxide.  J.  J.  Berzelius,  and  J.  B.  von 
Borck  heated  a mixture  of  tungsten  trioxide  and  an  excess  of  mercuric  sulphide 
in  a fireclay  crucible  contained  in  a larger  crucible  packed  with  carbon.  When 
ammonium  sulphotungstate  is  heated  in  a current  of  carbon  dioxide,  E.  Corleis 
found  that  porous  pseudomorphs  of  tungsten  disulphide  are  formed.  F.  J.  Faktor 
obtained  the  disulphide  by  the  action  of  tungsten  trioxide  on  sodium  thiosulphate. 
L.  von  Uslar  heated  a mixture  of  tungsten  trisulphide  and  potassium  cyanide 
and  extracted  the  soluble  matter  with  water ; A.  Riche  melted  a mixture  of 
potassium  tungstate  and  tungsten  trioxide,  and  added  sulphur — after  half  an 
hour’s  fusion,  the  cold  mass  was  extracted  with  water.  E.  Defacqz  melted  at  a 
dull  red-heat  an  intimate  mixture  of  dry  potassium  carbonate,  sulphur,  and 
tungsten  trioxide  (138  : 558  : 464),  and  when  completely  fused,  the  cold  mass  was 
powdered  and  extracted  with  water.  When  hydrogen  sulphide  free  from  air 
acts  on  tungsten  hexachloride  heated  to  375°  and  the  temp,  is  raised  to  550°, 
and  the  product  cooled  in  hydrogen  sulphide,  E.  . Defacqz  found  that  tungsten 
disulphide  is  formed. 

Analyses  were  made  by  E.  Defacqz,  J.  J.  Berzelius,  L.  von  Uslar,  E.  Corleis, 
and  A.  Riche,  and  the  results  were  in  agreement  with  the  formula  WS2.  R.  C.  Wells 
and  B.  S.  Butler  found  the  disulphide  occurring  as  a mineral  which  they  called 
tungstenite  in  the  Emma  mine,  of  the  Cottonwood  district,  Salt  Lake  Co.,  Utah. 
It  occurs  in  feathery  flakes  resembling  graphite.  It  is  lead-grey  in  colour  ; opaque 
with  a metallic  lustre  ; and  is  soft  enough  to  mark  paper.  J.  J.  Berzelius  described 
the  disulphide  as  a greyish-black,  soft  powder  ; and  E.  Defacqz,  as  a black,  scaly 
mass,  or  as  friable  crystals  with  a blue  reflex.  A.  E.  van  Arkel  found  that  the 
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X-radiogram  of  tungsten  disulphide  corresponded  with  a space-lattice  resembling 
that  of  molybdenite  (q.v.),  with  two  mols  per  unit  cell.  The  unit  cell  has  a base 
3-18  A.,  and  a height  12-5  A.  The  S-atoms  form  layers  of  trigonal  pyramids  which 
are  3-63  A.  in  length  along  the  pyramid  edges  and  3-18  A.  along  the  basal  edges. 
The  structure  was  discussed  by  J.  W.  Gruner.  According  to  E.  Defacqz,  the  sp. 
gr.  is  7-5  at  10°.  M.  Picon  found  that  the  sulphide  is  dissociated  at  1200°  to  1300°, 
and  not  volatilized  at  2000°.  E.  C.  Wells  and  B.  S.  Butler  gave  7-4  for  the 
sp.  gr.  of  tungstenite.  A.  Karl  studied  the  triboluminescence  of  tungsten  sulphide. 
W.  W.  Coblentz  found  that  tungsten  sulphide  is  not  photoelectrically  sensitive. 
J.  J.  Berzelius  said  that  when  roasted  in  air  it  forms  tungsten  trioxide,  and  in  the 
absence  of  air,  E.  Defacqz  said  that  it  can  be  heated  to  redness  without  change, 
while  in  the  electric  furnace  it  gradually  loses  its  sulphur  without  melting.  A.  Riche 
observed  that  when  heated  in  hydrogen  it  is  reduced  to  metal,  and  E.  Corleis  said 
that  the  reduction  is  complete  in  about  7 hrs.  at  the  temp,  of  a blowpipe  flame ; 
and  E.  Defacqz  added  that  the  reaction  begins  at  about  800°.  N.  Parravano 
and  G.  Malquori  found  the  equilibrium  constant  K=Pm,h/Pb1  for  the  reaction 
2H2-f  WS2^W-j-2H2S  over  the  range  of  temp.  795°  to  1065°  ; and  the  calculated 
heat  of  formation  of  WS2  is  73-4  Cals.  They  also  gave  for  the  dissociation  press., 
log  ps8=— 10453  at  600°  ; -6-938  at  795°  ; -5-611  at  895°  ; -4-603  at  985°  ; 
and  —4-642  at  1065°.  Fluorine  attacks  it  at  ordinary  temp. ; chlorine,  at  400° 
with  the  formation  of  the  hexachloride ; whilst  the  reaction  with  bromine  is  incom- 
plete at  700°.  Hydrogen  chloride  has  no  action  on  the  disulphide.  Mineral  acids 
employed  singly  are  without  action,  but  it  is  attacked  by  mixtures  of  nitric  acid 
with  hydrofluoric  or  hydrochloric  acid.  J.  J.  Berzelius  found  that  the  disulphide 
is  oxidized  by  aqua  regia  to  sulphuric  acid  and  tungsten  trioxide  ; R.  C.  Wells  and 
B.  S.  Butler  found  that  tungstenite  is  not  attacked  by  hydrochloric  or  nitric  acid 
but  is  decomposed  by  aqua  regia.  E.  Defacqz  found  that  molten  alkali  hydroxides 
or  carbonates  readily  dissolve  the  disulphide,  and  so  does  a fused  mixture  of 
potassium  nitrate  and  carbonate.  L.  Weiss  reduced  it  to  the  metal  by  heating 
it  with  lime  in  an  electric  furnace. 

L.  von  Uslar  obtained  tungsten  trisulphide,  WS3,  by  melting  wolframite  with 
powdered  carbon,  sulphur,  and  sodium  carbonate  (1  : 0-2  : 3)  at  a dull  red-heat, 
extracting  the  product  with  water,  and  precipitating  the  compound  by  the  addition 
of  sulphuric  acid.  J.  J.  Berzelius  dissolved  tungsten  trioxide  in  a soln.  of  potassium 
hydrosulphide,  and  precipitated  the  compound  by  means  of  an  acid ; he  also  saturated 
a soln.  of  ammonium  tungstate  with  hydrogen  sulphide,  added  an  acid  to  the  soln., 
and  washed  the  precipitate  with  cold  water.  J.  B.  von  Borck  said  that  all  these 
products  contain,  tungsten  trioxide  and  much  water.  The  trisulphide  can  be 
obtained  of  a high  degree  of  purity  by  protecting  it  from  atm.  air  while  being  pre- 
pared. E.  Corleis  also  obtained  the  trisulphide  as  a chocolate  brown  powder 
by  adding  hydrochloric  acid  to  a soln.  of  ammonium  sulphotungstate  in  an  apparatus 
from  which  atm.  air  is  excluded.  The  product  was  washed  with  aq.  hydrogen 
sulphide  in  an  atmosphere  of  carbon  dioxide  and  dried  at  100°  in  a similar 
atmosphere. 

Tungsten  trisulphide  is  a black  or  dark  brown  powder,  which  when  heated  in 
a closed  vessel  Was  found  by  J.  J.  Berzelius  to  form  the  disulphide  ; and  when 
boiled  with  water  in  a retort  it  gives  off  some  hydrogen  sulphide.  Water  dissolves 
a little  trisulphide’  particularly  warm  water,  and  it  is  precipitated  from  the  yellow 
soln.  by  acids,  or  ammonium  chloride.  E.  Corleis  emphasized  its  acid  character 
by  showing  that  it  dissolves  in  a cold  cone.  soln.  of  an  alkali  carbonate  with  the 
evolution  of  carbon  dioxide  ; it  also  forms  dark  brown  soln.  with  alkali  hydroxides 
or  hydrosulphides  from  which  no  crystals  can  be  obtained.  J.  J.  Berzelius  added 
that  the  soln.  in  alkali  hydroxide  or  carbonate  contains  alkali  tungstate,  and 
sulphotungstate — and  probably  colloidal  tungsten  trisulphide  ; when  dissolved 
in  soln.  of  the  alkali  sulphides,  hydrogen  sulphide  is  Evolved ; and  with  the  basic 
metal  sulphides  it  forms  sulphotungstates,  R2WS4,  from  which  soln.  an  excess 
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of  acid  precipitates  tungsten  trisulphide  with  the  evolution  of  hydrogen  sulphide. 
Aq.  ammonia  dissolves  the  dried  sulphide  very  slowly,  and  the  freshly  precipitated, 
moist  sulphide,  quickly. 

As  just  indicated,  J.  J.  Berzelius  observed  that  when  the  freshly -precipitated 
trisulphide  is  washed  with  water,  it  appears  to  dissolve,  forming  a yellow  soln. 
of  what  is  now  called  colloidal  tungsten  trisulphide.  According  to  C.  Winssinger, 
a dark  brown  colloidal  soln.  of  the  trisulphide  is  obtained  by  adding  to  a dil.  soln. 
of  sodium  sulphotungstate  rather  more  hydrochloric  acid  than  is  needed  to  liberate 
tungsten  trisulphide.  Its  colour  is  orange,  and  the  soln.  can  be  obtained  quite 
clear.  The  absorption  spectrum  of  the  reddish-brown  soln.  shows  a dark  band 
from  the  extreme  violet  to  the  green.  The  extreme  red  is  feeble,  and  the  visible 
part  of  the  spectrum  is  also  feeble.  The  soln.  becomes  turbid,  or  a precipitate 
is  formed  by  boiling,  by  adding  cone,  hydrochloric  acid,  ammonium  chloride, 
or  other  salts  ; or  by  dialysis.  If  precipitated,  the  sulphide  can  be  washed  by 
decantation,  and  as  the  impurities  are  removed  the  sulphide  is  again  peptized 
so  as  to  re-form  a colloidal  soln.  Freshly  precipitated  trisulphide  is  easily  oxidized 
so  that  air  must  be  excluded  during  these  operations. 

The  normal  sulphotungstates,  R2WS4,  are  prepared  by  dissolving  tungsten 
trisulphide  in  the  metal  hydrosulphide  ; by  the  prolonged  action  of  hydrogen 
sulphide  on  normal  tungstates  ; and  by  double  decomposition.  The  alkali  sulpho- 
tungstates g,re  soluble  and  crystalline  ; some  of  the  alkaline  earth  and  metal 
sulphotungstates  form  gummy  or  gelatinous  masses.  According  to  C.  Scheibler, 
if  an  aq.  soln.  of  metatungstic  acid  be  saturated  with  hydrogen  sulphide,  and 
neutralized  with  ammonia,  or  ammonium  sulphide,  blue  sulphur  separates  out, 
and  after  a time  bluish-black,  cubic  crystals  are  formed.  They  oxidize  in  air,  and 
decolorize.  They  are  very  unstable.  A.  Werner  discussed  the  formula,  (NH4)2[WS4] 

S S 

S W + S(NH4)2 =S  WS(NH4)2 

S S 

J.  J.  Berzelius  obtained  ammonium  sulphotungstate,  (NH4)2WS4,  in  yellowish-red 
crystals  by  saturating  a cone.  soln.  of  ammonium  tungstate  with  hydrogen  sulphide  ; 
on  evaporating  the  mother-liquor,  yellow  plates  of  a double  salt  of  tungstate  and 
sulphotungstate  are  formed.  E.  Corleis  obtained  this  salt  by  the  action  of  hydrogen 
sulphide  for  5 or  6 hrs.  on  a soln.  of  10  grms.  of  hydrated  tungsten  trioxide  in  100  c.c. 
of  aq.  ammonia  of  sp.  gr.  0-94,  and  20  c.c.  of  water,  and  allowing  the  liquid  to  stand 
in  a closed  vessel  for  crystallization.  In  about  8 days,  the  orange-yellow  crystals 
can  be  washed  successively  with  a soln.  of  hydrogen  sulphide,  alcohol,  and  ether, 
and  finally  dried  in  vacuo  over  phosphorus  pentoxide.  The  mother-liquid  con- 
taining dioxydisulphotungstate  can  be  again  saturated  with  hydrogen  sulphide, 
and  treated  as  before.  The  precipitation  is  accelerated  if  one-third  to  half  a vol. 
of  alcohol  is  added.  H.  Vater  said  that  the  pale  orange-yellow,  rhombic  bipyramidal 
crystals  have  the  axial  ratios  a :•  b : c=0-7783  : 1 : 0-5675  ; the  (OlO)-cleavage  is 
complete,  the  (OOl)-cleavage  clear.  The  crystals  are  isomorphous  with  those  of 
the  corresponding  molybdenum  salt.  J.  J.  Berzelius,  and  E.  Corleis  found  that 
the  crystals  decrepitate  when  heated,  and  then  give  off  water  and  ammonium 
sulphide,  leaving  tungsten  disulphide  as  a residue,  pseudomorphous  after  ammonium 
sulphide.  The  salt  is  fairly  stable  when  dry,  but  when  moist  it  is  unstable.  It 
is  slowly  reduced  to  metal  when  heated  in  hydrogen.  It  is  freely  soluble  in  water, 
and  in  aq.  ammonia  ; and  it  is  precipitated  from  these  soln.  by  the  addition  of 
alcohol.  The  aq.  soln.  slowly  decomposes  in  air.  L.  Storch  discussed  the  solubility 
of  the  metal  sulphides  in  a soln.  of  ammonium  sulphotungstate. 

J.  J.  Berzelius  said  that  sodium  sulphotungstate,  Na2WS4,  crystallizes  with 
difficulty  from  an  aq.  soln.  of  its  components,  but  if  the  aq.  alcoholic  soln.  be 
spontaneously  evaporated  the  salt  is  obtained  in  crystals.  E.  Corleis  prepared 
it  by  adding  sodium  hydrosulphide  to  a cone.  soln.  of  the  ammonium  salt.  The 
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crystals  contain  some  isomorphous  ammonium  salt ; they  deliquesce  rapidly  in 
air,  and  resemble  the  crystals  of  the  potassium  salt.  J.  J.  Berzelius  prepared 
potassium  sulphotungstate,  K2WS4,  by  saturating  an  aq.  soln.  of  potassium 
tungstate  with  hydrogen  sulphide  and  evaporating  the  soln.  in  vacuo  over  potassium 
carbonate,  or  in  air  ; and  by  evaporating  a soln.  of  tungsten  trioxide  or  trisulphide 
in  potassium  hydrosulphide,  or  of  tungsten  trisulphide  in  potassium  hydroxide. 
E.  Corleis  found  that  the  salt  is  precipitated  on  adding  potassium  hydrosulphide 
and  alcohol  to  a soln.  of  ammonium  sulphotungstate.  By  recrystallization  of  the 
salt  from  a soln.  of  potassium  hydrosulphide,  it  can  be  completely  freed  from  the 
isomorphous  ammonium  sulphotungstate.  E.  Kalkowsky  said  that  the  yellow, 
rhombic  bipyramids  have  the  axial  ratios  a : b : c=0-7495  : 1 : 0-5665  ; and  that 
the  (OlO)-cleavage  is  incomplete.  J.  J.  Berzelius  found  that  the  crystals,  in  the 
absence  of  air,  melt  to  a dark  brown  liquid  which  solidifies  on  cooling  to  a brownish- 
yellow  mass.  The  salt  is  freely  soluble  in  water,  and  on  adding  alcohol  to  the 
brownish-yellow  aq.  soln.,  cinnabar-red  prisms  are  deposited,  but  the  precipitation 
is  not  complete,  for  the  salt  is  slightly  soluble  in  alcohol.  If  an  acid  be  added  to 
the  aq.  soln.,  ‘potassium  sulphoditung  state,  K2S.2WS3,  is  formed,  and  deposited 
as  a black  mass  when  the  dark  brown  soln.  is  evaporated.  J.  J.  Berzelius  described 
a complex  salt,  formed  by  fusing  a mixture  of  sulphur  and  potassium  tungstate, 
which  was  considered  to  be  K2W04.K2WS4,  presumably  an  isomorphous  admixture. 

J.  J.  Berzelius  described  copper  sulphotungstate  as  a dark  brown  precipitate  ; 
silver  sulphotungstate  as  a dark  brown,  almost  black,  precipitate ; and  gold 
sulphotungstate,  Au4(WS4)3,  as  a dark  brown  mixture  of  aurous  and  auric  salts 
on  adding  a soln.  of  the  metal  salt  to  a soln.  of  potassium  sulphotungstate.  He 
also  obtained  calcium  sulphotungstate  by  treating  freshly  prepared  calcium 
tungstate,  suspended  in  water,  with  hydrogen  sulphide,  and  evaporating  the  yellow 
soln.,  or  by  dissolving  tungsten  trisulphide  in  a hot  soln.  of  calcium  disulphide, 
or  hydrosulphide.  The  pale  yellow,  amorphous  mass  is  easily  soluble  in  water, 
and  in  alcohol.  With  an  excess  of  tungsten  trisulphide  it  forms  a reddish-brown, 
non-crystallizaole  soln.  which  with  ammonia  gives  a pale  yellow  precipitate.  The 
corresponding  strontium  sulphotungstate  and  barium  sulphotungstate  were 
similarly  obtained.  No  precipitate  of  beryllium  sulphotungstate  is  obtained  when 
a soln.  of  a beryllium  salt  is  treated  with  potassium  sulphotungstate  ; magnesium 
sulphotungstate  is  prepared  like  the  barium  salt,  and  the  aq.  soln.,  in  vacuo, 
dries  to  a gummy  mass  soluble  in  water  and  alcohol.  F.  Bodolico  obtained  a 
complex  salt,  MgWS4.2X.10H20,  with  hexamethylenetetramine.  J.  J.  Berzelius 
prepared  zinc  sulphotungstate  which  forms  a pale  yellow,  pulverulent  precipitate ; 
and  with  cadmium  sulphotungstate  which  forms  a lemon-yellow  powder ; mer- 
curous salts  give  a black  precipitate  of  more  or  less  decomposed  mercurous 
sulphotungstate  ; and  mercuric  salts,  yellow  mercuric  sulphotungstate  which, 
after  drying,  is  dark  red. 

When  an  aluminium  salt  soln.  is  treated  with  potassium  sulphotungstate, 

no  aluminium  sulphotungstate  is  precipitated ; similarly  with  yttrium  sulpho- 
tungstate ; but  a soln.  of  a cerous  salt  in  24  hrs.  gives  a yellow  precipitate  of  cerous 
sulphotungstate.  Stannous  salt  soln.  gives  a brown,  flocculent  precipitate  of 
stannous  sulphotungstate,  SnWS4 ; a soln.  of  a stannic  salt,  greyish-yellow  stannic 
sulphotungstate,  a lead  salt,  dark  brown  lead  sulphotungstate,  PbWS4 ; whilst  a 
dark  brown  bismuth  sulphotungstate,  Bi2(WS4)3 ; brown  vanadyl  sulphotungstate  ; 
yellow  manganese  sulphotungstate,  MnWS4 ; deep  yellow  ferrous  sulphotungstate, 
FeWS4 ; dark  brown  ferric  sulphotungstate,  Fe2(WS4)3 ; dark  brown  cobalt 
sulphotungstate,  CoWS4 ; similarly  with  nickel  sulphotungstate,  NiWS4 ; dark 
brown  platinum  sulphotungstate,  Pt(WS4)2,  are  obtained  from  soln.  of  the  metal 
salts  concerned. 

According  to  E.  Defacqz,  if  liquid  hydrogen  sulphide  be  left  in  contact  with 
tungsten  hexachloride  in  a sealed  tube  for  36  hrs.,  at  60°  to  65°,  a brown  powder 
of  tungsten  kexachloroenneasulphide,  WC16.3WS3,  is  formed.  It  is  insoluble 
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in  carbon  disulphide,  alcohol,  and  benzene,  and  is  decomposed  by  water.  It 
burns  in  air  at  a red-heat ; and  is  easily  attacked  by  nitric  acid,  and  by  fused 
alkali  hydroxide.  E.  F.  Smith  and  V.  Oberholtzer  found  that  if  tungsten  is  heated 
to  redness  in  the  vapour  of  sulphur  monochloride,  a red  crystalline  sublimate  of 
tungsten  octochloroheptasulphide,  W2S7C18,  is  formed.  The  unstable  product 
is  considered  to  be  a complex  of  W2S3CI4  with  2S2C12.  For  the  complex  WC14.N4S4, 
vide  supra,  tungsten  tetrachloride. 
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§ 24.  The  Tungsten  Oxysulphides  and  Sulphates 


A series  of  oxysulphotungstates  has  been  reported  by  J.  J.  Berzelius,1  and 
E.  Corleis,  but  they  have  not  been  closely  investigated.  They  include  the  oxytri- 
sulphotungstates,  R2WOS3,  the  dioxysulphotungstates,  R2W02S2,  and  the 
tnoxysulphotungstates,  R2W03S.  They  are  obtained  by  the  action  of  hydrogen 
sulphide  on  the  normal  tungstates,  and  by  fusion  of  the  normal  tungstate  with 
definite  proportions  of  sulphur  while  protected  from  air.  When  a soln.  of  normal 
sulphotungstate  is  mixed  with  alcohol  and  ether,  and  treated  with  hydrochloric 
acid,  two  layers  of  liquid  are  formed.  The  ethereal  layer  is  brown,  the  aq. 
layer  is  colourless  and  clear  ; an  oxysulphide  under  similar  conditions  gives  a 
coloured  ethereal  layer,  and  a turbid  or  milky  aq.  layer.  The  normal  sulpho- 
tungstates  do  not  give  a precipitate  with  zinc  sulphate,  while  the  oxysulpho- 
tungstates’  give  a precipitate.  The  oxytrisulphotung stales  give  a lemon-yellow 
precipitate  which  forms  a reddish-brown  soln.  with  hydrochloric  acid  ; the  pre- 
cipitate with  the  dioxydisulphotung states  is  pale  yellow,  and  with  hydrochloric 
acid,  the  liquid  becomes  clear  and  then  deposits  a dirty  blue  precipitate ; and 
the  tnoxysulphotungstates  give  a white  precipitate,  soluble  in  hydrochloric  acid. 
This  soln.  after  a time  deposits  a white  precipitate  with  a bluish  tinge. 
J.  W.  Retgers  said  that  the  intermediate  stages  between  potassium  tungstate 
and  sulphotungstate  cannot  be  regarded  as  isomorphous  with  the  end-members 
of  the  series,  but  they  are  selbstandige  cheniische  V erbindungen. 

According  to  E.  Corleis,  potassium  oxytrisulphotungstate,  K2W0S3.H20,  is 
obtained  in  quadratic  plates  by  the  prolonged  action  of  hydrogen  sulphide  on 
potassium  tungstate.  It  dissolves  freely  in  water,  deliquesces  in  a damp 
atmosphere,  and  effloresces  in  a dry  atm.  The  soln.  gives  a lemon-coloured 
precipitate  with  zinc  sulphate.  The  precipitate  with  zinc  sulphate  may  be  zinc 
oxytrisulphotungstate.  F.  Rodolico  prepared  magnesium  oxytrisulphotungstate 
as  a complex  salt  with  hexamethylenetetramine,  MgWOS3.X.10H2O. 

If  an  acid  be  added  to  a soln.  of  alkali  tungstate  and  sulphotungstate, 
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J.  J.  Berzelius  said  that  a pale  reddish-brown  precipitate  of  tungsten  dioxysulphide, 
W02S,  is  formed ; and  C.  Winssinger  added  that  after  tungsten  trisulphide  has 
been  precipitated  from  its  colloidal  soln.,  the  remaining  lemon-yellow  liquid  contains 
the  dioxydisulphide.  The  individuality  of  the  compound  is  not  well-established. 

According  to  E.  Corleis,  ammonium  dioxydisulphotungstate,  (NH4)2W02S2, 
is  produced  when  hydrogen  sulphide  is  passed  into  a filtered  soln.  of  10  grms.  of 
hydrated  tungstic  trioxide  in  40  c.c.  of  aq.  ammonia  of  sp.  gr.  0-90,  and  10  c.c.  of 
water,  until  yellow  crystals  begin  to  appear,  and  after  crystallization  has  ceased, 
washing  the  crystals  successively  with  a little  water,  alcohol,  and  ether,  and  drying 
them  over  calcium  chloride  or  potassium  hydroxide.  E.  Kalkowsky  said  that  the 
yellow',  triclinic  pinacoids  have  the  axial  ratios  a : b : c=0-760  : 1 : 0-339,  and 
a=90°,  j8=92°  10',  andy=90°.  The  (011)-  and  (021)-cleavages  are  clear;  there 
is  lamellar  twinning.  E.  Corleis  found  that  the  crystals  are  not  hygroscopic ; 
they  are  stable  when  dry,  but  decompose  when  moist.  J.  J.  Berzelius  obtained 
potassium  dioxydisulphotungstate,  K2W02S2.H20,  by  melting  a mixture  of  the 
normal  potassium  tungstate  and  sulphur  in  a covered  crucible,  extracting  with 
water,  and  evaporating  the  aq.  soln.  Lemon-yellow,  rectangular  plates  are 
formed.  The  salt  can  be  melted,  out  of  contact  with  air,  without  decomposition. 
It  is  freely  soluble  in  water.  The  lemon-yellow  aq.  soln.  is  coloured  red  or  reddish- 
yellow  by  acids,  and  it  gives  no  precipitate  with  alcohol,  or  with  manganous  salts. 

E.  Rodolico  obtained  a complex  salt  of  magnesium  dioxydisulphotungstate  with 
hexamethylenetetramine,  MgWS202.2X.10H20.  J.  J.  Berzelius  found  that  the 
potassium  salt  forms  with  a soln.  of  a lead  salt,  a yellowish-brown  precipitate 
of  lead  dioxydisulphotungstate,  PbW02S2. 

E.  Corleis  prepared  potassium  trioxysulphotungstate,  K2W03S.H20,  by  passing 
hydrogen  sulphide  into  a cone.  soln.  of  potassium  tungstate,  until  a slight  yellow 
precipitate  is  formed.  The  colourless,  deliquescent  crystals  are  deposited  when 
the  filtered  soln.  is  mixed  with  five  times  its  vol.  of  alcohol.  With  an  aq.  soln. 
of  the  salt,  zinc  sulphate  gives  a white  precipitate  soluble  in  hydrochloric  acid. 

F.  Rodolico  obtained  a complex  salt  of  magnesium  trioxysulphotungstate  with 
hexamethylenetetramine,  Mg W S03 .2X . 1 0H2O . 

J.  J.  Berzelius  2 obtained  a white  precipitate  presumably  a mixture  of  tungsten 
trioxide,  sulphuric  acid,  and  water  when  cone,  nitric  acid  acts  on  tungsten 
trisulphide.  It  is  very  doubtful  if  the  precipitate  can  be  regarded  as- a tungsten 
sulphate.  According  to  E.  D.  Desi,  if  tungsten  be  heated  with  cone,  sulphuric 
acid  until  the  evolution  of  sulphur  dioxide  has  ceased,  a blue  precipitate  and  a 
colourless  soln.  are  formed.  If  the  clear  soln.  be  evaporated  a black  substance  of 
the  composition  tungsten  sulphatotrioxide,  W03.S03,  is  formed.  The  solid  soln. 
of  lead  sulphate  and  tungstate  has  been  previously  discussed. 

Refebences. 

1 J.  J.  Berzelius,  Ann.  Phil.,  3.  245,  1814 ; Schweigger's  Journ.,  16.  476,  1816  ; Pogg.  Ann., 
4.  147,  1825  ; 8.  267,  1826  ; Ann.  Chim.  Phys.,  (2),  17.  13,  1821  ; E.  Corleis,  Liebig's  Ann., 
232.  261, 1886  ; Bull.  Soc.  Chim.,  (2),  47.  190, 1887  ; Ueber  die  Schwefelverbindungen  des  Wolframs, 
Miinchen,  1885  ; E.  Kalkowsky,  Zeit.  Kryst.,  13.  32,  1888  ; J.  W.  Retgers,  Zeit.  phys.  Chem., 
10.  559,  1892  ; F.  Rodolico,  Atti  Accad.  Lincei,  (6),  7.  660,  1928  ; C.  Winssinger,  Bull.  Soc. 
Chim.,  (2),  49.  452,  1888  ; Bull.  Acad.  Belg.,  (2),  15.  390,  1888. 

2 J.  J.  Berzelius,  Ann.  Phil.,  3.  245,  1814  ; Schweigger's  Journ.,  16.  476,  1816  ; Pogg.  Ann., 
4.  147,  1825;  8.  267,  1826;  Ann.  Chim.  Phys.,  (2),  17.  13,  1821  ; E.  D.  Desi,  Journ.  Amer. 
Chem.  Soc.,  19.  213,  1897. 

§ 25.  Tungsten  Carbonates  and  Nitrates 

No  tungsten  carbonate  has  been  prepared ; and  similarly  with  tungsten  nitrate. 
J.  C.  G.  de  Marignac 1 prepared  ammonium  nitratometatungstate,  NH4N03. 
2{(NH4)20.4W03.2H20},  by  evaporating  a mixed,  filtered  soln.  of  ammonium 
paratungstate  and  nitric  acid,  or  a mixed  soln.  of  ammonium  metatungstate  and 
nitrate.  The  hexagonal  crystals  lose  half  their  water  at  100°  ; and  when  heated 
decrepitate  and  decompose  without  melting.  J.  J.  Berzelius  saturated  a mixed 
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soln.  of  potassium  tungstate  and  nitrate  with  hydrogen  sulphide,  and  obtained 
ruby-red  crystals  of  potassium  nitratosulphotungstate,  KN03.2K2WS4.  They 
explode  when  heated  just  as  they  begin  to  melt,  forming  potassium  tungstate,  and 
sulphotungstate,  and  tungsten  bisulphide.  With  sulphuric  or  hydrochloric  acid, 
hydrogen  sulphide  is  evolved,  and  if  heated,  nitric  oxide  also  is  given  off.  The 
salt  is  soluble  in  water,  forming  a deep  red  soln.,  from  which  alcohol  precipitates 
the  salt  in  crystalline  grains.  When  the  soln.  is  treated  with  hydrated  copper 
oxide,  copper  sulphide  is  precipitated  and  a soln.  of  copper  nitratotungstate  is 
formed.  According  to  E.  Pechard,  a hot,  mixed  soln.  of  barium  metatungstate 
and  nitrate  furnishes  on  cooling  acicular  crystals  of  barium  nitratometatungstate, 
2Ba(N03)2.Ba0.4W03.6H20.  The  crystals  effloresce  in  air  ; and  they  are  soluble 
in  warm  water  with  partial  decomposition.  S.  M.  Tanatar  and  E.  Kurowsky 
treated  a soln.  of  sodium  tungstate  with  beryllium  nitrate  and  obtained  complexes  of 
beryllium  nitratometatungstate,  of  variable  composition,  Be0.mBe(N03)2.wBeW04, 
soluble  in  acids.  H.  Copaux  described  mercurous  nitratometatungstate — vide 
supra,  mercury  metatungstates ; and  A.  Rosenheim  and  F.  Kohn,  V.  Forcher, 
and  E.  F.  Smith,  lead  nitratometatungstate — vide  supra,  lead  meta tungstates. 
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§ 26.  Phosphotungstic  Acids. — Phosphatotungstic  Acids  and  their  Salts 


Tungsten  trioxide  was  found  by  F.  de  Carli 1 to  behave  like  molybdenum  trioxide 
when  admixed  with  sodium  metaphosphate.  The  fusion  curve  has  two  minima 
and  a maximum  at  850°  corresponding  with  sodium  tungstatometaphosphate, 
NaP03.W03,  or  Na.0.W02.0.P02.  The  first  minimum  is  at  350°  corresponding 
with  30  per  cent,  of  sodium  metaphosphate. 

The  history  of  the  tungsten  phosphates  commences  in  1872  when  C.  Scheibler  2 
observed  that  a soln.  of  sodium  tungstate  containing  phosphoric  acid  is  able  to 
precipitate  certain  organic  compounds ; and  isolated  two  acids  which  contained, 
as  he  supposed,  P205  : W02  in  the  ratios  1 : 22  and  1 : 20  respectively.  The  barium 
salt  in  the  first  case  was  derived  from  the  normal  sodium  tungstate  and  in  the 
second  case  from  the  paratungstate.  E.  Zettnow  reported  a number  of  salts 
of  these  acids.  O.  W.  Gibbs  suggested  that  the  second  acid  has  the  formula 
H16P2W21073.rcH20,  and  he  postulated  the  existence  of  six  series  of  these  acids  in 
which  24,  22,  20,  18,  16,  and  14  mols.  of  W03  are  present  per  mol.  of  P205.  Acids 
corresponding  with  all  the  members  of  the  series  have  not  been  prepared,  and  other 
acids  containing  less  tungstic  acid  have  been  reported.  The  general  result  of  the 
work  on  these  phosphatotungstic  acids  is  to  show  that  they  are  heteropoly-acids 
closely  analogous  with  the  phosphatomolybdic  acids.  The  following  phosphato- 
tungstic acids  have  been  reported,  although  their  claims  for  recognition  as  chemical 
individuals  have  not,  in  all  cases,  been  established  : 


Phosphatododecatungstic  acid  . 
Phosphatohenatungstic  acid 
Phosphatohemihenicositungstic  acid  . 
Phosphatodecatungstic  acid 
Phosphatoenneatungstic  acid  . 
Phosphatoliemiheptadecatungstic  acid 
Phosphatoctotungstic  acid 
Phosphatohexatungstic  acid 
Phosphatoheiniheptatungstic  acid 
Phosphatotritungstic  acid 


P206.24W03.nH20 

P205.22W03.nH20 

P206.21W03.nH20 

P2O3.20WO3.nH2Q 

P206.18W03.nH20 

P206.17W03.wH20 

P206.16W03.nH20 

P206.12W03.nH20 

P20s.7W03.nH20 

P205.6W03.nH2Q 
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The  first  number  of  the  series,  phosphatododecatungstic  acidjP2O5.24WO3.nHoO, 
H7[P(W207)6].nH20,  belongs  to  a group  of  heteropoly  acids  represented  by 
H7[P(Mo207)6],H7[As(Mo207)6],  and  H7[As(W207)6].  This  acid  is  that  commonly 
understood  as  phosphotungstic  acid.  The  following  mode  of  preparation  is  due  to 
F.  Kehrmann  : 

Phosphatododecatungstic  acid  is  prepared  by  dissolving  100  grms.  of  normal  sodium 
tungstate  and  15  grms.  of  crystalline  sodium  hydrophosphate  in  a large  proportion  of 
boiling  water  ; and  adding  hydrochloric  acid  while  the  liquid  is  vigorously  stirred  so  that 
the  crystalline  powder  which  may  separate  is  all  dissolved  by  the  boiling  water.  A cone, 
soln.  of  20  grms.  of  barium  chloride  is  then  added  to  the  liquid.  The  cold  liquid  is  then 
heated  to  boiling,  and  10  grms.  of  barium  chloride  are  added.  The  precipitated  barium  salt 
is  washed  with  cold  ..water,  and  purified  by  recrystallization  from  boiling  water.  The 
barium  salt  in  soln.  is  then  treated  with  the  calculated  amount  of  sulphuric  acid,  and  the 
filtrate  evaporated  for  crystallization. 

E.  Drecbsel  recommended  the  following  process  : 

Phosphatododecatungstic  acid  is  obtained  by  dissolving  500  grms.  of  sodium  tungstate 
and  250  grms.  of  sodium  hydrophosphate  in  500  c.c.  of  water,  and  evaporating  the  liquid 
until  a skin  forms  on  the  surface.  700  to  800  c.c.  of  hydrochloric  acid,  of  sp.  gr.  1-14,  are 
then  added  to  the  boiling  soln.,  which  is  again  evaporated,  and  allowed  to  cool.  The 
whole  is  gradually  treated  with  pure  ether,  being  well  shaken  all  the  time,  until  a layer  is 
formed  above  the  acid  soln.  It  is  left  until  the  lower  layer  is  clear,  then  separated  and 
treated  with  an  equal  vol.  of  water  ; the  ether  is  then  evaporated  ; if  the  soln.  becomes 
bluish,  chlorine-water  is  added.  It  is  evaporated  to  dryness,  dissolved  in  hot  water  ; 
and  on  cooling,  the  acid  separates  in  splendid  crystals. 

The  literature  has  a strangely  indefinite  answer  to  the  question  : What  hydrates 
are  formed  by  phosphatododecatungstic  acid  ? P.  F.  M.  Sprenger  reported  the 
19 ^-hydrate,  from  the  soln.  obtained  from  silver  tungstate  mixed  with  the  calculated 
amount  of  phosphoric  acid,  and  treated  with  hydrochloric  acid  ; 0.  W.  Gibbs,  the 
20 -hydrate,  by  treating  a soln.  of  potassium  phosphatoenneatungstate  with  mer- 
curous nitrate,  and  afterwards  adding  hydrochloric  acid ; M.  Soboleff,  the  22£- 
hydrate,  by  rapidly  cooling  a supersaturated  soln. — vide  infra ; C.  Id.  Brandhorst 
and  K.  Kraut,  the  22>\-hydrate,  by  treating  a soln.  of  100  grms.  of  crystalline  sodium 
phosphatododecatungstate  in  40  c.c.  of  water  with  nitric  acid  of  sp.  gr.  1*5  ; 
0.  W.  Gibbs,  the  26 ^-hydrate,  by  evaporating,  in  vacuo,  the  liquid  obtained  by 
treating  the  mercurous  salt  with  hydrochloric  acid ; and  C.  H.  Brandhorst  and 
K.  Kraut,  by  adding  hydrochloric  acid  to  a soln.  of  the  sodium  salt,  extracting  the 
acid  with  alcohol-free  ether,  and  evaporating  off  the  ether ; E.  Pechard,  the  29|- 
hydrate,  from  a mixture  of  eq.  proportions  of  phosphoric  and  metatungstic  acids 
and  evaporating  in  vacuo  ; and  P.  F.  M.  Sprenger,  the  30%-hydrate,  by  evaporating 
the  soln.  obtained  by  treating  the  barium  salt  with  sulphuric  acid — -and  a little 
nitric  acid — first  on  a water-bath  and  afterwards  in  vacuo  ; and  0.  W.  Gibbs, 
by  evaporating  an  aq.  soln.  of  the  acid  in  vacuo  over  sulphuric  acid.  With  the 
co-ordination  formula  H7[P(W207)6].nH20,  these  hydrates  correspond  with  n=16, 
16 J,  19,  20,  23,  26,  and  27. 

H.  Copaux  concluded  that  there  are  only  the  three  hydrates  of  the 
H7[P(W207)6]-acid,  viz.,  (i)  the  27\-hydrate  which  separates  in  octahedra  from 
cone.  aq.  soln.  at  about  35°  ; (ii)  the  22-hydrate  which  separates  from  a hot,' 
sat.  soln.  acidified  with  a little  nitric  acid,  and  rapidly  cooled ; and  (iii)  the 
19 -hydrate  which  crystallizes  from  a cold  soln.  strongly  acidified  with  nitric  acid. 
A.  Rosenheim  and  J.  Janicke  found  that  when  a cone.  aq.  soln.  is  crystallized 
at  ordinary  temp.,  the  octocosihydrate,  H7[P(W207)6].28H20,  i.e.  P205.24W03. 
63H20,  is  formed,  in  octahedral  crystals.  This  hydrate  is  probably  the  same  as 
the  27| -hydrate  of  H.  Copaux,  and  it  is  unstable  at  ordinary  temp,  and  readily 
passes  into  trigonal  crystals  of  the  docosihydrate,  H7[P(W207)6].22H20,  i.e. 
P205.24W03.51H20.  This  hydrate,  also  obtained  by  H.  Copaux,  is  deposited 
at  ordinary  temp,  from  soln.  feebly  acidified  with  nitric  acid.  The  octocosi- 
hydrate loses  24H20  in  vacuo  over  sulphuric  acid  at  room  temp.,  and  the  docosi- 
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hydrate  loses  its  22HaO  under  similar  conditions.  The  transition  temp,  between 
these  two  hydrates  is  assumed  to  be  somewhere  below  0°.  If  the  aq.  soln.  be 
strongly  acidified  with  nitric  acid,  the  enneadecahydrate,  H7[P(W207)6].19H20, 
i.e.  P205.24WO3.45H2O,  is  formed.  This  is  probably  the  hydrate  prepared  by 
H.  Copaux,  and  M.  Soboleff. 

In  agreement  with  the  fact  that  many  of  the  metal  salts  have  the  general 
formula  R3'PW12O40nH2O,  M.  Soboleff  represented  the  acid  by  the  formula 
H3P04.12W03.21H20,  to  indicate  that  the  acid  is  tribasic  ; and  P.  F.  M.  Sprenger 
employed  the  formula  P0(0.W02.0.W02.0.W02.0.W02.0H)3.  A.  Rosenheim, 
and  R.  Haberle  showed  that  the  eq.  conductivity  of  the  guanidinium  salt  agrees 
better  with  the  assumption  that  the  acid  is  heptabasic  rather  than  tribasic. 
A.  Rosenheim  and  J.  Janicke  found  that  the  acid  dried  in  vacuo  over  sulphuric 
acid  has  the  composition  P205.24W03.7H20.  All  this  supports  the  hypothesis 
that  the  formula  for  the  acid  is  H7[P(W207)6].wH20.  A.  Miolati  and  R.  Pizzigheli 
measured  the  electrical  conductivity  of  soln.  of  phosphatodecatungstic  acid  (0-0473 
grm.  H3P04.12W03.7H20  per  c.c.)  and  of  sodium  hydroxide  (0-0008212  grm. 
NaOH  per  c.c.)  at  25°  when  1 c.c.  of  the  NaOH  soln.  has  0-1304  mol  of  NaOH  per 
mol  of  the  acid.  The  curve  has  two  breaks  corresponding  with  H3P04.12W03. 
7H20  : NaOH— 1 : 6 and  1 : 26.  This  shows  that  phosphatododecatungstic  acid  is 
at  least  hexabasic.  A.  Rosenheim  and  J.  Janicke’s  neutralization  curve  also  has  a 
minimum  with  6-1  mols.  of  NaOH  per  mol.  of  H7[P(W207)6].nH20.  If  the  formula 
H7fP(W207)6].nH20  be  correct,  the  acid  is  probably  heptabasic.  This  agrees 
with  the  guanidinium  salt,  (CN3H6)7[P(W207)6].12H20,  prepared  by  A.  Rosenheim 
and  J.  Janicke  by  adding  guanidinium  carbonate  to  the  free  acid  ; and  this  is  in 
agreement  with  the  conductivity  data.  Only  acid  or  hydro-salts  of  the  metals  have 
been  prepared.  The  acid  character  of  the  salts  is  confirmed  by  conductivity  data. 
The  break  in  the  curve  with  26  mols.  of  NaOH  corresponds  with  the  formation  of 
the  normal  tungstate.  L.  Malaprade  found  that  in  the  electrometric  neutralization 
of  phosphotungstic  acid,  the  general  behaviour  is  the  same  as  in  the  case  of  phos- 
phomolybdic  acid,  but  the  decomposition  of  the  normal  salt  begins  before  an 
inflexion  of  the  curve  occurs. 

It  is  not  easy  to  identify  the  hydrates  reported  above  with  those  obtained  by 
H.  Copaux,  and  A.  Rosenheim  and  J.  Janicke.  The  crystals  are  in  all  cases  colour- 
less or  tinged  pale  yellow.  O.  W.  Gibbs’  and  P.  F.  M.  Sprenger’s  304-hydrate  was 
described  as  forming  colourless  octahedra  which  rapidly  effloresced  in  air.  These 
crystals  probably  represent  H.  Copaux’s,  and  A.  Rosenheim  and  J.  Janicke’s 
octocosihydrate.  E.  Pechard’s  crystals — possibly  A.  Rosenheim  and  J.  Janicke’s 
and  H.  Copaux’s  docosihydrate — measured  by  E.  Dufet,  were  said  to  be  cubic 
octahedral  combinations  of  trigonal  crystals  with  the  axial  ratio  a : c=l  : 1-2648, 
and  a=88°  46'.  M.  Soboleff’s  crystals  of  presumably  the  19^-hydrate  were  definitely 
stated  to  belong  to  the  cubic  system.  He  said  : 

The  supersaturated  soln.,  when  quickly  cooled,  gives  skoleton  crystals  belonging  to 
the  regular  system,  and  then  well-formed  cubes  and  octahedra  ; the  last  form  js  the  most 
stable,  and  is  always  obtained  on  cooling  saturated  soln.,  or  by  prolonged  crystallization 
in  a desiccator.  When  these  octahedra  are  separated  from  the  soln.,  they  quickly  become 
covered  with  six-sided  stars,  arranged  parallel  to  the  edges  of  the  octahedron,  and  the 
crystals  break  up  into  new  crystals  which  contain  less  water.  The  crystals  of  the  second 
hydrate  are  obtained  by  crystallizing  a supersaturated  soln.  in  a thermostat  at  50°. 

The  second  hydrate  furnishes  rhombic  crystals  with  the  axial  ratios  a:b  :c 
=0-94207  : 1 : 1-96187,  and  with  the  optical  character  negative.  When  the  soln.  is 
quickly  evaporated,  long,  thin  needles  are  obtained  which  act  on  polarized  light. 
If  these  crystals  had  effloresced  a little  before  analysis,  they  probably  represented 
the  enneadecahydrate  of  H.  Copaux,  and  A.  Rosenheim  and  J.  Janicke.  The  subject 
is  somewhat  confused  because  it  is  lacking  in  precise  data.  M.  Soboleff  gave  4-68 
for  the  sp.  gr.  of,  presumably,  the  enneadecahydrate  ; and  for  the  sp.  gr.  of  sat. 
aq.  soId.  at  0°.  1-189  ; at  22",  1-6913  ; at  43°,  1-8264  ; and  at  92°,  2-5813.  He  also 


TUNGSTEN 


865 


found  that  soln.  of  0-2983,  5-930,  and  25-192  grms.  of  the  acid  in  100  c.c.  of  water 
lower  the  f.p.  of  water  respectively  0-0146°,  0-1360°,  and  0-4710°.  The  depression 
with  the  complex  acid  was  found  to  be  much  less  than  the  sum  of  the  effects  of  the 
components.  At  high  concentrations,  the  difference  is  a constant,  0-023,  but  at 
low  concentrations  the  difference  is  less  0-013.  The  acid  lost  0-11  per  cent.,  or 
4-09  mols.  of  water  by  efflorescence  in  air  ; and  at : 


50° 

100° 

150° 

200° 

300° 

350° 

Red-heat 

Percentage  loss  . 

4-40 

5-75 

6-91 

9-29 

10-17 

10-23 

12-42 

Mols  lost  . 

15-3 

20-1 

24-3 

34-1 

37-3 

37-4 

45-00 

The  acid  is  freely  soluble  in  water,  and,  as  indicated  above,  the  soln.  have  a 
large  sp.  gr.  ; the  solubility,  S grms.  of  P205.24W03.45H20,  per  100  c.c.  of  water, 
is : 

0°  22°  43°  92° 

5 . . 16-206  49-718  53-64  86-75 

while  the  solubility  in  ether,  S grms.  of  P205.24W03.45H20  per  100  c.c.  of  ether,  is  : 

0°  7-8°  18-2°  24-2° 

S . . 81  196  85-327  96-017  101-348 

0.  W.  Gibbs  found  that  the  aq.  soln.  is  a colourless  oily  liquid  with  a high  index 
of  refraction  and  it  has  an  acidic  and  bitter  taste  ; it  easily  drives  carbon  dioxide 
from  carbonates.  When  the  aq.  soln.  has  stood  for  a day,  decomposition  occurs, 
and  a white,  crystalline  powder  is  precipitated.  The  same  powder  is  always  formed 
in  the  preparation  of  the  acid.  E.  Drechsel  found  that  the  ethereal  soln.  can  be 
mixed  with  alcohol  in  all  proportions,  and  a soln.  with  equal  vols.  of  ether  and  alcohol 
is  not  rendered  turbid  by  one  vol.  of  hydrochloric  acid,  but  another  vol.  of  the  acid 
does  render  the  soln.  turbid.  The  ethereal  soln.  can  be  mixed  with  much  water 
without  becoming  turbid.  According  to  A.  Miolati  and  R.  Pizzigheli,  with  methyl 
orange  as  indicator,  in  the  titration  o.f  the  acid,  6 mols.  of  NaOH  are  consumed 
per  mol.  of  acid  H7[P(W207)6].nH20  ; and  with  phenolphthalein  as  indicator,  26 
mols.  of  NaOH  are  consumed — vide  supra.  E.  Brauer  gave  [H‘]=0-0041  for  the 
hydrogen  ion  concentration  of  a 0-005A-soln.  of  the  acid.  M.  Soboleff  found  the 
electrical  conductivity  of  the  aq.  soln.  to  be  smaller  than  that  of  its  components  ; 
A.  Rosenheim  and  J.  Janicke  found  the  electrical  conductivity,  A mhos,  of  soln. 
of  |H7[P(W207)6].22H20  in  v litres  of  water  at  25°  to  be  : 

v . 16  32  64  128  256  512  1024 

A . 160-8  168-9  181-0  198-4  220-3  249-3  274-5 

T.  G.  y Arnal  discussed  the  reactions  of  phosphotungstic  acid  with  various  salts. 
Phosphatododecatungstic,  phosphododecatungstic,  or  simply  phosphotungstic  acid 
forms  ammonium,  alkali,  alkaline  earth,  silver  and 
mercurous  salts  of  the  type  R20.P205.24W03. 
nH20.  According  to  F.  Kehrmann  and  co- 
workers, if  the  acid  or  a salt  is  mixed  writh  a large 
excess  of  a strong  base,  the  first  decomposition 
product  is  a salt  of  the  formula  7R20.P205. 

22W03.«H20,  and  a large  excess  produces  tribasic 
phosphate,  and  dibasic  tungstate,  Fig.  51.  Accord- 
ing to  O.  W.  Gibbs,  the  phosphatotungstates  are 
only  decomposed  a little  by  hydrogen  sulphide, 
and  the  reduction  by  zinc  is  incomplete.  Mer- 
curous nitrate  gives  an  almost  complete  precipi- 
tation of  the  mercurous  salt  which  is  yellow,  and 
almost  insoluble  in  water,  and  sparingly  soluble 
in  dil.  nitric  acid.  Owing  to  the  low  solubility 
of  the  potassium  and  ammonium  salts,  phosphotungstic  acid  could  be  used  for 
their  detection.  Many  alkaloids  give  almost  insoluble  more  or  less  crystalline 
vol.  xi.  3 K 


c.c  of  solution  with  0-00082/2 grm. 
NaOH  per  c.c. 

Fio.  51. — Neutralization  Curve  of 
Phosphatododecatungstic  Acid 
with  Sodium  Hydroxide. 
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precipitates.  C.  Scheibler  said  that  bulky  precipitates  are  obtained  with  liquids 
containing  g0o!ooo^  °f  strychnine,  or  100|uooth  of  quinine;  and  he  said  that  the 
acid  can  be  used  as  an  antidote  to  poisoning  with  the  organic  bases.  Egg-albumen 
also  gives  a white  precipitate,  and  it  is  accordingly  used  as  a reagent  for  pre- 
cipitating these  substances.  The  behaviour  of  phosphotungstic  acid  or  the  phos- 
photungstates  towards  various  organic  substances  was  examined  by  C.  Scheibler, 

E.  Winterstein,  E.  Schulze  and  E.  Winterstein,  E.  Wechsler,  L.  Bleibtreu, 
J.  Sebelien,  A.  von  Bayer  and  V.  Villiger,  F.  Mylius,  H.  Moreigne,  Z.  H.  Skraup 
and  co-workers,  M.  Barber,  H.  and  L.  Pellet,  P.  A.  Levene  and  W.  A.  Beatty, 
W.  A.  Jacobs,  L.  Guglialmelli,  0.  Folin  and  W.  Denis,  C.  Funk  and  co-workers, 
J.  C.  Drummond,  A.  Heiduschka  and  L.  Wolf,  L.  Lematte  and  co-workers,  etc. 
The  acid  gives  white  precipitates  with  substances  containing  urea,  and  is  used 
as  a clarifying  agent  in  urine  analysis — B.  Oppler,  C.  E.  May,  0.  Folin  and 
A.  B.  Macallum,  and  C.  Funk  and  A.  B.  Macallum.  The  acid  is  also  used  for 
precipitating  peptones,  and  for  separating  them  from  acid  amido-compounds — 
A.  Stutzer,  S.  Bondzynsky,  A.  Vivian,  and  L.  L.  van  Slyke  and  E.  B.  Hart. 

O.  W.  Gibbs  prepared  ammonium  phosphatododecatungstate,  3(NH4)20. 
P205.24W03.29H20,  or  (NH4)3H4[P(W207)6].12|H20,  in  white  or  pale  yellow 
crystals,  by  mixing  a soluble  ammonium  salt  with  a soln.  of  mixed  sodium  tungstate 
and  hydrophosphate,  and  adding  an  excess  of  nitric  or  hydrochloric  acid.  F.  Kehr- 
mann  added  a soluble  ammonium  salt  to  a dil.  soln.  of  the  acid  or  a salt. 

F.  Kehrmann  and  E.  Bdhm  found  that  this  salt  is  also  formed  when  ammonium 
phosphatohemiheptadecatungstate  is  treated  with  dil.  hydrochloric  acid. 

0.  W.  Gibbs  made  sodium  hydrophosphatododecatungstate,  2Na20.P205. 
24W03.27H20,  or  Na2H5[P(W207)6].llH20,  by  adding  an  excess  of  hydrochloric 
or  nitric  acid  to  a soln.  of  12  mols.  of  sodium  tungstate  and  one  mol.  of  sodium 
hydrophosphate  ; and  C.  H.  Brandhorst  and  K.  Kraut,  used  the  following  process  : 

750  grms.  of  hydrochloric  acid,  of  sp.  gr.  1-175,  diluted  with-4  vols.  of  water,  were  slowly 
added,  with  stirring,  to  a soln.  of  a kilogram  of  sodium  tungstate  and  100  grms.  of  sodium 
hydrophosphate  in  4 litres  of  water,  and  the  soln.  evaporated  to  dryness.  2£  litres  of  a 
mixture  of  equal  vols.  of  alcohol  and  ether  is  poured  over  the  mixture,  and  after  24  hrs., 
the  sodium  chloride  is  filtered  off,  and  the  filtrate  distilled.  The  residue  is  treated  with  a 
litre  of  water  and  warmed  with  bromine-water  or  nitric  acid  and  allowed  to  stand.  The 
clear  soln.  is  evaporated  for  crystallization,  and  recry stallized  from  water. 

The  large,  colourless  or  pale  yellow  crystals  are  either  monoclinic  or  triclinic, 
and,  according  to  C.  H.  Brandhorst  and  K.  Kraut,  have  a sp.  gr.  4-722.  The  salt 
is  freely  soluble  in  water,  and  at  20°,  the  sp.  gr.  of  the  soln.  with  the  following 
proportions  of  the  anhydrous  salt,  are  : 

5 15  25  35  45  55 

Sp.gr.  . 1-044  1-143  1-262  1-414  1-613  1-872 

The  salt  is  more  soluble  iu  alcohol  than  it  is  in  water.  The  aq.  soln.,  said 
0.  W.  Gibbs,  gives  a white,  crystalline  precipitate  with  silver  nitrate  ; and  pre- 
cipitates with  barium  chloride,  and  ammonium  nitrate  after  standing  some  time. 
With  sufficient  sodium  carbonate  the  salt  is  resolved  into  normal  sodium  tungstate 
and  phosphate. 

F.  Kehrmann  and  co-workers  prepared  sodium  phosphatododecatungstate, 

3Na20.P205.24W03.itH20,  as  described  above  in  connection  with  the  addition 
of  barium  chloride,  is  recrystallized  from  boiling  water  a number  of  times.  This 
is  one  of  the  salts  prepared  by  C.  Scheibler- — vide  supra.  F.  Kehrmann  and 
co-workers  showed  that  if  a hot,  sat.  soln.  be  cooled,  it  furnishes  colourless, 
octahedral  crystals  with  cube  faces  of  the  enneadecahydrate,  Na3H4[P(W207)6]. 
19H20.  The  crystals  readily  effloresce  in  air,  and  the  salt  is  very  soluble  in  water. 
Soln.  sat.  at  0°,  22°,  and  93°  were  found  by  M.  Soboleff  to  dissolve  respectively 
22-04,  59-65,  and  98-184  grms.  of  the  crystallized  acid  per  100  c.c.  of  water. 
F.  Kehrmann  found  that  the  salt  is  less  soluble  in  hydrochloric  acid,  and  iu  soln. 
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of  sodium  chloride.  F.  Kehrmann  and  co-workers  found  that  if  the  preceding 
hydrate  be  allowed  to  stand  in  the  cold  mother-liquor,  it  slowly  dissolves,  and 
the  soln.  deposits  colourless  plates  which  M.  Soboleff  found  to  be  the  tridecahydrate, 
Na3H4[P(W207)6].13H20,  and  to  be  triclinic  pinacoids  with  the  axial  ratios 
a : b : c=l-0875  : 1 : 2-0814,  and  <x=85°  21',  £=95°  28',  and  y=87°  41-5'.  The 
same  hydrate  is  obtained  by  keeping  a cone.  soln.  at  a temp,  below  50°.  According 
to  C.  H.  Brandhorst  and  K.  Kraut,  if  an  aq.  soln.  of  the  hydrophosphatododeca- 
tungstate  be  shaken  with  ether,  the  enneahydrate,  Na3H4[P(W207)6].9H20,  is 
formed  as  a white  powder.  E.  Hartmann  prepared  sodium  phosphatododeca- 
tungstalomolybdate,  3Na20.P205.24(Mo03,W03).wH20.  According  to  F.  Kehrmann, 
potassium  phosphatododecatungstate,  K3H4[P(W207)6].wH20,  is  formed  when  a 
soluble  potassium  salt  is  added  to  a dil.  soln.  of  the  acid  or  a soluble  salt. 
0.  W.  Gibbs  obtained  the  hemiheptahydrate  or  the  hemitridecahydrate  by  double 
decomposition  with  a soluble  potassium  salt,  and  the  sodium  salt,  or,  as  in  the 
analogous  case  of  the  sodium  salt,  by  adding  hydrochloric  or  nitric  acid  to  a mixed 
soln.  of  potassium  phosphate  and  tungstate.  0.  W.  Gibbs  prepared  a salt, 
4K2O.P2O5.24WO3.20H2O,  from  a soln.  of  metaphosphoric  acid  and  potassium 
penta tungstate.  P.  F.  M.  Sprenger,  and  F.  Kehrmann  prepared  copper  phosphatodo- 
decatungstate, Cu3{H4[P(W207)6]}2.54H20,  by  treating  copper  carbonate  with  the 
calculated  quantity  of  the  acid,  and  evaporating  the  clear  soln.  in  vacuo.  The  green, 
cubic  crystals  are  freely  soluble  in  water.  P.  F.  M.  Sprenger,  and  F.  Kehrmann 
also  prepared  silver,  phosphatododecatungstate,  Ag3H4[P(W207)6].26H20,  by 
adding  silver  nitrate  to  a dil.  soln.  of  the  acid.  The  white  powder  is  sparingly 
soluble  in  water.  P.  F.  M.  Sprenger  reported  barium  hydrophosphatododeca- 
tungstate,  Ba{H0[P(W2O7)6]}2.54H2O,  by  evaporating  a soln.  of  the  calculated 
quantity  of  barium  carbonate  in  the  acid ; and  BaH5[P(W207)6].27H20  in  a 
similar  manner ; while  0.  W.  Gibbs  prepared  barium  phosphatododecatungstate, 
Ba3{H4[P(W207)6]}2.42H20.  which  is  produced  by  the  action  of  barium  chloride  on  a 
soln.  of  the  sodium  salt.  The  dotessaraconlahydrate  forms  colourless,  octahedral  crys- 
tals Which  rapidly  effloresce,  and  are  very  soluble  in  hot  water ; F.  Kehrmann  and 
co-workers  also  prepared  this  salt.  M‘  Soboleff  obtained  the  tetratessaracontahydrate, 
Ba3{H4[P(W207)6)}2.44H20,  in  octahedral  crystals,  and  P.  F.  M.  Sprenger  also  pre- 
pared the  tetrapentecontahydrate,  Ba3{H4[P(W207)6]}2.54H20,  in  cubic  crystals. 
C.  H.  Brandhorst  and  K.  Kraut  obtained  sodium  barium  phosphatododecatung- 
state, NaBaH4[P(W207)6].22H20,  by  treating  a cold  soln.  of  sodium  hydro- 
phosphatododecatungstate  with  freshly  precipitated  barium  carbonate,  and  adding 
alcohol  to  the  clear  soln.  The  turbid  soln.  formed  by  water  becomes  clear  on  the 
addition  of  hydrochloric  acid.  F.  Kehrmann  and  M.  Freinkel  obtained  yellow 
prisms  of  silver  barium  phosphatododecatungstate,  by  adding  silver  nitrate  to  a 
soln.  of  ammonium  barium  phosphatododecatungstate.  0.  W.  Gibbs  added 
mercurous  nitrate  to  a soln.  of  24  mols.  of  sodium  tungstate,  and  2 mols.  of  sodium 
hydrophosphate,  acidified  with  nitric  acid,  and  obtained  a yellow  precipitate  of 
mercurous  phosphatododecatungstate,  which  is  insoluble  in  water,  and  slightly 
soluble  in  dil.  nitric  acid.  H.  Copaux  said  that  the  composition  is  not  constant, 
but  varies  with  the  mode  of  preparation.  F.  Kehrmann  prepared  mercuric 
phosphatododecatungstate,  3Hg0.P205.24W03.wH20,  freely  soluble  in  water,  and 
lead  phosphatododecatungstate,  3Pb0.P205.24W03.wH20. 

O.  W.  Gibbs  found  that  a boiling  soln.  of  sodium  phosphatododecatungstate 
readily  dissolves  platinic  hydroxide  forming  an  orange  liquid,  which,  when  filtered 
and  evaporated,  furnishes  orange  crystals  of,  presumably,  platinic  phosphato- 
dodecatungstate. Ammonium  chloride  precipitates  orange  yellow  crystals  from 
the  soln. — presumably  ammonium  platinic  phosphatododecatungstate. 

P.  F.  M.  Sprenger  reported  that  he  had  obtained  a soln.  of  phosphatohena- 
tungstic  acid,  P3O5.22WO3.wH3O,  by  the  action  of  dil.  sulphuric  acid  on  the  barium 
salt.  The  acid  itself,  however,  has  not  been  isolated.  Strong  mineral  acids 
decompose  the  salts  into  the  phosphatododecatungstates  and  the  phosphato- 
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hemihenacositungstate,  and  A.  Rosenheim  and  J.  Janicke  suggested  that  the 
molecule  has  two  nuclei  H7[P(0H)(W207)5]  linked  by  a bivalent  W207-bridge, 
thus  : 

H7LP(0H)(W207)6]-W207-[(W207)6(0H)PjH7-nH20. 

By  treating  barium  phosphatohemiheptatungstate  with  sulphuric  acid, 
C.  Scheibler  obtained  an  acid  which  he  represented  by  the  formula 
HnPWn043.18H20.  0.  W.  Gibbs  reported  ammonium  phosphatohenatungstate, 
3(NH4)30.I>205.22W03.2IH20,  to  be  formed  from  a mixture  of  sodium  tungstate 
and  hydrophosphate,  ammonium  nitrate,  and  an  excess  of  hydrochloric  acid. 
The  colourless  crystals  are  freely  soluble  in  cold  water,  and  partially  soluble  in 
hot  water  to  form  a turbid  liquid.  The  properties  of  the  salt  are,  in  general, 
like  those  of  the  phosphatododecamolybdate.  This  may  be  a phosphatododeca- 
tungstate.  F.  Kehrmann  prepared  the  ammonium  salt,  7(NH4)20.P205.22W03. 
«H20,  by  adding  an  excess  of  ammonium  carbonate  to  a boiling  cone.  soln. 
of  ammonium  phosphatododecatungstate  so  long  as  effervescence  occurs.  On 
cooling,  octahedral  crystals  are  obtained,  very  soluble  in  water.  The  salt  can  be 
purified  by  recrystallization  from  water,  acidified  with  acetic  acid.  0.  W.  Gibbs 
prepared  sodium  phosphatohenatungstate,  2Na20.P20B.22W03.9H20,  by  adding 
an  excess  of  hydrochloric  or  nitric  acid  to  a soln.  of  24  mols.  of  sodium  tungstate, 
and  a mol.  of  sodium  hydrophosphate.  The  white,  crystalline  powder  is  sparingly 
soluble  in  water.  This  may  be  a phosphatododecatungstate.  When  the  barium 
salt  is  treated  with  sodium  sulphate,  F.  Kehrmann  and  co-workers  found  that  the 
filtered  soln.,  on  evaporation,  furnishes  acicular  crystals  of  7Na20.P205.22W03. 
33H20.  0.  W.  Gibbs  added  hydrochloric  or  nitric  acid  to  a soln.  of  potassium 

phosphatoenneatungstate,  when  potassium  phosphatohenatungstate,  2K20.P206. 
22W03.6H20,  was  formed  as  a white  precipitate  very  soluble  in  water.  This  may 
be  a phosphatododecatungstate.  F.  Kehrmann  and  co-workers  prepared 
7K20.P205.22W03.31H20,  by  the  process  used  for  the  ammonium  salt.  L.  Duparc 
and  F.  Pearce  found  the  axial  ratio  of  the  colourless,  tetragonal  crystals  to  be 
a : c— 1 : 0-6053.  According  to  F.  Kehrmann  and  co-workers,  the  salt  is  readily 
soluble  in  hot  or  cold  water,  but  insoluble  in  alcohol.  Crystalline  double  salts 
are  obtained  when  salts  of  the  heavy  metals  are  added  to  its  cone.  aq.  soln.  The 
general  formula  is  (7 — w)K20.mR0.P205.22W03.nH20.  The  salts  are  readily 
broken  down  into  simpler  phosphatotungstates— vide  infra.  O.  W.  Gibbs  obtained 
barium  phosphatohenatungstate,  4Ba0.P205.22W03.41H20,  by  neutralizing 
with  acetic  acid  a mixed  soln.  of  24  mols.  of  sodium  tungstate  and  2 mols.  of  sodium 
hydrophosphate,  and  adding  barium  chloride.  The  prismatic  crystals  are  soluble 
in  hot  water ; and  the  hot  aq.  soln.  deposits  needle-like  crystals  on  cooling. 
P.  F.  M.  Sprengor  obtained  doubly-refracting  needles  of  the  salt  7Ba0.P20522W03. 
59  5H20,  by  adding  to  a soln.  of  phosphatododecatungstic  acid  to  excess 
of  barium  hydroxide,  and  evaporating  the  clear  filtrate.  F.  Kehrmann  and 
co-workers  prepared  the  salt  7Ba0.P206.22W03.53H20  by  adding  powdered 
barium  carbonate  to  a boiling,  cone.  soln.  of  barium  phosphatododecatungstate 
so  long  as  effervescence  occurs.  On  cooling,  the  salt  separates  in  octahedra  ; 
and  it  can  be  purified  by  crystallization  from  water  acidified  with  acetic  acid. 
If  barium  chloride  is  added  to  the  potassium  salt,  octahedral  crystals  of  potassium 
barium  phosphatohenatungstate,  2K20.5Ba0.P205.22W03.48H20,  are  formed  ; 
the  action  of  silver  nitrate  on  a soln.  of  ammonium  barium  phosphatohenatungstate 
furnishes  silver  barium  phosphatohenatungstate,  3Ag20.4Ba0.P205.22W03.34H20. 
They  also  prepared  potassium  mercuric  phosphatohenatungstate  in  colourless, 
soluble  needles ; and  barium  mercuric  phosphatohenatungstate,  In  sparingly 
soluble  crystals.  0.  W.  Gibbs  reported  white,  crystalline  ammonium  stannic 
phosphatohenatungstate,  2(NH4)20.2Sn02.P205.22W03.15H20. 

According  to  F.  Kehrmann  and  M.  Freinkel,  phosphatohemihenicositungstic 
acid,  1>205.2LW03.33H20,  is  produced  as  follows:  Potassium  phosphatohena- 
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tungstate  is  dissolved  in  a little  water,  and,  after  adding  an  excess  of  dil.  hydrochloric 
acid,  the  soln.  is  boiled  and  filtered  from  the  potassium  phosphatododecatungstate. 
The  filtrate  slowly  deposits  the  potassium  salt  of  the  required  acid  ; this  is  con- 
verted into  the  ammonium  salt  by  the  action  of  ammonium  chloride,  and  the  latter 
mixed  into  a mush  with  aqua  regia,  and  the  mixture  boiled.  The  salt  decomposes 
with  the  evolution  of  nitrogen,  and  the  required  acid  separates  from  the  soln.  on 
cooling.  The  acid  is  also  obtained  by  treating  the  barium  salt  with  sulphuric  acid  ; 
on  evaporation,  phosphatododecatungstic  acid  first  separates,  and  the  mother-liquor 
yields  a crop  of  hexagonal  crystals  of  the  required  acid.  It  is  also  obtained  by 
treating  the  potassium  salt  with  acid,  and  extraction  with  ether.  The  acid  forms 
colourless,  four-sided  prisms.  It  is  extremely  soluble  in  water,  and  the  aq.  soln. 
can  be  boiled  without  decomposition ; but  not  so  with  a soln.  of  salts  of  the  acid  ; 
they  are  decomposed.  • Soln.  of  the  acid  can  be  repeatedly  evaporated  with  cone, 
hydrochloric  or  nitric  acid  without  decomposition.  Unlike  phosphatododeca- 
tungstic acid,  potassium  and  ammonium  phosphatohemihenicositungstates  are  not 
sparingly  soluble  in  water : and  the  colour,  crystal  form,  and  solubilities  of  the 
salts  of  phosphatoenneatungstic  acid,  are  very  different  from  those  of  the  salt 
of  phosphatohemihenicositungstic  acid.  E.  Brauer  found  that  the  H'-ion  cone, 
of  00052V-soln.  of  the  acid  is  [H']=0-0070.  The  structure  of  the  acid  has  not 
been  determined ; but  the  acid  is  very  probably  more  than  sexibasic,  for  the 
salts  of  the  type  3KoO.P2O5.2iWO3.wH2O  behave  as  if  they  were  acid  salts. 
This  is  supported  by  the  electrical  conductivity  of  the  potassium  salt  which  gives 
normal  values  on  the  assumption  that  it  is  hexabasic  or  heptabasic.  Soln.  with 
an  eq.  of  salt — i.e.  £(3K20.P205.21W03.31H20)  in  v litres  at  25°  have  the 
conductivities  : 

v . 32  G4  128  256  512  1024 

A . 166-8  184-2  202-2  226-3  254-1  285-2  mhos. 

If  attempts  are  made  to  prepare  normal  salts,  the  complex  anion  is  broken  down. 
F.  Kehrmann  and  co-workers  prepared  ammonium  phosphatohemihenicositung- 
state,  3(NH4)20.P205.21W03.wH20,  by  adding  ammonium  chloride  to  a soln. 
of  the  potassium  salt,  and  repeating  the  precipitation  from  lukewarm  soln.  in  dil. 
hydrochloric  acid  a number  of  times  so  as  to  get  the  salt  free  from  potassium  salts. 
The  six-sided  prisms  are  decomposed  by  boiling  water.  The  salt  is  sparingly 
soluble  in  cold  water,  but  more  soluble  in  hot  water  ; it  is  insoluble  in  a sat.  soln. 
of  ammonium  chloride ; and  soluble  in  alcohol.  If  a boiling,  cone.  soln.  of 
potassium  phosphatohenatungstate  be  treated  with  dil.  hydrochloric  acid  added 
drop  by  drop,  with  agitation,  until  no  more  precipitate  is  formed,  and  the  soln. 
is  acid,  and  potassium  chloride  added  to  the  filtrate,  a crystalline  precipitate  of 
potassium  phosphatohemihenacositungstate,  3K20.P205.21W03.nH20,  is  formed. 
The  colourless,  six-sided  prisms  are  decomposed  by  boiling  water ; the  salt  is 
soluble  in  cold  water. 

According  to  E.  Pechard,  the  evaporation  of  a soln.  of  one  eq.  of  phosphoric  acid  with 
5 eq.  of  metatungstic  acid  furnishes  efflorescent  regular  octahedra  of  phosphatodeca- 
tungstic  acid,  P2O5.20WO3.62H2O,  and  if  these  are  dissolved  in  very  little  water,  and  tho 
soln.  concentrated,  less  efflorescent,  trigonal  crystals  of  P205.20W03.50H20  with  the 
axial  ratio  a:c=  1:  1-2929  are  formed.  O.  W.  Gibbs  also  obtained  the  acid  by  adding  nitric 
acid  in  excess  to  a mixed  soln.  of  sodium  phosphate  and  tungstate  ; but  later,  ho  added 
that  the  free  acid  could  not  be  prepared.  There  is  a doubt  about  the  acid  and  its  salts, 
because  the  methods  of  preparation,  and  the  properties  described  are  similar  to  those 
required  for  the  phosphatododecatungstates.  C.  Scheibler  also  prepared  cubic  crystals 
of  an  acid  which  he  represented  by  the  formula  HuPWmO^.SHjO.  O.  W.  Gibbs  obtained 
sodium  phosphatodecatungstate,  Na2O.P2O5.20WO3.19H2O,  in  efflorescent  colourless 
needles,  by  adding  a small  excess  of  hydrochloric  acid  to  a soln.  of  12  mols.  of  sodium 
tungstate  and  one  mol.  of  sodium  phosphate.  E.  Pec-hard  also  described  Na20.P206. 
20WO3.25H2O,  in  prismatic  crystals  obtained  by  evaporating  on  a water-bath  a soln. 
of  eq.  proportions  of  the  free  acid  and  sodium  hydroxide".  It  is  easily  soluble  in  water, 
and  insoluble  in  alcohol.  E.  Pechard  obtained  2Na2O.P2O5.20\VO3.30H,O,  from  a soln. 
of  an  eq.  of  tho  free  acid  and  2 eq.  of  sodium  hydroxide  ; and  by  the  action  of  metatungstic 
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acid  on  sodium  hydrophosphate.  The  rhombohedral  crystals  do  not  effloresce  in  air. 
The  salt  is  soluble  in  water,  and  insoluble  in  alcohol.  If  heated  to  100°,  20  mols.  of  water 
are  given  off.  A sat.  soln.  of  an  eq.  of  the  free  acid  and  2 eq.  of  sodium  hydroxide  yields 
regular  octahedral  crystals  of  3Na2O.P2O6.10WO3.32H2O.  The  salt  is  soluble  in  water, 
and  insoluble  in  alcohol.  E.  Pochard  prepared  potassium  phosphatodecatungstate, 
K2O.P2O6.20WO3.5H2O,  as  in  the  case  of  the  corresponding  sodium  salt.  The  addition 
of  silver  nitrate  to  a soln.  of  the  potassium  salt  furnishes  silver  phosphatodecatungstate. 
E.  Pochard  obtained  calcium  phosphatodecatungstate,  2CaO.P3O6.20WO3.22H2O,  in 
efflorescent  octahedra  by  the  action  of  metatungstic  acid  on  calcium  hydrophosphate  ; 
barium  phosphatodecatungstate,  2BaO.PaO5.20WO3.27H2O,  in  colourless  octahedra,  by 
the  action  of  metatungstic  acid  on  barium  hydrophosphate  ; and  by  adding  2 eq.  of 
baryta- water  to  a soln.  of  one  eq.  of  the  free  acid  ; 2BaO.PaO5.20WO3.36H3O,  in  colourless 
octahedra,  by  adding  barium  chloride  to  a soln.  of  sodium  paratungstate  mixed  with 
phosphoric  and  hydrochloric  acids.  O.  W.  Gibbs  reported  6BaO.PaO6.20WO3.48H2O,  to 
be  formed  by  adding  hydrochloric  acid  to  mixtures  of  sodium  tungstate  and  sodium 
hydrophosphate  in  the  proportions  between  24  to  2 to  12  : 2.  The  colourless  crystals  are 
readily  soluble  in  hot  water.  E.  Pechard  prepared  colourless,  efflorescent  octahedra  of 
magnesium  phosphato  decatungstate,  2MgO  .P  aO  5. 20  W03. 1 9H  20 , by  evaporating  in  vacuo  a soln . 
of  2 eq.  of  magnesium  carbonate  and  one  eq.  of  the  acid  ; also  lead  phosphatodecatungstate, 
2PbO.P2O6.20WO3.6H2O,  in  white  needles. 

The  so-called  luteophosphotungstic  acid — luteus,  yellow — or  phosphatoennea- 
tungstic  acid,  P203.18W03.42H20,  was  prepared  by  F.  Kehrmann  as  follows  : 

A soln.  of  100  grms.  of  sodium  tungstate  in  sufficient  boiling  water  was  mixed  with 
50  grms.  of  syrupy  phosphoric' acid  and  50  c.c.  of  water,  and  the  water  renewed  as  the  soln. 
is  boiled  until  it  acquires  a yellow  colour.  20  c.c.  of  cone,  nitric  acid  were  added  drop  by 
drop  to  the  boiling  liquid.  The  cold  iiquid  was  treated  with  powdered  ammonium  chloride 
so  long  as  a yellow  precipitate  was  produced.  The  powder  was  isolated  by  suction,  dis- 
solved in  a little  cold  water,  and  again  precipitated  by  ammonium  chloride  ; the  operation 
was  repeated  twice  more.  The  pale  yellow  needles  were  removed  from  the  large  lemon- 
yellow  prisms  of  the  ammonium  salt  of  this  acid  by  levigxtion,  and  the  salt  recrystallized. 
The  product  is  mixed  with  3 parts  of  cone,  hydrochloric  icid  and  one  part  of  cone,  nitric 
acid  boiled  until  the  ammonia  is  all  expelled.  The  yellow  soln.  is  evaporated  to  remove 
nitric  acid ; and  the  product  recrystallized  from  lukewarm  water.  The  acid  is  also 
obtained  by  decomposing  the  silver  salt  with  hydrochloric  acid.  The  acid  can  be  extracted 
from  its  aq.  soln.  by  ether. 

The  acid  forms  lemon-yellow,  six-sided,  triclinic  plates  which  are  stable  in  air, 
and  melt  at  28°.  A.  Rosenheim  and  J.  Janicke’s  analysis  corresponds  with  the 
empirical  formula  just  indicated.  F.  Kehrmann’s  analysis  gave  41H20,  and  he 
thought  that  the  acid  is  tribasic.  When  25  c.c.  of  a -iV-soln.,  on  the  assumption 
that  an  eq.  of  the  acid  is  one-fifth  of  the  mol  P205.18H20.42H20,  is  treated  with 
n c.c.  of  O-lA-NaOH,  and  the  conductivity  measured,  the  values 

C.c.  O-lN-NaOH  1 2 4 5 6-8  9 

2-754  2-416  1-739  1-402  1-067  1-066  1-148 

show  a minimum  for  4-4  mols.  of  base  to  a mol.  of  acid,  meaning  that  the  acid  is  at 
least  pentabasic.  A.  Rosenheim  and  J.  Janicke  found  that  the  lowering  of  the  f.p. 
of  aq.  soln.  corresponds  with  a decabasic  acid.  The  electrical  conductivity  of  a 
soln.  of  one-third  of  a mol  of  P205.18W03.42H20  in  v litres  of  water  at  25°  is  : 

v . 16  32  64  128  256  512  1024 

A . 66-23  68-76  71-14  73-57  76-16  78-01  80-14 

The  guanidinium,  salt,  5(CN3H6)20.P203.18W03.18H20,  as  also  is  the  silver  salt,  pre- 
pared by  R.  Haberle,  agrees  with  the  assumption  that  the  acid  is  decabasic,  although 
the  corresponding  molybdate  is  dodecabasic,  but  the  complex  ion  of  that  acid  is  not 
so  stable.  The  constitutional  formula  of  the  acid  is  H5[P(0H)(W207)4]-W207- 
[P(0H)(W207)4]H5.36H20,  or  H10[(HO)(W2O7)4P-W2O7-P(W2O7)4(OH)].36H2O. 
H.  Wu  supposed  that  the  acid  exists  in  two  isomeric  forms.  E.  Brauer  gave  for  the 
H’-ion  cone,  in  a 0-005 A-soln.,  0-0041.  The  acid  is  freely  soluble  in  water ; it  is 
not  changed  by  strong  mineral  acids  ; but  the  least  excess  of  a strong  base  breaks 
down  the  molecule.  When  the  acid  is  treated  with  chlorides  or  nitrates  of  the 
bases,  it  readily  forms  salts  which  are  usually  fairly  soluble.  Alkaloids  and  other 
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nitrogenous  organic  bases  give  coloured  precipitates  with  this  acid.  Alkali 
carbonates  break  down  the  salts  into  phosphatohemiheptadecatungstates  ; and 
with  strong  acids,  phosphatododecatungstates  may  be  formed. 

0.  W.  Gibbs  reported  ammonium  phosphatoenneatungstate,  2(NH4)20.P205. 
18W03.11H20,  to  remain  as  a white,  crystalline  mass,  when  ammonium  para- 
tungstate  is  boiled  with  a soln.  of  metaphosphoric  acid.  F.  Kehrmann  and 
co-workers  prepared  3(NH4)20.P205.18W03.14H20,  in  lemon-yellow,  triclinic 
prisms  isomorphous  with  the  potassium  salt,  as  indicated  above  in  connec- 
tion with  the  preparation  of  the  acid.  A.  Rosenheim  and  J.  Janicke  gave 
(NH4)3H2[P(0H)(W207)4-W20r(W207)4(H0)P]H2(NH4)3.llH20  for  the  formula. 
The  crystals  effloresce  in  dry  air,  and  in  consequence  of  partial  reduction  become 
greenish.  The  ammonium  salt  is  more  soluble  than  the  potassium  salt.  F.  Kehr- 
mann reported  sodium  phosphatoenneatungstate,  3Na20.P205.18W03.nH20,  to 
be  formed  in  soluble,  lemon-yellow,  six-sided  plates,  by  evaporating  a mixed  soln. 
of  sodium  tungstate  with  an  excess  of  phosphoric  acid ; or  by  adding  sodium 
sulphate  to  a soln.  of  the  barium  salt.  F.  Kehrmann  prepared  potassium 
phosphatoenneatungstate,  3K20.P205.18W03.14H20,  by  adding  potassium 
chloride  to  a soln.  of  the  acid.  A.  Rosenheim  and  J.  Janicke  represented  the 
formula  K3H2[P(0H)(W207)4-W207-(W207)4(0H)P]K3H2.11H20.  He  first  repre- 
sented the  formula  by  3K20.P205.16W03.16H20.  The  lemon-yellow,  triclinic 
crystals  were  found  by  C.  Stuhlmann  to  have  the  axial  ratios  a : b : c=0-6278  : 1 : 
09508,  and  a=80°  26',  /?=118°  34',  andy=81°  15'.  The  salt  is  freely  soluble  in 
water.  Like  the  ammonium  salt  it  is  decomposed  when  treated  with  potassium 
carbonate,  forming  the  phosphatohemiheptadecatungstate.  0.  W.  Gibbs  reported 
K20.P205.18W03.19H20  to  be  formed  as  a sparingly-soluble,  white,  crystalline 
mass  on  adding  an  excess  of  hydrochloric  acid  to  a soln.  of  the  normal  salt ; and  he 
obtained  prismatic  crystals  of  6K20.P205.18W03.23H20,  by  adding  alcohol  to 
a boiling  soln.  of  20  mols.  of  sodium  tungstate  and  2 mols.  of  sodium  hydrophosphate 
acidified  with  acetic  acid,  and  then  adding  potassium  chloride  to  an  eq.  soln.  of  the 
product.  If  the  salt  separates  from  cone.  soln.  it  has  30H20.  F.  Kehrmann 
obtained  emerald  green  plates  of  copper  phosphatoenneatungstate,  3CuO.P205. 
18W03.mH20,  easily  soluble  in  water.  If  a soln.  of  the  potassium  salt  is  treated 
with  silver  nitrate,  silver  phosphatoenneatungstate,  3Ag20.P205.18W03.14H20, 
is  precipitated.  A.  Rosenheim  and  J.  Janicke  represented  it  by  Ag3II2[P(OH)- 
(W207)4-W207-(W207)4(0H)P]H2Ag3.13H20 ; F.  Kehrmann  at  first  regarded  it 
as  3Ag2O.P2O5.16WO3.40H2O.  If  a 30  per  cent.  soln.  of  the  acid  be  treated  with 
5 to  6 molar  proportions  of  sodium  hydroxide,  a soluble  silver  salt,  a yellow 
flaky  precipitate  of  5Ag20.P205.18W03.34H20,  or  Ag5[P(OH)(W207)4-W2O7- 
(W207)4(0H)P]Ag5.34H20,  is  formed.  It  is  almost  insoluble  in  water.  F.  Kehr- 
mann at  first  regarded  it  as  5Ag20.P205.16W03.nH20.  The  corresponding 
guanidinium  salts  were  obtained  in  an  analogous  manner.  F.  Kehrmann  found  that 
barium  phosphatoenneatungstate,  3Ba0.P205.18W03.wH20,  separates  out  when 
barium  chloride  is  added  to  a cone.  soln.  of  the  acid.  The  pale  yellow  plates  are 
sparingly  soluble  in  water.  F.  Kehrmann  also  prepared  mercuric  phosphatoennea- 
tungstate, 3Hg0.P205.18W03.«H20,  freely  soluble  in  water ; lead  phosphato- 
enneatungstate, 3Pb0.P205.18W03.wH20,  in  six-sided  plates,  soluble  in  water. 

F.  Kehrmann  and  E.  Bohm  prepared  salts  of  phosphatohemiheptadecatungstic 
acid,  P205.17W03.nH20,  by  neutralizing  a 30  per  cent.  soln.  of  phosphatoennea- 
tungstic  acid  with  aq.  ammonia  or  potash-lye,  or  ammonium  or  potassium  hydro- 
carbonates, using  litmus  as  an  indicator.  The  yellow  colour  of  the  soln.  slowly 
disappears,  and,  in  the  case  of  ammonia,  white,  cubic,  or  tabular  crystals  of 
ammonium  phosphatohemiheptadecatungstate,  5(NH4)20.P205.17W03.16H20, 
separate  out.  The  salt  is  sparingly  soluble  in  cold  water,  and  when  the  aq.  soln. 
is  boiled  the  salt  is  decomposed  with  the  escape  of  ammonia.  The  salt  is  converted 
by  dil.  hydrochloric  acid  into  phosphatoenneatungstate  and  free  phosphoric  acid. 
F.  Kehrmann  seems  to  have  at  first  regarded  these  salts  as  phosphato-octotungstates. 
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By  using  a similar  process,  or  by  the  action  of  potassium  hydrocarbonate  on  potassium 
phosphatoenneatungstate,  F.  Kehrmann,  and  F.  Kehrmann  and  E.  Bohn  prepared 
potassium  phosphatohemiheptadecatungstate,  5K20.P205.17W03.21  or  22H20, 
in  white  plates,  sparingly  soluble  in  cold  water ; and  by  treating  the  potassium 
salt  with  a soln.  of  silver  nitrate  in  excess,  silver  phosphatohemiheptatungstate, 
5Ag2O.P2O5.17WO3.20H2O,  is  formed  in  yellow  plates.  The  salts  were  also  studied 
by  A.  Rosenheim  and  J.  Janicke,  but  neither  the  free  acid  nor  salts  of  a lower  basicity 
are  known. 

E.  Pechard  reported  phosphatoctotungstic  acid,  P205.16W03.69H20,  to  be 
formed  in  colourless,  cubic  octahedra  by  concentrating  in  vacuo  a soln.  of  meta- 
tungstic  and  phosphoric  acids  in  theoretical  proportions.  0.  W.  Gibbs  reported 
ammonium  phosphatoctotungstate,  6(NH4)2O.P2O5.16WO3.10H2O,  to  be  formed 
by  adding  ammonium  chloride  to  a boiling  soln.  of  sodium  paratungstate  in  phos- 
phoric acid.  The  prismatic  crystals  are  easily  soluble  in  hot  water,  and  the  hot 
soln.  deposits  crystals  of  the  salt  on  cooling.  0.  W.  Gibbs  also  prepared  colourless 
needles  of  potassium  phosphatoctotungstate,  4K20.P205.16W03.21H20,  in  colour- 
less needles,  soluble  in  hot  water ; he  reported  the  complex  salt  sodium  potassium 
phosphatoctotungstate,  2Na2O.3K2O.P2O5.16WO3.20H2O ; and  he  also  prepared  cal- 
cium phosphatoctotungstate,  Ca0.P205.16W03.8H20,  in  colourless,  soluble  plates. 
E.  Pechard  obtained  barium  phosphatoctotungstate,  2BaO.P2O5.16WO3.10H2O, 
by  evaporating  a soln.  of  2 eq.  of  barium  carbonate  in  the  free  acid..  The 
regular  octahedra  are  freely  soluble  in  water,  and  insoluble  in  alcohol.  F.  Kehr- 
mann reported  insoluble  mercurous  phosphatoctotungstate,  3Hg20.P205.16W03. 
wH20  ; and  lead  phosphatoctotungstate,  5 P b 0 . P 2 0 5 . 1 6 W 0 3 . r< H 2 0 , as  a yellow 
insoluble  powder,  and  3Pb0.P205.16W03.«H20  in  yellow  prisms  or  needles; 
soluble  in  water  ; and  with  an  excess  of  water  forming  a basic  salt.  F.  Kehr- 
mann also  reported  P205.16W03.41H20,  as  well  as  the  phosphatoctotungstates 
of  ammonium,  potassium,  and  silver  salts,  but  improved  analytical  methods 
showed  that  the  products  were  phosphatohemiheptadecatungstates,  or  phosphato- 
enneatungstates. 

E.  Pechard  found  that  phosphatohexatungstic  acid,  P205.12W03.42H20,  is  the 
most  easily  prepared  of  all  the  phosphotungstic  acids.  It  is  obtained  by  concentrat- 
ing in  vacuo  a soln.  of  metatungstic  and  phosphoric  acids  in  theoretical  proportions. 
The  triclinic,  pinacoidal  crystals  were  found  by  E.  Dufet  to  have  the  axial  ratios 
a : h : c=0-9916  : 1 : 1-5931,  and  a=90°  6',  £=97°  53£',  and  y=84°  254'.  The 
(llO)-cleavage  is  marked.  The  crystals  do  not  effloresce  in  air  ; and  are  soluble 
in  water  and  alcohol.  Warm  acids  decompose  the  acid  liberating  tungstic  acid  ; 
and  with  bases,  it  forms  salts.  An  excess  of  alkali  decomposes  the  salts  forming 
a tungstate  and  a phosphate.  The  salts  are  prepared  by-  treating  the  acid  with 
a carbonate  of  the  base,  or  by  the  action  of  metatungstic  acid  on  a phosphate. 
E.  Pechard  said  that  ammonium  phosphatohexatungstate,  2(NH4)20.P205.12W03. 
5H20,  is  insoluble  in  cold  water,  an  excess  of  aq.  ammonia  converts  it  into 
ammonium  paratungstate.  A soln.  of  the  acid  treated  with  2 eq.  of  lithium  car- 
bonate furnishes  trigonal  crystals  of  lithium  phosphatohexatungstate,  2Li20.P205. 
12W03.21H20.  The  triclinic  pinacoids  of  sodium  phosphatohexatungstate, 
2Na20.P205.12W03.18H20,  were  obtained  in  a similar  manner.  E.  Dufet  found 
that  the  crystals  have  imperfect  (1  ID)-,  and  (OOl)-cleavages.  The  crystals  effloresce 
slowly  in  air.  The  salt  is  soluble  in  water,  and  is  precipitated  from  its  aq.  soln. 
by  alcohol.  Cone,  hydrochloric  acid  gives  a white  crystalline  precipitate.  If 
hydrochloric  acid  be  left  in  contact  with  the  salt,  or  if  the  salt  be  treated  with  warm 
acid,  it  is  decomposed.  White,  insoluble  potassium  phosphatohexatungstate, 
K20.Po05.12W03.9H20,  was  prepared  in  a similar  manner.  E.  Pechard  also 
prepared  green,  trigonal  crystals  of  copper  phosphatohexatungstate,  2Cu0.P205. 
12W03.11H20,  which  E.  Dufet  found  had  the  axial  ratio  a : c=l  : 2-6534,  and 
a=56°  30'.  E.  Pochard  obtained  silver  phosphatohexatungstate,  Ag20.P205. 
12W03.8H20,  as  a white  insoluble  precipitate  stable  in  light;  trigonal  crystals 
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of  calcium  phosphatohexatungstate,  2Ca0.P205.12W03.19H20,  which  rapidly 
effloresce  in  air,  and  are  insoluble  in  alcohol.  E.  Dufet  gave  for  the  axial  ratio 
a : c— 1 : 2-6759,  and  a=56°  8'.  E.  Pechard  prepared  trigonal  crystals  of  barium 
phosphatohexatungstate,  2Ba0.P205.12W03.15H20,  which,  according  to  E.  Dufet, 
have  the  axial  ratio  a : c= 1 : 2-6839,  and  a=56°  1'.  The  salt  effloresces  rapidly 
in  air  ; it  is  stable  in  water  ; and  is  precipitated  by  alcohol  from  its  aq.  soln.  The 
trigonal  crystals  of  magnesium  phosphatohexatungstate,  2Mg0.P205.12W03. 
10H20,  prepared  by  E.  Pechard  were  found  by  E.  Dufet  to  have  the  axial  ratio 
a : c=l  : 2-6523,  and  a=56°  23'.  E.  Pechard  also  prepared  trigonal  crystals  of 
zinc  phosphatohexatungstate,  2Zn0.P205.12W03.7H20 ; sparingly  soluble  cad- 
mium phosphatohexatungstate,  2Cd0.P205.12W03.13H20 ; and  yellow,  mercurous 
phosphatohexatungstate,  Hg20.P205.12W03.nH20,  insoluble  in  nitric  acid. 

E.  Pechard  obtained  a white  precipitate  of  thallous  phosphatohexatungstate  by 
the  action  of  metaphosphoric  and  tungstic  acids  on  thallous  carbonate.  ' White, 
insoluble  needles  of  lead  phosphatohexatungstate,  2PbO.P2O5.i2WO3.6lDO,  were 
prepared. 

According  to  F.  Kehrmann  and  R.  Mellet,  when  a very  cone.  soln.  of  a mixture 
of  sodium  tungstate  and  phosphate  is  faintly  acidified  with  acetic  acid,  and  allowed 
to  stand  a few  days,  a mass  of  crystals  is  formed.  When  washed  with  cold  water, 
there  remains  a sparingly-soluble  sodium  phosphatotungstatc,  14Na20.5P205.19W03. 
nH20,  or  29Na20.10P2b5.39W03.?iH20.  The  soluble  portion  contains  a phos- 
phatotritungstate — vide  infra.  0.  W.  Gibbs  reported  a complex  sodium  potassium 
phosphalolungstate,  7Na20.11K20.6P205.22W03.42H20. 

0.  W.  Gibbs  reported  sodium  phosphatohemiheptatungstate,  5Na20.2P205. 
14W03.42H20,  to  be  formed  by  boiling  sodium  paratungstate  with  less  than  half  its 
weight  of  syrupy  phosphoric  acid.  Colourless,  prismatic  crystals  are  deposited 
in  a few  days.  The  salt  may  be  a mixture.  F.  Kehrmann  reported  3Na20.P205. 
7W03.«H20  to  be  formed  by  the  action  of  a cold  sat.  soln.  of  sodium  tungstate  on 
aq.  phosphoric  acid,  and  allowing  the  acid  liquid  to  stand  for  a month  at  ordinary 
temp.  C.  Scheibler  reported  crystals  of  sodium  phosphotungstate,  Na5HnP2W603]. 
13H20,  to  be  formed  by  dissolving  sodium  paratungstate  in  water,  adding  half 
its  weight  of  phosphoric  acid,  and  allowing  the  mixture  to  stand  for  some  time. 

F.  Kehrmann  and  R.  Mellet  showed  that  the  salt  is  really  a sodium  phosphato- 
hemiheptatungstate, 3Na20.P205.7W03.nH20.  F.  Kehrmann  treated  a soln. 
of  this  salt  with  ammonium  chloride  for  a number  of  times  in  the  cold,  and  obtained 
ammonium  phosphatohemiheptatungstate,  3(NH4)20.P205.7W03.hH20,  in  cubic 
crystals  which  are  deposited  when  the  aq.  soln.  is  treated  with  alcohol.  The  salt  is 
sparingly  soluble  in  cold  water  without  decomposition,  but  with  boiling  water, 
ammonia  is  evolved.  The  aq.  soln.  with  a calcium  salt  gives  after  standing  some  time 
a sparingly-soluble,  crystalline  ammonium  calcium  phosphatohemiheptatungstate ; 
with  barium  chloride,  sparingly  soluble  barium  phosphatohemiheptatungstate  is 
precipitated.  C.  Scheibler  prepared  barium  phosphatohemiheptatungstate  by  the 
action  of  barium  chloride  on  the  sodium  salt  which  he  prepared.  F.  Kehrmann 
found  that  a soln.  of  ammonium  or  sodium  phosphatohemiheptatungstate  with 
silver  nitrate,  furnishes  white  insoluble  silver  phosphatohemiheptatungstate.  It 
dissolves  in  a soln.  of  the  ammonium  salt  forming  ammonium  silver  phosphato- 
hemiheptatungstate. 

F.  Kehrmann  and  R.  Mellet  did  not  succeed  in  preparing  phosphatotritungstic 
acid,  but,  as  indicated  above,  they  found  that  the  aq.  filtrate  obtained  from  sodium 
phosphatotetratungstate  contains  a salt  which  when  crystallized  out  consists 
of  sodium  phosphatotritungstate,  3Na20.P205.6W03.16H20.  It  is  best  obtained 
by  the  slow  crystallization  of  an  aq.  soln.  of  3 mols.  of  sodium  tungstate,  and  a mol. 
of  sodium  hydrophosphate  neutralized  with  acetic  acid.  The  salt  was  purified  by 
recrystallization  from  water.  It  forms  aggregates  of  white,  striated  prisms,  and 
contains  3 mols.  of  water  of  constitution.  The  potassium  salt  could  not  be  prepared 
directly  from  its  constituents  ; but  when  a soln.  of  the  sodium  salt  is  treated 
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with  potassium  chloride,  prismatic  needles  of  potassium  phosphatotritungstate, 
3K20.P205.6W03.14H20,  are  formed;  and  if  ammonium  chloride  is  used,  stout 
prisms  of  ammonium  phosphatotritungstate,  3(NH4)20.P205.6W03.9H20,  are 
formed. 

0.  W.  Gibbs  prepared  a series  of  pyrophosphatotungstates  by  boiling  tungstic 
acid  with  an  alkali  pyrophosphate.  The  phosphoric  acid  can  be  separated  from 
the  salts  only  by  boiling  them  repeatedly  with  hydrochloric  acid.  White,  granular 
potassium  pyrophosphatotungstate,  18K20.9P205.22W03.49H20,  was  so  obtained  ; 
and  ammonium  sodium  pyrophosphatotungstate,  14(NH4)20.6Na20.9P205.22W03. 
31H20,  as  a white,  crystalline  precipitate  easily  soluble  in  hot  water.  The  potas- 
sium salt  when  treated  with  copper  sulphate  furnishes  copper  pyrophosphato- 
tungstate, or  a double  salt ; while  mercurous  nitrate  with  the  potassium  or  sodium 
ammonium  salt  gives  a yellow  or  white  crystalline  precipitate  of  mercurous  pyro- 
phosphatotungstate. A mixed  soln.  of  sodium  paratungstate  and  manganese 
pyrophosphate  on  evaporation  yields  orange-brown  crystals  of  sodium  manganese 
pyrophosphatotungstate,  6Na20.3Mn0.P205.14W03.36H20  ; and  when  this  salt 
is  treated  with  ammonium  chloride  it  furnishes  orange  prisms  of  ammonium  sodium 
manganese  pyrophosphatotungstate,  5(NH4)20.2Na20.6Mn0.2P205.14W03,  which 
are  soluble  in  cold  and  hot  water. 
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pentafluodioxytungstate,  839 

phosphatohemipentamolybd  ate, 

669 

tellurite,  79 

— - tungstate,  782 

tungsten  tetramminoenneaehlo- 

ride,  842 

cupric  dichromate,  339 

decamolybdate,  597 

— - — - enneadecahydrate,  597 

diarsenatotellurate,  96 

dichromate,  323 

dichromyl  tetrafluochromate,  365 

difluotellurate,  109 

dihydrophosphatohemip  entamoly  fo- 
late, 668 

— heptadecahydrato,  668 

lieptahydrate,  668 

— ' — dihydrophosphatomolybdate,  671 

dihydrothoridodecamolybdates,  601 

dimercuriammonium  cliromate,  284 

dimOlybdate,  580 

dimolybditetramolybdate,  531 

— : — diinolybditotetramolybdate,  593 

dioxydisulphomolybdate,  654 

dioxydisulphotungstate,  861 

dioxypentafluomolybdate,  614 

dioxytetrafluomolybdate,  613 

dioxytrifluoride,  613 

diperchromates,  357 

diphosphatotellurate,  120 

diplatinic  triacontatungstate,  803 

— - — disulphatochromate,  452 

ditelluratohexamolybdate,  97 

ferric  chromate,  309 

chromium  sulphate,  463 

dodecamolybdate,  602 

— — dodecatungstate,  832 

— paratungstate,  820 

pentadecaoxysexieschromate,  310 

— — sulphate,  83 1 

fluochromate,  365 


Ammonium  gold  amminophosphatomolyb 
date,  671 

heptahydrodecamolybdate,  595 

lieptahydrate,  595 

hexabromotellurite,  109 

hexachlorotellurite,  102 

hexachromate,  352 

hexadecatungstate,  832 

hexaiodotellurite,  106- 

hexamolybdate,  594 

■ — — hexatungstate,  829 

hexoxyhenafluomolybdate,  614 

hydroheptamolybdate,  594 

hydrophosphatodimolybdate,  670 

hemipentahydrate,  670 

hydropyrotellurate,  89 

hydrostannidodecamolybdate,  601 

hydrotellurate,  89 

hydrotelluride,  40 

hydrotetroxy  trisulphodi  molybdate 

655 

hydroxylamine  paramolybdato,  552 

hydroxylamine  tungstate,  773 

hypomolybdatomolybdate,  604 

isotungstate,  773 

lanthanous  molybdate,  587 

lanthanum  hexachromate,  287 

— — tungstate,  790 

— — lead  chromate,  304 

— phosphatopentadecamoly  bdate 

671 

lithium  chromate,  244 

magnesium  chromate,  275 

molybdate,  562 

— — paratungstate,  818 

— - — - telluride,  50 

manganic  dodecamolybdate,  602 

molybdate,  572 

paratungstate,  820 

tridecamolybdate,  602 

tungstate,  797 

■ manganous  chromate,  309 

• — decamolybdate,  598 

dihydrophosphatohemipenta  m o 

lybdate,  669 

— — - — — dodecamolybdate,  602 
— — - — — molybdate,  57 1 

• — - — • permanganitomolybdate,  573 

phosphatohemipentamolybd  ate 

669 

pyrophosphatomolybdate,  671 

trischromate,  309 

mercuric  tungstate,  788 

mercurous  alurninotungstate,  789 

metatungstate,  821 

hexahydrate,  821 

tetrahydrate,  821 

— - — molybdate,  551 

molybdatosulphate,  658 

molybdatotrisulphate,  658 

molybdenum  amminopentach  1 o r i d e 

622 

- — — — ■ chloride,  629 

dioxytetrachloride,  632 

: — enneafluoride,  610 

- — hemipentoxide,  532 

heptachloride,  621 

hexachloride,  621 

— - oxypentabromide,  637 

pentabromide,  635 
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Ammonium  molybdenum  pentachloride, 
621 

tetraehlorotetrabromide,  640 

tetrachlorotetraiodide,  640 

tetradecachloride,  623 

tetrafluoride,  609 

— - — trioxytetradecafluoride,  611 

tungstate,  796 

molybdenyl  pentabromide,  637 

— — pentachloride,  629 

molybditetramolybdate,  533 

molybdosic  sulphates,  657 

molybdous  heptachloride,  619 

octochloride,  618 

monoperditungstate,  834 

neodymium  molybdate,  '587 

— - — nickel  chromate,  313 

diamminochromate,  313 

dihydrophosphatohemipenta  mo- 
lybdate, 670 

dihydroxyquatercbromate,  313 

phosphatohemipentamolybdate, 

670 

nickelic  tridecamolybdate,  602 

— — tungstate,  802 

nickelous  decamolybdate,  598 

diamminomolybdate,  576 

enneamolybdate,  597 

henitricontamolybdate,  604 

hexadecamolybdate,  603,  604 

tetratricontamolybdate,  604 

nitratometatungstate,  814,  861 

octomolybdate,  595 

— — - octotungstate,  830 

oxalatotriamminochromate,  409 

oxychromate,  241 

oxydimorcuriammonium  dichromate, 

342 

oxypentachlorotungstate,  849 

oxypentafluomolybdate,  611 

paramolybdate,  583 

dodecahydrate,  583 

—  tetrahydrate,  583 

parasulphomolybdate,  65 1 

paratungstate,  812 

henahydrate,  812 

— heptahydrate,  813 

—  — hexahydrate,  813 

pentahydrate,  812 

pentabromotungstite,  854 

pentafluotellurite,  98 

pentahydrotrimolybdate,  594 

pentahydrate,  594 

— — ■ pentamolybdate,  593 

pentatungstate,  828 

perchromate,  356 

perdichromates,  359 

perdisulphomolybdate,  654 

permanganitomolybdates,  572,  573 

permanganous  octomolybdate,  597 

permolybdate,  607 

permonosulphomolybdate,  653 

pemickelic  enneamolybdate,  597 

perparamolybdate,  608 

phosphatoctomolybdate,  667 

phosphatodecamolybdate,  664 

phosphatododecamolybdate,  662 

- — — - phosphatododecatungstate,  866 

phosphatoenneamolybdate,  666 

— — phosphatoenneatungstate,  871 


Ammonium  phosphatohemihenicositung- 
state,  869 

— — — phosphatohemiheptadecamol  y b d a t e, 
667 

pliosphatohemiheptadec atungstate, 

871 

— - — - phosphatohemiheptatung8tate,  873 
— — phosphatohenamolybdate,  664 

phosphatohenatungstate,  868 

phosphatoheptamolybdate,  667 

phosphatohexamolybdate,  667 

— - — ■ phosphatohexatungstate,  872 

phosphatotetrachromate,  482 

phosphatotetramolybdate,  667 

phosphatotritungstate,  874 

potassium  chromate,  257 

chromium  sulphate,  463 

manganous  permanganitomolyb- 

date,  573 

permanganitomolybdate,  573 

praseodymium  molybdate,  587 

— — — tungstate,  791 

pyrotellurite,  77 

rhodic  dodecamolybdatc,  603,  604 

— — • samarium  molybdate,  587 
— - — silver  aluminotungstate,  789 

— — - chromate,  267 

phosphatohemiheptatu  n g s t a t e, 

873 

— — sodium  chromate,  249 

—  decatungstate,  831 

— - — 3 : 1 -decatungstate,  831 

— - gold  pyrophosphatohemihenamo- 

lybdate,  671 

hexadecatungstate,  832 

manganese  pyrophosphatotung- 

state,  874 

manganic  tridecamolybdate, 

602 

— - — - 1 : 3-metatungstate,  824 

octotungstate,  830 

■ 1 : 3-paratungstate,  8 1 6 

— — 3 : 2-paratungstate,  816 

— 4 : 1 -paratungstate,  816 

heptahydrate,  816 

pentahydrate,  816 

tridecahydrate,  816 

3 : 2-pentadecatungstate,  832 

—  4 : 2-pentadecatungstate,  832 

— phosphatohemiheptadecamol  y fa- 
date,  607 

phosphatomolybdate,  663 

pyrophosphat.otungstate,  874 

stannic  phosphatohenatungstate,  868 

— — phosphatoliexitetradec  a m o 1 y fa- 
date,  670 

stannidodecamolybdate,  601 

strontium  chrothate,  27 1 

— sulphatotellurite,  118 

sulphomolybdate,  650 

sulphotellurite,  113 

sulphotungstate,  858 

sulphovanadatomolybdate,  652 

tellurate,  89 

tellurite,  77 

telluratohexamolybdate,  97 

tetrachlorotellurite,  100 

tetrachromate,  351,  352 

tetrafluodioxy tungstate,  838 

— tetrahydrate,  834 
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Ammonium  tetra hydroxylaminotetra- 
molybdate,  592 

tetramolybdate,  591 

thoridodecamolybdates,  601 

titanidodecamolybdate,  600 

• titanium  chromate,  288 

triarsenatotellurate,  96 

trichromate,  349 

trifluodioxytungstate,  838 

trifluotrioxy tungstate,  839 

trihydroheptamolybdate,  594 

trihydrophosphatohemipe  ntamolyb- 

date,  668 

— hemitridecahydrate,  669 

— ■ — hexahydrate,  668 

tetrahydrate,  668 

trimolybdate',  588 

trioxydifluomolybdate,  612 

trioxypentafluomolybdate,  615 

trioxytrifluomolybdate,  613 

triperchromates,  356 

triphosphatotellurate,  120 

trisulphatochromiate,  464 

trisulphomolybdate,  651 

tritungstate,  810 

tungstate,  773 

tungsten  tetrafluoride,  837 

uranium  tungstate,  797 

uranyl  chromate,  308 

hexahydrate,  308 

trihydrate,  308 

zinc  chromate,  279 

diamminobischromate,  280 

paramolybdate,  586 

paratungstate,  819 

— triamminosexichromate,  280 

zirconidodecamolybdate,  601 

zirconium  tungstate,  791 

Aniline  ceric  dodecamolybdate,  600 

hydrochloride,  831 

Antamokite,  2,  49 
Antimonatotungstates,  795 
Antimony  molybdates,  570 

oxychromite,  201 

tellurate,  97 

telluride,  59 

tetroxybischromate,  305 

tungstates,  795 

Aquopentammines,  401 
Argent  molybdique,  60 
Arsenic  molybdates,  570 

octodecatungstic  acid,  832 

sulphomolybdates,  652 

sulpho  tellurite,  114 

tellurate,  96 

tellurido,  58 

Arsenotellurite,  2,  114 
Auric  telluride,  49 
Aurotellurite,  1 
Aurum  bismuticum,  1 

graphicum,  1,  47 

gulena,  1 14 

paradoxum,  1 


B 

Barium  aluminium  oxydodecamolybdate, 
600 

aluininotungstate,  789 


Barium  ammonium  aluminium  oxydodeca- 
molybdate, 600 

r chromate,  274 

chromidodecamolybdate,  602 

eobaltic?  decamolybdate,  575 

— paramolybdate,  586 

— - phosphatomolybdate,  663 

calcium  chromate,  274 

chlorochromate,  398 

chlorochromatochloride,  398 

— - hydrate,  398 

chromate,  199,  271 

chromatosulphate,  450 

chromidioxydodecamolybdate,  602 

chromioxydodecamolybdate,  601 

eobaltic  enneamolybdate,  575 

dichromate,  341 

dihydrate,  341 

diplatinic  triacontatungstate,  803 

ditungstate,  810 

enneamolybdate,  597 

ferric  tungstate,  801 

hydrophosphatododecatungstate,  867 

dotessaracontahydrate,  867 

tetrapentecontahydrate,  867 

tetratessaracontahydrate,  867 

hydropyrotellurate,  93 

hydropyrotellurite,  80 

hydrotellurate,  93 

lanthanum  tungstate,  791 

lead  chromates,  304 

manganic  dodecamolybdate,  602 

mercuric  phosphatohenatungstate,  868 

metatungstate,  825 

molybdate,  561 

molybdenum  hemipentoxide,  532 

neodymium  tungstate,  791 

nickelic  tungstate,  802 

nitratometatungstate,  862 

octochromite,  199 

octomolybdate,  596 

octotungstate,  830 

orthosulphodimolybdate,  652 

paramolybdate,  586 

— - — - decosihydrate,  586 

— - dodecahydrate,<586 

hexahydrate,  586 

paratungstate,  818 

octohydrate,  818 

pentafluotellurite,  98 

— — - perdichromate,  359 

perditungstate,  835 

permanganitomolybdate,  573 

permolybdate,  608 

permonosulphomolybdate,  653 

pernickelic  enneamolybdate,  597 

phosphatoctotungstate,  872 

phosphatodecatungstate,  870 

phosphatododecamolybdate,  663 

phosphatoenneatungstate,  87 1 

phosphatohemiheptatungstate,  873 

- — — phosphatohenatungstate,  868 
- — - — - phosphatohexatungstate,  873 

phosphatohexitatetradecamoly  b date, 

670 

platinic  molybdate,  576 

potassium  chromate,  273 

chromidodecamolybdate,  602 

phosphatohenatungstate,  868 

trichromate,  351 
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Barium  praseodymium  tungstate,  791 

silver  metatungstate,  826 

— — phosphatododecatungstate,  867 

— — phosphatohenatungstate,  868 

sodium  paratungstate,  818 

phosphatododecatungstate,  867 

strontium  chromate,  274 

sulphomolybdate,  652 

sulphotellurite,  113 

sulphotrimolybdate,  652 

■ sulphotungstate,  859 

tellurate,  93 

— — telluride,  50 
tellurite,  80 

— — ■ tetracetochlorochromate,  398 
— — tetramolybdate,  593 

tetratellurite,  80 

trimolybdate,  589 

tritungstate,  811 

— ■ hexahydrate,  811 

— tetrahydrate,  811 

tungstate,  786 

dihydrate,  786 

hemihydrate,  786 

hemipentrfihydrate,  786 

tetrahydrate,  786 

Basic  rbodo-salts,  408 
Belonosite,  488,  561 
Benzidine  hydrochloride,  83 1 
Benzoyl  telluride,  42 
Beresovite,  125,  473 
Beresowite,  125,  473 
Berezovite,  473 
Beryllium,  522 

chlorotungstates,  852 

chromate,  274 

chromite,  199 

chromium  pentacliloride,  419 

dimolybdate,  581 

dodecahydroxychromate,  274 

metatungstate,  826 

molybdate,  561 

dihydrate,  561 

— — - nitratometatungstate,  862 

oxymolybdate,  561 

oxynitratomolybdate,  659 

sulphomolybdate,'  652 

sulphotungstate,  859 

tellurate,  94 

telluride,  50 

tellurite,  80 

tungstate,  787 

Bisethylenediaminopropvlenediamines,  40 1 
Bismuth  ammonium  molybdate,  570 

— — ■ tungstate,  795 

chromate,  305 

dioxymolybdate,  570 

ditungstate,  810 

hydroxychromate,  306,  343 

liydroxydichromate,  306 

mercurous  tungstate,  795 

molybdate,  570 

orthotellurate,  97 

oxychromite,  201 

permonosulphomolybdate,  653 

potassium  chromate,  305 

hydroxydichromate,  343 

tungstate,  795 

strontium  tungstate,  795 

sulphod it e 1 luride,  60 


Bismuth  sulphoditellurite,  114 

sulphomolybdate,  652 

sulphotellurite,  114 

sulphotungstate,  859 

tellurate,  97 

telluride,  60 

tellurium  glance,  2 

trisulphotelluride,  61 

tungstate,  795 

uranyl  chromate,  308 

Bismuthyl  chrofnate,  305 

dichromate,  306,  343 

hydroxydichromate,  343 

molybdate,  570 

orthochromate,  305 

paradichromate,  305 

potassium  diehromate,  343 

quaterochromate,  306,  343 

Blattertellur,  114 
Blanc  d’Offenbanya,  1 
Blattererz,  1,  47 
Blattertellur,  1 
Blue  carmine,  765 
Blyertz,  484 
Bornine,  60 
Boron  telluride,  53 
Borotungstates,  789 

Bromic  bromoaquotetramminosulphate,  466 
Bromoaquobisethylenediamines,  404 
Bromoaquotetrammines,  404 
Bromodiaquotriammines,  403,  404 
Bromopentammines,  404 
Bromo  tellurites,  104 


C 

Cadmium  amminochromate,  280 

ammonium  amminoquadricliromate, 

280 

— diamminochromate,  280 

diamminomolybdate,  563 

— — dihydroxyquadrichromate,  280 

— paramolybdate,  587 

paratungstate,  819 

' — phosphatotetrit  aenneamolyb- 

date,  670 

■ tungsten  tetramminoenneaehlo- 

ride,  842 

chromate,  280 

dihydrate,  280 

— chromite,  200 

chromium  alloy,  171 

dioxytetrafluomolybdate,  614 

hemiamminochromate,  280 

metatungstate,  826 

molybdate,  562 

molybdenum  alloys,  523 

octomolybdate,  597 

orthodisulphomolybdate,  652 

oxychromate,  280 

paratungstate,  819 

pentamminochromate,  280 

permonosulphomolybdate,  653 

phosphatohemipentamolybdate,  669 

phosphatohexatungstate,  873 

potassium  chromates,  281 

diehromate,  341 

tungsten  tetramminoenneachlo- 

ride,  842 
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Cadminum  salts,  602 

sodium  paratungstate,  819 

— sulphate,  831 

sulphochromite,  433 

sulphomolybdate,  652 

• sulphotellurite,  113 

sulpho tungstate,  859 

tellurate,  94 

telluride,  51 

tellurite,  80 

tetrafluodioxytungstate,  839 

tetramminochromate,  280 

trichromate,  351 

— — trioxybischromate,  280 

tritungstate,  811 

tungstate,  788 

Caesium  chromate,  259 

chromium  monohydrate,  419 

oxy  pentachloride*  391 

pentacldoride,  419 

sulphate,  463 

tetrachloride,  419 

tetrahydrate,  419 

chromous  sulphate,  435 

cobaltous  chromate,  312 

dichromate,  339 

disulphatochromiate,  463 

liexabromotellurite,  105 

liexachlorotellurite,  102 

hexadecamolybdate,  603 

liexaiodotellurite,  106 

hydrotellurate,  92 

magnesium  chromate,  277 

molybdate,  558 

molybdenum  dioxytetrachloride,  632 

dioxytrichloride,  632 

hexachloride,  622 

— — pentabromide,  635 

pentachloride,  622 

molybdenyl  pentabromide,  637 

— — pentachloride,  630 

nickel  chromate,  313 

octomolybdate,  596 

oxypentaclilorotungstite,  849 

paramolybdate,  586 

pentabromotungstite,  854 

- — — pentafluotellurite,  98 

perdecamolybdate,  609 

perdisulphomolybdate,  654 

■ perdodecatungstate,  836 

perparatungstate,  836 

pertetramolybdate,  609 

phosphatoheptadecamolybdate,  667 

phosphatotrimolybdate,  667 

sulphomolybdate,  652 

tetramolybdate,  593 

dihydrate,  593 

trihydrate,  593 

tricliromate,  350 

trimolybdate,  589 

trimolybdenum  dioxyheptachloride, 

632 

trioxytetrafiuoperinolybdate,  615 

tungsten  enneachloride,  842 

Cal,  673 

Calaverite,  2,  48 

Calcium  ammonium  chromate,  270 
paramolybdate,  586 
phosphatohemiheptatungstate. 


Calcium  barium  chromate,  274 

chlorochromate,  398 

chromate,  267 

chromatosulphate;  450 

chromite,  198 

copper  tungstate,  818 

decatungstate,  832 

dichromate,  340,  341 

dichromito&ischromate,  269 

dichromitochromate,  269 

dichromitoyucderchromate,  269 

dichromitoaeaheachromate,  269 

diehromitoiriachromate,  269 

ditungstate,  810 

trihydrate,  810 

dodecamolybdate,  599 

hexachromito&i'achromate,  269 

iodatachromate,  270 

— — lead  chromates,  304 

molybdate,  566,  569 

phosphatomolybdate,  671 

metatungstate,  825 

molybdate,  560 

molybdenum  oxvtetrabromide,  638 

octomolybdate,  596 

— — oxydzachromate,  269 

oxychromate,  269 

oxychromite,  198 

oxytrichromate,  351 

paratungstate,  818 

perchromate,  359 

perdichromate,  359 

perhexatungstate,  836 

permonosulphomolybdate,  653 

phosphatoctotungstate,  872 

phosphatodecatungstate,  870 

phosphatohexatungstate,  873 

potassium  chromate,  269 

dihydrate,  269 

monohydrate,  269 

pliosphatohemipentamolybd  ate, 

669 

quinquemonochromate,  270 

hemiheptaliydrate,  270 

seximonochromate,  270 

sulphatochromates,  269 

pyrotellurite,  80 

sodium  paratungstate,  818 

sulphomolybdate,  652 

-sulphotellurite,  113 

eulphotrimolybdate,  652 

tellurate,  93 

telluride,  49 

tellurite,  80 

tetrachromate,  352 

tetrachromitoehromite,  269 

tetramolybdate,  593 

trimolybdate,  589 

trioxychromite,  1 98 

— tri tungstate,  811 

— — tungstate,  783 
Caliche  azufrado,  249 

I Call,  673 

I Carbon  ditelluride  54 

sulphotelluride,  111 

Ceric  ammonium  dihydroetodecamolybdate, 
600 

dodecamolybdate,  600 

aniline  dodecamolybdate,  600 

decachromite,  200 
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Ceric  dichromite,  200 

heptitoctochromito,  200 

molybdate,  564 

octodecachromite,  201 

pentitadichromite,  200 

silver  dodecamolybdate,  600 

sodium  dodecamolybdate,  600 

— — tetrachromite,  200 

tritoctochromite,  200 

Ceriododecamolybdates,  600 
Cerium  chlorotungstates,  ’852 
Cerosic  molybdate,  564 
Cerous  ammonium  molybdate,  587 

tungstate,  790 

chromate,  286 

metatungstate,  826 

molybdate,  563,  564 

paratungstate,  819 

sodium  tungstate,  790 

sulphotungstate,  859 

tellurate,  96 

— - — tungstate,  789 
Cherzolite,  199 
Chillagite,  678,  793 
Chlorine,  368 

Chloroaquomolybdous  acid,  617 
Chloroaquotetrammines,  403 
Chloroaquotungstous  acid,  841 

dihydrrte,  841 

monohydrate,  841 

Chlorochromates,  397 
Chlorochromic  acid,  397 

oxide,  397 

Chlorodiaquotriammines,  403 
Chloromolybdates,  634 
Chloropentammines,  403 
Chloropentamminodiiodide  chromic  mer- 

curiiodide,  428 
Chloropentaquo-salts,  403 
Chromates,  240 
Chromatocobaltammines,  312 
Chromatoglaserite,  258 
Chromatomolybdates,  571 
Chromatosulphuric  acid,  449 
Chrome- brown,  309 

iron  ore,  123 

— — - ochres,  185 

ore,  123 

red,  283  • 

spinel,  199 

tin  pink,  290 

Chromic  acid,  211,  213,  240 
(di)ehromic  ammines,  407 
(tri)chromic  ammines,  408 
Chromic  ammonium  chloropontaquodichlo- 
rosulphate,  468 

—  chloropentaquodisulphate,  468 

chloropentaquosulpha  t o li  y d r o- 

sulphate,  468 

dichloro-hydrosulphatotri  sul- 
phate, 469 

dichlorotetraqu  ochlorotrisul- 

phate,  469 

dichlorotetraquodisulphate,  468 

heptamminoctonitrate,  409,  478 

hexachloride,  417,  418 

—  hexahydrate,  418 

monohydratc,  418 

pentachloride,  418 

trichlorodisulphate,  468 
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Chromic  anhydride,  211 

aquoehlorotetramminoeliromate,  306 

aquochlorotetramminod  ichlorotris- 

mercurichloride,  419 

aquopentamminohydrotet  ranitrate, 

476 

- — - — - aquopentamminosulphate,  465 
- — — aquopentamminotribromidc,  423 

aquopentamminotrichloride,  411 

aquopentamminotrichlorotrismercu  r i- 

chloride,  419 

aquopentamminotrifluoride,  363 

aquopentamminotriiodide,  427 

aquopentamminotrinitrate,  477 

bisethylenediaminopropylenediamin  o- 

tribromide,  423 

bisethylenediaminopropylenediami  n o- 

triiodide,  427 

bromide,  421 

hexahydrate,  422 

octohydrate,  421 

bromoaquobisethylenediamin  o d i b r o- 

mide,  424 

— — - bromoaquotetramminodibromide,  424 

bromoaquotetramminodichloride,  414 

bromodiaquotriamminodibromide,  424 

bromodiaquotriamminodichloride,  424 

bromodiaquotriamminosulphate,  466 

bromopentamminochromate,  307 

bromopentamminodibromide,  424 

bromopentamminodichloride,  424 

bromopentamminodinitrate,  477 

bromopentaquosulphate,  466 

chloride,  371 

complex  salts,  410 

decahydrate,  377 

hemihydrate,  374 

— hemitrihydrate,  374 

— — ■ hexahydrate,  375 

blue,  381 

dark  green,  375 

greyish  blue,  381 

pale  green,  376 

— violet,  381 

tetraliydrate,  374 

chlorides,  hydrated,  374 

chloroaquotetramminodibromide,  424 

chloroaquotetramminodiohloride,  413 

chloroaquotetramminodiiodide,  428 

chloroaquotetramminodinitrate,  477 

ehloroaquotetramminosulpliate,  466 

chlorodiaquotriamminodichloride,  415 

chlorodiaquotriamminosulphate,  466 

chlorodichromate,  343 

chloropentamminochromate,  306 

chloropentamminodibromide,  424 

ehloropentamminodibrom omercuri- 

bromide,  425 

chloropentamminodichloride,  412 

chloropentamminodichlorotrismercuri- 

chloride,  419 

chloropentamminodiiodide,  428 

chloropentamminodiiodide  mercuri- 

iodide,  428 

chloropentamminodinitrate,  477 

chloropentamminohydrosulphate,  466 

chloropentamminopentasulphide,  431 

chloropentaquodichloride,  377,  414 

— — - — — ■ hydrate,  377 
- — — - chloropentaquosulphate,  466,  467 
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Chromic  chlorosulphate  (green),  467 

hexahydrate,  467 

octohydrate,  467 

— pentahydrate,  467 

— — chlorosulphate  (violet),  467 

hexahydrate,  468 

octohydrate,  467 

chromate,  210 

decahydroxytetramminosulphate,  467 

diammines,  406 

diamminodihydroxydinitrate,  478 

diamminohydroxide,  189 

• diamminonitrate,  409 

— — - diamminopentahydroxynitrate,  478 

diamminoxalate,  409 

cis-diaquobisethylenediami  notribro- 

mide,  424 

trans-salt,  424 

cis-diaquobisetbylenediaminot  r i c h 1 o- 

ride,  412 

trans-salt,  412 

diaquotetramminohydrotetrani  trate , 

477 

diaquotetramminotribromide,  423 

diaquotetramminotrichloride,  411 

dibromoaquotriamminobromidei  425 

dibromoaquotriamminoiodide,  428 

dibromoaquotriamminonitrate,  477 

dibromoaquotriamminosulphate,  466 

- — - — cis-dibromobisethylen  ediaminobro- 
mide,  425 

— — trans-salt,  425 

dibromobisethylenediaminobromomer- 

curibromide,  425 

cis-  dibromobisethy  lenediaminoiodi  de, 

428 

— — - trans-dibromobisethylenediamino  n i - 
trate,  478 

— — trans-salt,  428 

dibromodiaquodiamminobromide,  425 

7-  dibromodiaquodipyridinobromide,  425 

— — - dibromodiaauodipyridinoiodide,  428 

dibromodiaquodipyridinonitrate,  478 

- — — dibromohexaquobromide,  422 

dibromotetraquoaluminohe  x a q u o d i - 

sulphate,  468 

dibromotetraquochloride,  425 

dibromotetraquochromihexaquodis  u 1- 

phate,  468 

- — - — dibromotetraquoferrihe  xaquodisul- 
phate,  468 

dibromotetraquosulphate,  466 

dibromotetraquovanadihexaquodi  s u 1- 

phate,  468 

— — - dichloroaquotriamminochloride,  415 

dichloroaquotriamminoiodide,  428 

dichlorodiaquotriamminonitrate,  478 

■ — — - dichloroaquotriamminosulphate,  466 

cis-dichlorobisethy len ediaminobro- 

mide,  425 

trans-salt,  425 

cis-diclilorobisethylenedi  aminochlo- 

ride,  415 

trans-salt,  415 

cis-dichlorobisethylenediaminochl  oro- 

antimonate,  420 

cis-dichlorobisethylenediaminoh  y d r o- 

sulphate,  466 

cis-dichlorobisethylenediaminoiod  i d e, 

428 


Chromic  cis-dichlorobisethylenediamin  o n i - 
trate,  478 

— — trans-salt,  478 

— — dichlorodiaquadiamminochloride,  415 

dichlorodiaquodip  yridinobromide, 

425 

dichlorodiaquodipyridinoehloride,  415 

dichlorodiaquodipyridinonitrate,  478 

dichloronitrate,  476 

dichlorotetramminoiodide,  428 

— — - dichlorotetramminosulphate,  466 
— — dichlorotetraquoaluminoh  e x a q u o di- 
sulphate, 468 

dichlorotetraquobromide,  425 

— — - dichlorotetraquochloride,  375,  377 

— — dihydrate,  376 

- — - — hexahydrate,  377 

dichlorotetraquochromihexaquodi  s u 1- 

phate,  468 

dichlorotetraquovanadihexaquod  i s u 1 - 

phate,  468 

dihydroheptasulphate,  466 

dihydroxy  bisethylenedi  aminotetra- 

bromide,  425 

dihydroxychloride,  391 

dihydroxydiaquodiamminobromide, 

425 

dihydro  xydiaquodiammin  ochloride, 

415 

dihydroxydiaquodiamminoiodide,  428 

dihydroxydiaquodipyridinobromide, 

425 

dihydroxydiaquodipyridinoch  loride, 

415 

dihydroxydiaquodipyridinoiodide,  428 

— - — ■ dihydroxydiaquodipyridinonitrate,  478 

dihydroxydiaquodipyridinosu  1 p h a t e, 

466 

dihydroxydiaquoethylenediaminochlo- 

ride,  415 

dihydroxydiaquoet  hylenediamino- 

iodide,  428 

dihydroxyhexacetatot  ripyridinoni- 

trate,  478 

dihydroxyquaterethylened  iaminote- 

traiodide,  428 

dihydroxytetraquochloride,  391 

dihydroxytetraquosulphate,  444 

dihydrotetrasulphate,  446 

— hexadecahydrate,  446 

— tetracosihydrate,  447 

— — green  form,  446 

— violet  form,  446 

diiodobisethylenediaminoiodide,  428 

diiodobisethylenediaminoiodomercuri- 

iodide,  428 

dinitroxylheptoxypentachloride,  394 

dioxycarbonate,  473 

dioxyheptamminotrinitrate,  478 

dioxyhexamminodichloride,  416 

dioxyhexamminodisulphate,  467 

dioxysulphate,  444 

cis-dithiocyanatobisethylenedi  amine, 

478 

trans-salt,  J;78 

dithiocyanatobisethylenediamin  o b r o- 

mide,  425 

cis-dithiocyanatobisethylenedi  amino- 

chloride,  416 
trans-salt,  416 
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Chromic  cis-dithiocyanatobis ethylenedi- 
aminohydrosulphate,  466 

■ trans-salt,  466 

dithiocyanatobisethylenediaminoiod  o- 

mercuriiodide,  428 

dithiocyanatotetramminobromide,  425 

— — dithiocyanatotetramminochloride,  416 

dithiocyanatotetramminonitrate,  478 

fluopentamminochromate)  306,  366 

fluopentamminodichloride,  381 

fluopentammmodifluoride,  363 

— tetrahydrate,  363 

hexahydrate,  363 

- — — fluopentamminodinitrate,.  477 

fluoride,  362 

trihydrate,  362 

hemiheptahydrate,  362 

- ■ - heptahydroxychloride,  391 

heptamminonitratoxalate,  409 

hexacarbamidobromodichr ornate,  343 

hexacarbamidochlorochromate,  399 

hexacarbamidochromate,  307 

hexacarbamidodichromate,  343 

hexacarbamidodisulphatodichrom  ate, 

343 

hexacarbamidonitr  atodichromate, 

343 

hexacarbamidoperchloratddichromate, 

343 

hexacarbamidotetrabor  ofluodichro- 

mate,  343 

hexacetatodihydroxytriamminoiodide, 

428 

hexacetatodibydroxytripyridinoiodide, 

428 

hexacetatohydrpxyaquotr  ipyridino- 

cblorostannate,  419 

hexaethylenediaminoh  exahydroxy- 

chromate,  307 

- — - — hexahydroxysexiesethylene  d i a m i n o- 
hexachloride,  416 

hexahydroxysexiesethylene  d i a in  i n o- 

hexaiodide,  428 

hexahydroxysexiesethylene  d i a m i n o- 

hexaiodomercuriiodide,  428 

hexahydroxysexiesethylene  d i a m i n o- 

hexanitrate,  478 

- — — ■ hexahydroxysexiesethylene  d i a m i n o - 
sulphate,  467 

hexammlnobromide,  423 

hexamminochloride,  373 

hexamminohydrotetranitrate,  476 

hexamminoiodosulphate,  468 

hexamminophosphate,  481 

hexamminosulphate,  465 

hexamminotrichloride,  410 

hexamminotrichloromercurich  1 o r i d e, 

419 

hexamminotriiodide,  427 

hexantipyridinodichromate,  343 

hexantipyrinoborofluoride,  363 

hexaquochlorosulphate,  468 

hexaquofluoride,  363 

enneahydrate,  363 

hexaquosexiesethylenedia  minohexa- 

bromide,  425 

hexaquotribromide,  422 

— — — hexaquotrichloride,  382,  412 

hexaureanitrate,  477' 

hydroxide,  185 


Chromic  hydroxide  trans-salt,  424 

cis-hydroxyaquobisethylenediaminodi- 

chloride,  412 

hydroxyaquotetramminod  i b r o m i de, 

424 

hydroxychloronitrate,  476 

hydroxydecamminochlorotetraiodide, 

428' 

hydroxydecamminohydroxydichlorodi- 

iodide,  428 

hydroxydecamminohydroxytetrabro- 

mide,  425 

hydroxydecamminopentachloride,  416 

— — hydroxydecamminopentaiodide,  428 
— - — hydroxydecamminopentanitrate,  478 

hydroxydecamminosulphate,  466 

hydroxydecamminotetrabromide,  425 

hydroxydiaquodipyridinodichloride, 

412 

hydroxydinitrite,  475 

hexahydrate,  475 

hydroxylamine  chloropentaquochloro- 

sulphate,  468 

chloropentaquosulpha  tohydro- 

sulphate,  468 

hydroxypentachloride,  391 

hydroxypentamminobromide,  424 

hydroxypentamminochloride,  412 

— - — hydroxypentamminochromate,  306 

hydroxypentamminodiiodide,  427 

hydroxypentamminodinitrate,  477 

hydroxypentamminohydroxide,  187 

hydroxypentamminosulphate,  465 

hydroxypentaquodichloride,  391 

hydroxytriaquodiamminosulphate,  465 

hydroxytriaquodipyrid  inosulphate, 

466 

iodide,  427 

— — enneahydrate,  427 

iodides,  427 

iodoaquotetramminodiiodide,  428 

— — iodopentamminodichloride,  414 

iodopentamminodijodide,  428 

iodopentamminodinitrate,  477 

magnesium  hydroxycarbonate,  473 

— — - mercuric  sulphotrithiocyanat  o d i a m - 
mine,  409 

metaphosphate,  481 

monammines,  407 

nitrate,  474 

enneahydrate,  474 

hemienneahydrate,  474 

hemipentacosihydrate,  474 

hemipentadecahydrate,  474 

trihydrate,  474 

nitratodiaquotriamminodinitrate,  477 

nitratopentamminodiiodide,  427,  477 

nitratopentamminodinitrate,  477 

nitritopentamminocarbonate,  473 

nitritopentamminochromate,  306 

— - — nitritopentamminodibromide,  424 

nitritopentamminodichloride,  412 

- — - — nitritopentamminodichlorobismercuri- 
chloride,  419 

nitritopentamminodichromate,  343 

nitritopentamminodiiodide,  427 

nitritopentamminodinitrate,  477 

nitritopentamminosulphate,  466 

orthophosphate,  479 

colloidal  solution,  479 
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Chromic  orthophosphate  colloidal  dihy- 
drate, 479 

— hemipentahydrate,  479 

— — . hexahydrate,  479 

tetrahydrate,  480 

trihydrate,  479 

— — • oxalatobisethylenediami  nobromide, 
425 

— oxalatobisethylenediaminoiodide,  428 

oxalatohemienriamminonitrate,  478 

oxalatotetramminobromide,  425 

oxalatotetramminochloride,  416 

oxalatotetramminonitrate,  478 

oxalatotriammine  acid,  409 

oxide,  176 

a-,  177 

/?-,  178 

aerosol,  177 

colloidal,  190 

hydrated,  185 

— hydrogel,  194 

— — hydrosol  negative,  192 

positive,  191 

— - — organosol,  192 

properties,  chemical,  180 

physical,  177 

oxyaquotrihydroxyhexamm  inochro- 

mate,  307 

— - — oxychloride,  391 

oxychlorides,  390 

oxydicarbonate,  472 

oxydichloride,  391 

oxydisulphate,  445 

oxyhydroxide,  185 

— — oxypentasulphate,  445 

oxytetrathiocyanatotetrammine,  409 

oxytetrathiocyanatotetrapyridine,  409 

pentaethylaminochloride,  373 

pentahydroxyaquodecammin  o - salts, 

408 

pentahydroxycarbonate,  472 

pentahydroxydiaquo -enneammino- 

salts,  408 

pcntamethylaminochloride,  373 

pentamminochloride,  373 

pentamminohydroxide,  187 

pormonosulphomolybdate,  653 

— - — - phosphatoctochloride,  372 

potassium  carbonate,  473 

hydroxychromate,  210 

> — — pyrophosphate,  482 

pyrophosphate,  481 

quaterethylamine,  409 

- — quaterothylenediaminotriehloride,  409 

• — — • quinquiesethylaminotrichloride,  409 

■ quinquiesmethylaminotrichloride,  409 

salts,  602 

sodium  hexamminopyrophosphate,  482 

stannate,  290 

sulphate,  435 

ennoahydrate,  436 

— green  hydrate,  437 

lienahydrate,  437 

— heptahydrate,  437 

licxadecahydrate,  436 

— hexahydrate,  437 

octodecahydrate,  435 

— oetohydratc,  437 

pontahydrate,  437 

— — — — tetradecahydrate,  436 


Chromic  sulphate  trihydrate,  436 
■ — - — • - — - — - violet  hydrate,  435 

sulphates 

■ complex  salts,  452 

sulphatonitrate,  476 

sulphide,  430 

sulphomolybdate,  652 

tellurate,  97 

terethylenediaminotrinitrate,  476 

tetraethylaminochloride,  373 

tetraethylenediaminochloride,  373 

tctrahydropentasulphide,  447 

tetrahydroxysulphate,  445 

tetramminodinitrate,  409 

tetramminosulphate,  409 

tetranitratosulphate,  476 

tetraquodiamminosulphate,  465 

tetraquodiamminotribromide,  424 

tetraquodiamminotrichloride,  412 

tetraquodichlorochloride,  415 

tetraquodipyridinohydrosulphate,  465 

tetraquodipyridi notribromide,  412, 

424 

— — - tetraquodipyridinotrinitrate,  477 

cis-thiocyanatobisethyle  nediamino- 

iodide,  428 

thiocyanatopentamminodi bromide, 

434 

thiocyanatopentammin  odichloride, 

415 

— - — thiocyanatopentamminodichromate, 
343 

— — thiocyanatopentamminodinitrate,  477 

triamminochlorodibromide,  425 

triamminodichloi*obromide,  425 

triamminotribromide,  425 

triaquochloride,  381 

triaquotriamminodichloronitrate,  477 

triaquotriamminotribromide,  424 

triaquotriamminotrichloride,  411 

— — triaquotrifluoride,  363 
— — - trihydrophosphate,  481 

trihydroxyaquohexammino  c h lo  r o d i- 

chloraurate,  419 

trihydroxyaquohexamminohemiennea  - 

sulphide,  431 

trihydroxyaquohexamminohydrosul- 

phate,  467 

trihydroxyaquohexamminotribromide, 

425 

trihydroxyaquohexamminotrichloride, 

416 

trihydroxyaquohexamminotri  iodide, 

428 

t rihydroxyaquohexamminotrinit  rate, 

478 

trioxytrisulphate,  445 

triphosphate,  482 

tripyridinochloride,  373 

trisethylenediaminodichromato,  343 

trisethylenediaminotribromide,  423 

trisethylenediaminotrichloride,  411 

trisethylenediaminotriiodide,  427,  428 

trispropylenediaminotriiodide,  427 

Chromides,  179 
Chromidodecamolybdates,  601 
Chromidodccamolybdic  acid,  602 
Chromienneasulphuric  acid,  448 
Chromiferous  ferropicotito,  201 
iron  ore,  123 
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Chromiheptasulphuric  acid,  448 
Chromihexasulphuric  acid,  447 
Chromioctosulphuric  acid,  448 
Chromipentasulphuric  acid,  447 
Chromipolysulphuric  acid,  448 
Chromipyrophosphoric  acid,  481 
Chromisulphuric  acids,  447 
Chromite,  123,  125,  199,  201 
Cliromites,  196 

Chromitetrasulphuric  acid,  447 
Chromitite,  125,  201 
Chromitri8ulphatochromic  acid,  448 
acids,  448 

Chromitrisulphatodichromic  acid,  448 
Chromitrisulphatotrichromic  acid,  448 
a-chromiurn,  148 
j3-ehromium,  148 
Chromium,  122 

alcholatochloride,  373 

alloys,  179 

aluminium  alloys,  172 

amalgam,  171 

ammines,  400 

ammonium  aluminium  sulphate,  463 

ferric  sulphate,  463 

hexafluoride,  363 

pentafluoride,  363 

potassium  sulphate,  463 

phosphate,  482 

sulphate,  452 

tetrachloride,  417 

triammino-oxalatochloride,  417 

antimonioctochloride,  372 

atomic  disintegration,  169 

number,  169 

weight,  167 

beryllium  pentachloride,  419 

bromides,  421 

cadmium  alloys,  171 

caesium  oxypentachloride,  391 

pentachloride,  419 

monohydrate,  419 

tetrahydrate,  419 

sulphate,  463 

tetrachloride,  419 

carbonates,  47 1 

chlorides,  366 

chromate,  209,  210 

chromates,  306 

colloidal,  139 

copper  alloys,  170 

pentafluoride,  364 

dibromide,  421 

cis-dibromotetramminobromide,  424 

trans-dibromotetramminobromide,  424 

eis-dibromotetramminochloride,  424 

cis-dibromotetramminoiodide,  424 

dichloride,  366 

dichromate,  343 

difluoride,  361 

diiodide,  427 

dioxide,  208 

dihydrate,  208 

hemihydrate,  208 

hemitrihydrate,  208 

dioxydichloride,  391 

dioxydifluoride,  364 

droxyphosphochlorotribromide,  395 

electronic  structure,  169 

ery thro -salts,  408 


Chromium  extraction  as  oxide  or  chromate, 
129 

fluorides,  361 

gold  alloys,  171 

hemiheptasulphide,  433 

hemitrioxide,  176 

hemitrisulphide,  430 

hexa-acid  salts,  407 

hexammines,  400 

hexitapentadecoxide,  210 

dodecahydrate,  210 

History,  122 

hydrazine  sulphate,  454 

hydrosol,  139 

cis-hydroxyaquobisethylenediaminodi- 

iodide,  427 

trans-salt,  427 

hydroxydecamminop  entabromide, 

425 

hydroxydecamminotrichlorodiehlorau- 

rate,  419 

hydroxy lamine  sulphate,  454 

isobutylalcosol,  139 

lead  alloys,  173 

lithium  pentachloride,  418 

luteosalts,  400 

magnesium  pentachloride,  419 

mercuric  trithioeyanatohexasulphodi 

ammine,  433 

mercury  alloy,  171 

molybdates,  570 

molybdenum  alloys,  524 

monochloride,  366,  367 

hexahydrate,  367 

tetrahydrate,  367 

monosulphide,  429 

monoxide,  174 

nitrates,  473 

occurrence,  121 

octitapentadecoxide,  207 

Oxide,  Intermediate,  206 

oxides,  lower,  174 

- — — oxybromides,  421 
- — - — oxyfluorides,  364 

oxyheptachloride,  391 

oxyiodides,  421 

— — oxytetrachloride,  391 

oxytungstate,  796 

- — — paratungstate  819 

passive,  148 

pentammines,  402 

■ — — - pentatungstate,  829 

- — — pentahydrate,  829 

pentitadodecoxide,  2 10 

pentitatridecoxide,  206,  210 

pentitenneaoxide,  206 

enneahydrate,  ^07 

phosphates,  479 

— — physiological  action,  163 

potassium  hexachloride,  419 

hexafluoride,  364 

— — oxypentachloride,  391 

pentachloride,  418 

pentafluoride,  363 

phosphate,  482 

sulphate,  454,  831 

— — tellurate,  97 

— tetrachloride,  418 

-preparation,  129 

properties,  chemical,  160 
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Chromium  properties,  physical,  142 

purpureo-salts,  403 

pyrophoric,  139 

reactions  analytical  interest,  163 

rhodo-salts,  407,  408 

rosco-salts,  401,  403 

rubidium  bromide,  425  . 

oxypentachloride,  391 

pentachloride,  419 

monohydrate,  419 

sulphate,  463 

— tetrachloride,  419 

sesquioxide,  176 

- — — - sesquisulphide,  430 

silver,  alloys,  171 

sodium  hexachloride,  418 

pentafluoride,  363 

phosphate,  482 

pyrophosphate,  482 

sulphate,  454 

tetrachloride,  418 

sulphates,  434 

sulphides,  429 

sulphochromate,  448 

sulphochromite,  433 

tantalum  alloys,'  173 

telluride,  62 

tellurite,  81 

tetrammines,  404 

tetratungstate,  796 

tetritaenneaoxide,  210 

tetritaheptasulphide,  433 

tetroxides,  358 

complex,  358 

thallium  sulphate,  464 

thallous  enneafluoride,  364 

■  hexachloride,  419 

tin  alloys,  172 

triammines,  406 

triamminochloroxalate,  424 

triamminodichloroaquochloride,  417 

— • triamminodichloroaquoiodide,  417 

triamminodichloroaquonitrate,  417 

triamminodichloroaquosulphate,  417 

triamminotetroxide,  358 

triamminotriaquodiehloronitrate,  412 

triamminotriaquodihydroxyiodide,  417 

■  triamminotriaquotribromide,  417 

triamminotriaquotriperchlorate,  412 

triantimoniododecachloride,  372 

trichloride,  371 

trifluoride,  362 

triiodide,  427 

enneahydrate,  427 

trioxide,  211 

properties,  chemical,  229 

physical,  214 

trioxyphosphodichlorotribromide,  395 

trioxyphosphopentachloride,  395 

trioxytrichloride,  395 

tripyridinotribromide,  423 

tritatetraoxide,  175 

monohydrate,  175 

trihydrate,  175 

tritatetrasulphide,  433 

— . — tungstate,  796 

tungsten  hexamminoenneachl  o r i d e, 

842 

uses,  163 

valency,  167 


Chromium  xantho-salts,  403 

zinc  alloys,  171 

pentafluoride,  364 

Chromobrugnatellite,  473 
Chromodisulphochromic  acid,  449 
Chromoferrite,  201 
Chromoglaserite,  258 
Chromohercynite,  201 
Chromopicotite,  201 
Chromosic  oxide,  175 
Chromosulphochromates,  449 
Chromosulphochromic  acid,  449 
Chromotelluric  acid,  97 
Chromous  ammonium  carbonate,  471 

fluoride,  362 

• sulphate,  434 

— — bromide,  421 
— — caesium  sulphate,  435 

carbonate,  471 

chloride,  366 

dihydrate,  370 

tetrahydrate,  369 

trihydrate,  370 

dihydrazinobromide,  421 

— dihydrazinoehloride,  368 

fluoride,  361 

hexamminobromide,  421 

hexamminodichloride,  368 

hexamminodiiodide,  427 

hydrazine  sulphate,  435 

hydrochloride,  368 

hydroxide,  174 

iodide,  427 

lithium  carbonate,  471 

magnesium  carbonate,  472 

sulphate,  435 

— — • metaphosphate,  479 

nitrate,  473 

oxide,  174 

phosphate,  479 

potassium  carbonate,  472 

fluoride,  362 

sulphate,  435 

rubidium  sulphate,  435 

salts,  174 

sodium  carbonate,'  471 

decahydrate,  471 

monohydrate,  472 

sulphate,  435 

sulphate,  434 

— . heptahydrate,  434 

monohydrate,  434 

sulphide,  429 

sulphoaluminate,  430 

sulphochromite,  433 

triamminodichloride,  368 

zinc  sulphate,  435 

Chromowulfenite,  566 

Chromyl  ammonium  difluochromate,  365 

bromide,  426 

chloride,  391 

chromate,  208 

fluoride,  364 

iodide,  428 

pentitahexachloride,  396 

phosphodichloradiiodide,  395 

phosphodichloropentabromide,  395 

phosphodichlorotriiodide,  395 

sulphate,  449 

— monohydrate,  449 
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Chromyl  sulphuryl  chloride,  469 

tritadichloride,  396 

Citrongelb,  273 

Cobalt  ammonium  decamolybdate,  574 

chlorochromate,  399 

chromite,  204 

- — — decatungstate,  832 

dichromate,  344 

dioxytetrafluomolybdate,  614 

ditungstate,  810 

hemitritelluride  tetrahydrate,  73 

hydrophosphatodimolybdate,  670 

permonosulphomolybdate,  654 

phosphatododecamolybdate,  663 

sulphate,  831 

sulphochromite,  433 

sulphomolybdate,  653 

sulphotellurite,  114 

sulphotungstate,  859 

tellurate,  97 

telluride,  63 

tellurite,  82 

monohydrated,  82 

tritungstate,  812 

tungsten  hexamminoenneac  h 1 o r i d e, 

•842 

Cobaltic  ammonium  aquopentammino mo- 
lybdate, 575 

barium  decamolybdate,  575 

decamolybdate,  598 

dodecamolybdate,  674 

aquonitritotetramminomolybdate,  575 

aquopentamminochromatobisd  i c h r o- 

mate,  344 

aquopentamminodichromate,  344 

aquopentamminomolybdate,  576 

barium  enneamolybdate,  575 

• bispropyldiamino  d.i  amminodichro- 

mate,  344 

bromopentamminochromate,  311 

chloroaquotetramminochromate,  311 

chloropentamminochromate,  311,  312 

chloropentamminodichromate,  344 

chloropentamminomolybdate,  575 

chromatoaquotriamminodichromate, 

344 

chromatopentamminochloride,  312 

chromatopentamminochromate,  312 

chromatopentamminonitrate,  312 

‘chromatotetramminochromate,  312 

chromatotetramminodichromate,  344 

chromatotetramminonitrate,  312 

diaquotetramminomolybdatodimolyb-  • 

date,  575 

dibromotetramminodichromate,  344 

dichlorotetramminodichromate,  344 

monohydrated,  344 

dichromatopentamminochromate,  344 

dichromatotetramminodi  chromate, 

344 

dimolybdatotetramminotrimolybdate, 

575 

cis-dinitritotetramminochromate,  311 

trans-dinitritotetrammino  chromate, 

311 

trans-dinitritotetramminodichroma  te, 

344 

dioxydecamminodichromate,  344 

— — • enneamminodichromate,  344 
• fluopentamminochromate,  311 


Cobaltic  hexahydroxydodecamminomolyb- 
date,  575 

hexamminochlorochromate,  311,  399 

hexamminochromate,  310 

hexamminodichromate,  344 

hexamminoheptafluotetro  xyditung- 

state,  840 

hydroxychromatotriammine,  312 

hydroxypentamminomolybdate,  575 

iodopentamminodichromate,  344 

isothiocyanatopentamminochro  m a te, 

311 

molybdates,  574 

molybdatonitritotetrammi  nomolyb- 
date, 575 

molybdatopentamminomolybdate,  575 

- — — molybdatotetrarnminomolybdate,  575 

molybdatotetramminonitrate,  575 

molybdatotetramminotrim  o ly  bd  a t e, 

575 

nitratopentamminochromate,  311 

nitratopentamminodichromate,  344 

nitratopentamminomolybdate,  575 

nitratotetramminomolybdate,  575 

nitritopentamminochromate,  311 

nitritopentamminodichromate,  344 

cis-nitritotetramminodichromate,  344 

octamminochromate,  311 

decahydrate,  311 

tetrahydrate,  311 

pentamminoparamolybdate,  587 

platinic  hexamminocositungstate,  803 

potassium  decamolybdate,  574,  598 

dodecamolybdate,  574 

salts,  602 

tetrathiocyanatodiamminochrom  a t e s, 

311 

thiocyanatopentamminom  o 1 y b d a t e, 

675 

— — - thiosulphatopentamm inochromate, 
311 

trichromatotetrammine,  312 

Cobaltous  ammonium  chromate,  312 

diamminomolybdate,  574 

diamminoquaterochromate,  312 

dichromate,  344 

dihydrophosphatohemipentam  o- 

lybdate,  670 

paramolybdate,  587 

pentamolybdate,  594 

phosphatohemipentamolybd  a t e, 

670 

— - — ■ bisethylenediaminocliromate,  310 

caesium  chromate,  312 

chromate,  310 

■ — - dihydrate,  310 

diamminomolybdate,  574 

— dihydrophosphatohemipentamoly  b- 
date,  670 

dimolybdate,  581 

— - — • dihydrate,  581 

dioxychromate,  310 

metatungstate,  827 

molybdate,  574 

- — — ■ monohydrate,  574 

- — — oxychromate,  310 

monohydrate,  310 

oxyquaterochromate,  312 

paratungstate,  820 

phosphatohemipentamclybdate,  669 
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Cobaltous  potassium  chromate,  312 

oxyquaterochromate,  312 

phosphatohemipentamolybdate, 

670 

sodium  dodecamolybdate,  603 

paramolybdate,  587 

paratungstate,  820 

trimolybdate,  590 

trimolybdate,  590 

tungstate,  802 

dihydrate,  802 

Colloidal  tellurium  disulphide,  110 
Coloradoite,  2,  51 
Coluinbium  chromate,  306 

molybdate,  570 

Coolgardite,  2 

Copper  aluminotungstate,  789 

ammonium  chromate,  262 

diamminochromate,  262 

diamminomolybdate,  559 

molybdate,  659 

pentafluodioxytungstate,  839 

phosphatohemipentamolybdate, 

669 

tellurite,  79 

tungstate,  782 

■  tungsten  tetramminoenneachlo- 

ride,  842 

calcium  tungstate,  818 

chromate,  260 

chromium  alloys,  170 

pentafluoride,  364 

decamminomonoxybischromate,  262 

diamminomolybdate,  559 

diamminotungstate,  782 

dioxychromate,  261 

dioxytetrafluomolybdate,  614 

ditungstate,  809 

hemiheptammino-chromate,  261 

hemitelluride,  42 

hemitritelluride,  42 

hexamminometatungstate,  825 

■  hexoxychromate,  262 

lead  chromate,  304 

— — metatungstate,  825 

molybdate,  558 

molybdenum  alloys,  522 

pentafluoinolybdate,  6 1 1 

nitratotungstate,  862 

orthotellurate,  92 

oxymolybdate,  559 

paratungstate,  817 

pentitatritelluride,  43 

pentoxybischroinate,  262 

permolybdate,  608 

permonosulphomolybdate,  653 

■ phospliatodimolybdate,  670 

phosphatododecamolybdate,-  663 

phosphatododecatungstate,  867 

phosphatoenneamolybdate,  607 

phosphatoenneatungstate,  871 

phosphatohemipentamolybdate,  669 

phosphatohexatungstate,  872 

platinic  cositungstate,  803 

molybdate,  576 

potassium  diamminochromate,  263 

oxyquadrichromate,  263 

oxytrischromate,  263 

phosphatohemipentamolybdate, 

069 


Copper  potassium  tungsten  tetramminoen 
neachloride,  842 

pyrophosphatotungstate,  874 

sodium  dioxydichromate,  339 

paratungstate,  818 

sulphochromite,  432 

sulphotellurite,  113 

sulphotungstate,  859 

•  tellurate,  92 

telluride,  42 

tellurite,  79 

— — tetrafluodioxytungstate,  839 

tetramminoehromate,  261 

— - — tetramminomolybdate,  559 
■ — — - tetramminotungstate,  782 

tetratotriamminochromate,  261 

tetritatritelluride,  43 

trichromate,  351 

•  trimolybdate,  589 

trioxy chromate,  261 

tritungstate,  811 

tungstate,  782 

dihydrate,  782 

tungsten  alloys,  741 

Crocoisd,  290 
Crocoisite,  125,  290 
Crocoite,  125,  290 

Cupric  ammonium  dichromate,  337 

dichromate,  339 

hexachromite,  198 

- — — ■ hexoxychromite,  198 
- — — • oxyoctochromite,  198 

salts,  602 

sulphomolybdate,  652 

tridecoxychromite,  198 

trioxychromite,  198 

Cuproscheelite,  678,  782,  818 
Cuprosic  tungstate,  782 
Cuprotungstate,  782 
Cuprotungstite,  678 
Cuprous  chromite,  197,  198 

molybdates,  558 

telluride,  40 

tungstate,  782 


D 

Daubreeite,  125 
Daubreelite,  433 

Decammine-ol-dicliromic  salts,  407 
Decamolybdates,  595 
Diaquobisethylenediamines,  402 
Diaquotetramido-salts,  402 
Diaquotetrammines,  402 
Dibromoaquotriammines,  405 
Dibromobisethylenediamines,  405 

cis-salts,  405 

trans-salts,  405 

Dibromodiaquodiammines,  405 
Dibromodiaquopyridines,  405 
Dibromotetraquo-salts,  405 
Dicliloroaquotriammines,  404,  405 
Dichlorobisethylenediamines,  404 

dextro-cis  salts,  404 

inactive  salts,  404 

lsevo-eis-salts,  404 

trans-salts,  404 

Diehlorodiaquodiammines,  405 
Dichlorodiaquodipyridines,  406 
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Dichlorothiocyanatotriammine,  406 
Dichromates,  323 
Dichromic  acid,  214 

Dichromyl  ammonium  tetrafluochr  o m a t e, 
366 

Didymium  chromate,  287 

metatungstate,  826 

paratungstate,  819 

- — — potassium  chromate,  287 

sodium  tungstate,  791 

trihydromolybdate,  564 

tungstate,  791 

Dietzeiti,  126,  270 
Dihydroxydiaquodiammines,  404 
Dihydroxydiaquodipyridines,  404 
Dihydroxydiaquoethylenediamines,  404 
Dihydroxylamine  amminomolybdate,  552 
Dihydroxyquatorethylenediamines,  408 
Diiodobisethylenediamines,  405 
Dimercuriammonium  ammonium  chromate, 
284 

chromate,  283 

Dimolybdates,  580,  582 
Dioxalatodiammines,  407 
Dioxalatodiaquo-salts,  407 
Dioxalatoethylenediamines,  407 
Diperchromates,  367 
Diperchromic  acid,  361 
Dipertungstic  acid,  836 
Diplatinic  ammonium  triacontatungstate, 
803 

barium  triacontatungstate,  803 

mercurous  triacontatungstate,  803 

potassium  triacontatungstate,  803 

Dithiocyanatobisethylenediamines,  405 

cis-salts,  405 

trans-salts,  405 

Dithiocyanatotetrammines,  405 
Ditungstates,  773,  809 
Dodecamolybdates,  582,  599 
Dodecatungstates,  773 
Domanganowolframites,  798 
Durdenite,  2 

tetrahydrate,  82 

Dysprosium  chromate,  288 


E 

Earth  alkali-alkaline  tungsten-bronzes,  751 
Eisenchrom,  201 
Elasmose,  114 
Emmonsite,  2,  82 
Empressite,  2,  44 
Enneachloroditungstic  acid,  842 
Enneachloromolybdous  acid,  018 
Enneamolybdates,  595 
Erbium  chromate,  288 

sodium  tungstate,  791 

Erythro-salts,  408 

F 

Ferberite,  678,  798 

Ferric  ammonium  chromate,  309 

chromium  sulphate,  463 

dodecamolybdate,  602 

dodecatungstate,  832 

paratungstate,  820 

pentadecoxysexieschromate,  310 


Ferric  ammonium  sulphate,  831 

barium  tungstate,  801 

chromate,  309 

dichromate,  343 

guanidinuim  paratungstate,  820 

metatun gstate,  827 

molybdate,  573 

oxybisdichromato,  343 

oxytungstate,  801 

permonosulphomolybdate,  654 

phosphatododecamolybdate,  663 

phosphatoenneamolybdate,  667 

phosphatohemipentamolybdate,  669 

potassium  chromate,  310 

decatungstate,  832 

dioxyundecieschromate,  310 

• dodecamolybdate,  603 

dodecatungstate,  832 

enneadecaoxybischromate,  310 

enneaoxyquaterchromate,  310 

oxyseptieschromate,  310 

pentadecoxydecieschromate,  310 

pentoxydecieschromate,  310 

trioxynovieschromate,  310 

decahydrate,  310 

hexahydrate,  310 

trioxysexieschromate,  310 

tungstate,  801 

pyridine  chromate,  310 

sodium  oxyquinquieschromate,  310 

sulphomolybdate,  682 

sulphotellurite,  114 

sulphotungstate,  859 

tellurate,  97 

— — telluride,  63 

tellurite,  82 

trioxy tungstate,  801 

Ferrimolybdite,  573 
Ferri tungstate,  801 
Ferritungstite,  678 
Ferromanganowolframites,  798 
Ferrotellurite,  97 
Ferrous  chromate,  309 

chromite,  201 

di tungstate,  810 

metatungstate,  827 

molybdate,  573 

oxychromite,  202 

paratungstate,  820 

permonosulphomolybdate,  654 

sulphochromite,  433 

sulphomolybdate,  653 

sulphotellurite,  114 

sulphotungstate,  859 

tellurate,  87 

telluride,  63 

tellurite,  82 

tetramolybdite,  488 

tungstate,  798,  801 

trihydrate,  801 

Ferro  wolframites,  798 

Ferrum  arsenico  mineralisatum,  673 

calciforme,  673 

Ferryl  chromate,  309 
Fluochromic  acid,  365 
Fluodichromates,  365 
Fluodioxytungstates,  838 
Fluopentammines,  403 
Fluotellurites,  .98 
Fluotrichromates  366 
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G 

Gadolinium  chromate,  288 

paratungstate,  819 

potassium  chromates,  288 

sodium  tungstate,  791 

Gallium  molybdate,  563 
Gelbbleiery,  566 
Gelberz,  1,  2 
Giallo  di  bariti,  273 

stronziana,  271 

Gold  ammonium  amminophosphatom  o- 
lybdate,  671 

sodium  pyrophospliatohemihena- 

molybdate,  671 

chromate,  267 

■ — - — chromium  alloys,  171 

ditelluride,  48 

— : — hemitelluride,  48 

lead  sulphotellurantimonite,  114 

molybdate,  560 

molybdenum  alloys,  522 

monotelluride,  49 

ore,  grey,  1 

- — white,  1 

permonosulphomolybdate,  653 

silver  monotelluride,  49 

'telluride,  96 

tellurobismuthite,  62 

— 1 — - sodium  amminophosphatomolybdate, 
671 

sulphomolybdate,  652 

sulphotungstate,  859 

tellurate,  93 

Goldfieldite,  2 
Goldschmidtite,  2,  47 
Graugolderz  blatterige,  1 
Green  hexahydrate,  422 
Gris  lamelleux,  1 
Griinlingite,  2,  60 

Guanidine  disulphatochromiate,  454 

parasulphomolybdate,  651 

sulphomolybdate,  651 

sulphovanadatomolybdate,  652 

Guanidinium  ferric  paratungstate,  820 
salt,  667 

■ thoridecamolybdate,  598 

Guignet’s  green,  188 


H 

Henryite,  2 

Heptachloromolybdous  acid,  618 
Heptadecamolybdous  acid,  618 
Heptahydrododecamolybdates,  582 
Heptahydrododecatungstates,  773 
Heptamolybdates,  591 
Hereynite,  199 
Hessite,  2,  44 
Hexa-antipyrino-salts 
Hexacarbamides,  401 
Hexacetatodihydroxytriammines,  408 
Hexacetatodihydroxytripyridines,  408 
Hexachlorochromic  acid,  386 
Hexaformatodihydroxy-salts,  409 
Hexahydrododecamolybdates,  582 
Hexahydrododecatungstates,  773 
Hexahydrohexamolybdates,  582 
Hexahydrohexatungstates,  773 
Hexahydroxydodecammines,  409 


Hexahydroxysexiesethylenediamines,  409 

Hexammines,  400 

Hexamolybdates,  582,  591 

Hexapropionatohydroxyfluoro-salts,  409 

Hexaquo-salts,  402 

Hexatellurous  acid,  77 

Hexatungstates,  773 

Hexaurea  salts,  401 

Hiibnerite,  678,  798 

Hydrazine  chromium  sulphate,  454 

chromous  sulphate,  435 

sulphate,  831 

Hydrazinium  disulphatochromiate,  454 
Hydrobromomolybdous  acids,  635 
Hydrogen  chloride,  368 

telluride,  36 

Hydrosulphochromous  acid,  431 
Hydrosulphotetrachromous  acid,  432 
Hydrotellurites,  77 

Hydroxyaquobisethylenediamines,  402 

cis-salts,  403 

trans-salts,  403 

Hydroxyaquopentammines,  402 
Hydroxydecammines,  407 
Hydroxydiaquotriammines,  403 
Hydroxylamine  ammonium  paramolybdate, 
552 

tungstate,  773 

chromic  chloropentaquochlorosul- 

phate,  468 

chloropentaquosulpha  t o h y d r o- 

sulphate,  648 

chromium  sulphate,  454 

disulphatochromiate,  454 

hydrochloride,  831 

molybdate,  552 

paramolybdate,  584 

potassium  paramolybdate,  652 

tritungstate,  810 

Hydroxypentammines,  402 
Hydroxytriaquodiammines,  403 
Hydroxytriaquodipyridines,  403 
Hypotellurites,  71 

I 

Ilsemannite,  488,  5IJ0,  658 
Indium  chromate,  285 

dichromate,  342 

molybdate,  563 

— : — - telluride,  54 

tungstate,  789 

lodoaquotetrammines,  404 
Iodopentammines,  404 
Iodotellurites,  106 
Iron-chrome,  201 
Isotungstic  acid,  764 

J 

Jaune  de  baryte,  273 

strontiane,  27 1 

zinc,  278 

Jordisite,  488 
Jordiste,  640 
Joseite,  2 

Joseite,  60 

Jossaite,  125 
Jossoite,  304 
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K 

Kalgoorlite,  2,  53- 
Kallochrom,  290 
Koechlinite,  570 
Krennerite,  2,  46 


L 

Lanthanous  ammonium  molybdate,  587 
Lanthanum  ammonium  hexachromate,  287 

tungstate,  790 

barium  tungstate,  791 

chromate,  286 

octohydrate,  286 

monohydrate,  287 

metatungstate,  826 

molybdate,  564 

paratungstate,  819 

potassium  heptachromate,  287 

tetrachromate,  287 

silver  tungstate,  791 

sodium  molybdates,  564 

tungstate,  790 

sulphate,  831 

trihydromolybdate,  564 

tungstate,  790 

Lapides  stanniferi  spathacei,  673 
Lapis  plumbarius,  484 

ponderosus,  674 

Laque  min6rale,  290 
Laxmannite,  125 

Lead  aluminium  oxydodecamolybdate,  600 

ammonium  chromate,  304 

phosphatopentadecamolyb  date, 

671 

barium  chromates,  304 

calcium  chromates,  304 

molybdate,  566,  569 

phosphatomolybdate,  67 1 

carbonatochromate,  473 

chromate,  290 

basic,  301 

colloidal,  293 

chromioxydodecamolybdate,  602 

chromite,  201 

• — — - chromium  alloys,  173 

copper  chromate,  304 

dichlorochromate,  399 

dichromate,  342 

dihydrate,  342 

dihydroxychromate,  303 

dioxychromate,  302 

— — dioxydisulphotungstate,  861 

di tungstate,  810 

gold  sulphotellurantimonite,  114 

hemitritelluride,  58 

tetrahydrate,  58 

hydrotellurate,  96 

lithium  chromate,  304 

metatungstate,  827 

pentahydrate,  827 

molybdate,  566 

(colloidal),  567 

molybdenum  alloys,  523 

monotelluride,  56 

nitrate,  831 

nitratometatungstate,  827,  862 

nitratotellurate,  120 


Lead  oxybischromate,  303 

oxychromate,  302 

oxymolybdate,  568 

oxymolybdatochloroarsenate,  568 

oxytimgstate,  794 

— — ■ paratungstate,  819 

decahydrate,  819 

pentamolybdate,  594 

pentoxybischromate,  302 

permonosulphomolybdate,  653 

phosphatoctotungstate,  872 

phosphatododecamolybdate,  663 

phosphatododecatungstate,  867 

phosphatoenneatungstate,  87 1 

phosphatohexatungstate,  873 

potassium  chromate,  304 

dioxychromate,  304 

molybdate,  569 

— - — sodium  chromate,  304 

dioxybischromate,  304 

— — paratungstate,  819 

■ — - — • spar  (yellow),  566 

strontium  chromates,  304 

sulphochromite,  433 

sulphomolybdate,  652 

sulphotellurite,  114 

sulphotungstate,  859 

tellurate,  96 

tellurite,  81 

tetratellurate,  96 

tetratungstate,  826 

tetroxy chromate,  302 

trioxychromate,  302 

— — ■ tritungstate,  811 
■ — ■ — tungstate,  792 

uranyl  chromate,  308 

zinc  chromite,  304 

Lehmannite,  290 
Lemon  yellow,  271,  273 
Lionite,  793 

Lithium  ammonium  chromate,  244 

cis-bisehromatotetramminocobaltiat  e, 

311 

chlorochromate,  397 

chloropentaquodichloride,  418 

chromate,  243 

dihydrate,  243 

chromite,  196 

chromium  pentachloride.  4 1 8 

chromous  carbonate,  471 

dichromate,  325 

dihydrophosphatohemipe  ntamolyb- 

date,  669 

dimolybdate,  581 

ditungstate,  809 

hexadecamolybdate,  603 

hydropyrotellurate,  89 

hydropyrotellurite,  78 

hydrotellurate,  89 

hypomolybditotetramolybdate,  593 

lead  chromate,  304 

metatungstate,  822 

molybdate,  552 

— - trioctohydrate,  553 

molybdenum  dioxydibromide,  638 

oxytetrabromide,  638 

octomolybdate,  595 

■ orthotellurate,  89 

paramelybdate,  584 

dodecahydrate,  584 


892 


INDEX 


Lithium  paramolybdate  octocosihydrate, 
584 

paratungstate,  814 

perdichromate,  359 

perditungstate,  835 

•  permonosulphomolybdate,  653 

•  pertetratungstate,  836 

phosphatoenneamolybdate,  666 

phosphatohexamolybdate,  667 

phosphatohexatungstate,  872 

•  potassium  chromate,  257 

molybdate,  558 

— sulphatochromate,  244 

tungstate,  781 

pyrophosphatododecamolybdate,  671 

pyro tellurite,  77 

sodium  molybdate,  556 

tungstate,  779 

1 : 3-tungstate,  779 

stannic  tungstate,  792 

sulphomolybdate,  651 

sulphotellurite,  113 

tellurate,  89 

telluride,  40 

tellurite,  77 

tetrachromate,  352 

tetramolybdate,'  592 

tetratellurate,  89 

tetratellurite,  77 

trichromate,  350 

trimolybdate,  588 

heptahydrate,  588 

monohydrate,  588 

octohydrate,  588 

•  tetrahydrate,  588 

— — trisulphatochromiate,  464 
tungstate,  773 

tungsten  bronzes,  751 

Lupis  jovis,  673 
Lupi  spuma,  673 
Lupus  spuma,  673 
Luteophosphomolybdic  acid,  665 

tetracosihydrate,  666 

tetratricontihydrate,  666 

Luteophosphotungstic  acid,  870 
Luteus,  665 
Lyonite,  793 


M 

Magnesiochromite,  199,  201 
Magnesium  ammonium  chromate,  275 

molybdate,  562 

octohydrate,  311 

paratungstate,  818 

telluride,  50 

cis-bischromatotetramminoeobaltia  t e, 

311 

trans-bischromatotetramminocobalti  - 

ate,  311 

csesium  chromate,  277 

- — — chlorochromate,  398 

pentahydrate,  398 

chromate,  274 

pentahydrate,  275 

chromic  hydroxycarbonate,  473 

chromite,  199 

chromium  pentachloride,  419 

chromous  carbonate,  472 


Magnesium  chromous  sulphate,  435 

dichromate,  341 

— dioxydisulphomolybdate,  654 

dioxydisulphotungstate,  861 

ditungstate,  810 

guanidine  chromate,  276 

hexadecamolybdate,  603 

hydrotellurate,  94 

hypomolybdate,  529 

metatungstate,  826 

octohydrate,  826 

molybdate,  561 

heptahydrate,  561 

pentahydrate,  561 

molybdenum  alloys,  523 

molybdenyl  pentabromide,  638 

octomolybdate,  597 

oxychromite,  200 

oxydecachromite,  200 

oxyoctochromite,  200 

oxytetrachromite,  200 

oxytrisulphomolybdate,  654 

oxytrisulphoturigstate,  860 

paramolybdate,  586 

paratungstate,  818 

perdichromate,  359 

permolybdate,  608 

permonosulphomolybdate,  653 

pertetratungstate,  836 

phosphatodecatungstate,  870 

phosphatohexatungstate,  873 

potassium  chromate,  276 

dihydrate,  276 

hexahydrate,  276 

disulphatochromate,  465 

molybdate,  562 

paratungstate,  818 

tungstate,  788 

rubidium  chromate,  276 

salts,  602 

sodium  chromate,  276 

trihydrate,  276 

paratungstate,  818 

sulphotellurite,  113 

sulphotrimolybdate,  652 

sulphotungstate,  859 

tellurate,  94 

telluride,  50 

tellurite,  80 

decitaenneahydrate,  80 

pentitaenneahydrate,  80 

tetrachromite,  200 

tetramolybdate,  593 

thoridodecamolybdate,  601 

trimolybdate,  590 

trioxydisulphomolybdate,  655 

trioxysulphotungstate,  861 

tritungstate,  811 

tungstate,  787 

— — heptahydrate,  787 

trihydrate,  787 

Magnochromite,  125,  199,  201 
Magnolite,  2,  94 

Manganese  ammonium  sodium  pyrophos' 
phato tungstate,  874 

chromite,  201 

decatungstate,  832 

dichromate,  343 

ditelluride,  63 

monotelluride,  63 
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Manganese  paramolybdates,  587 

paratungstate,  819 

tetratriacontahydrate,  820 

permonosulphomolybdate,  654 

phosphatododecamolybdate,  663 

phosphatoenneamolybdate,  667 

phosphatohemipentamolybdate,  669 

sodium  pyrophosphatotungstate,  874 

sulphochromite,  433 

sulphotellurite,  114 

— — sulphotungstate,  859 

tellurate,  97 

telluride,  63 

tellurite,  82 

tetrafluodioxytungstate,  840 

Manganic  ammonium  dodecamolybdate,  602 

molybdate,  572 

paratungstate,  820 

tridecamolybdate,  602 

tungstate,  797 

barium  dodecamolybdate,  602 

molybdate,  572 

potassium  dodecamolybdate,  602 

molybdate,  572 

tridecamolybdate,  602 

rubidium  tridecamolybdate,  602 

silver  dodecamolybdate,  602 

sodium  ammonium  tridecamolybdate, 

602 

Manganous  ammonium  chromate,  309 

decamolybdate,  598 

dihydrophosphato  liemipenta- 

molybdate,  669 

dodecamolybdate,  602 

molybdate,  671 

permanganitomolybdate,  573 

phosphatohemipentamolybd  ate, 

669 

potassium  permanganitomolyb- 
date, 573 

pyrophosphatomolybdate,  671 

trischromate,  309 

chromate,  308 

metatungstate,  827 

molybdate,  57 1 

decahydrate,  571 

tritapentahydrate,  57 1 

oxychromate,  309 

potassium. bischromate,  309 

paratungstate,  820 

permanganitomolybdate,  573 

phosphatohemipentamolybdate, 

669 

sodium  molybdate,  572 

paratungstate,  820 

permanganitomolybdate,  573 

potassium  permanganitomolyb- 
date, 573 

pyrophosphatomolybdate,  671 

sulphomolybdate,  653 

tri tungstate,  812 

tungstate,  797 

Mangano wolframite,  798 
Megabasite,  798 
Melanochroite,  125,  302,  303 
Melinose,  566 
Melonite,  2,  64 

Mercuric  amidochromate,  284 

ammonium  tungstate,  788 

barium  phosphatohenatungstate,  868 


Mercuric  chromate,  282 

chromic  sulphot rithiocyanatodi- 

ammine,  409 

chromium  trithiocyanatohexasulpho- 

diammine,  433 

diamminochromate,  282 

dichromate,  342 

dioxychromate,  283 

ditungstate,  810 

hydroxyimidochromate,  284 

metatungstate,  826 

molybdate,  663 

orthotellurate,  95 

oxydimereuriammonium  oxyquadri- 

chromate,  284 

pentatungstate,  829 

permonosulphomolybdate,  653 

phosphatododecamolybdate,  663 

phosphatododecatungstate,  867 

phosphatoenneamolybdate,  667 

phosphatoenneatungstate,  871 

platinum  molybdate,  576 

polychromate,  351 

— potassium  chromate,  284 

phosphatohenatungstate,  868 

sulphomolybdate,  652 

sulphotellurite,  113 

sulphotungstate,  859 

tellurate,  95,  96 

dihydrate,  95 

tellurite,  81 

tritungstate,  811 

heptahydrate,  811 

tungstate,  788 

Mercurous  aluminotungstate,  789 

bismuth  tungstate,  795 

chromate,  281 

— — chromipentoxydodecamolybdate,  602 

dichromate,  342 

dioxychromate,  282 

diplatinic  triacontatungstate,  803 

hydrotellurate,  94 

trihydrate,  95 

metatungstate,  826 

molybdate,  563 

nitratometatungstate,  826,  862 

nitratotellurate,  120 

orthotellurate,  94 

oxybischromate,  282 

oxyditellurate,  94 

oxy trischromate,  281 

paratungstate,  819 

permolybdate,  608 

— — - permonosulphomolybdate,  653 

phosphatoctotungstate,  872 

phosphatododecamolybdate,  663 

phosphatododecatungstate,  867 

phosphatoenneamolybdate,  667 

phosphatohemipentamolybdate,  669 

— - — phosphatohexatungstate,  872 

platinic  cositungstate,  803 

platinum  molybdate,  576 

potassium  chromate,  282 

pyrophosphatotungstate,  874 

sulphomolybdate,  652 

sulphotellurite,  113 

sulphotungstate,  859 

tellurate,  94 

telluride,  53 

tellurite,  81 
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Mercurous  titanidodecamolybdate,  601 

tritungstate,  811 

tungstate,  788 

uranyl  chromate,  308 

Mercury  chromium  alloy,  171 

monochromide,  172 

monotelluride,  52 

trichromide,  172 

Metachromic  acid,  240 
Metachromites,  196 
Metachromous  acid,  196 
Metallkalk,  122 
Metallum  problematicum,  1 
Metaluteotungstic  acid,  770 
Metamolybdic  acid,  545 
Metatelluric  acid,  83,  87,  88 
Metatungstates,  773,  821 
Metatungstic  acid,  764,  768 
Methylamine  tetrahydroxylami  n o t e t r a- 
molybdate,  592 
Meymacite,  764 
Micaceous  iron  ore,  485 
Minera  blue,  745 

plumbi  rubra,  122,  290 

Mineral  lac,  290 
Mitchellite,  201 
Mock  lead,  673 

Molybdsenum  tritura  coerulescente,  484 
Molybdan,  485 
Molybdandichlorid,  619 
Molybdanglanz,  485 

edler,  114 

Molybdanocker,  535 
Molybdansilber,  60 
Molybdantetrachlorid,  624 
Molybdanyl  chloride,  627 
Molybdates,  higher,  599 

hyperacid,  605 

J normal,  551 

Molybdena  membranacea  nitens,  484 

— textura  granulata,  484 

micacea,  484 

Molybdenated  lead  ore,  566 
Molybdenite,  485,  488,  640 
Molybdenum,  484,  485 

alcoholotetrachlorodinitrate,  659 

alloys,  524 

aluminide,  523 

aluminium  alloys,  523 

amalgams,  523 

ammonium  amminopen tacliloride, 

622 

— — chloride,  629 

dioxytetrachloride,  632 

enneafluoride,  610 

hemipentoxide,  532 

heptachloride,  621 

hexachloride,  621 

oxypentabromide,  637 

pentabromide,  635 

pentachloride,  621 

tetrachlorotetrabromide,  640 

tetrachlorotetraiodide,  640 

tetradecachloride,  623 

tetrafluoride,  609 

trioxytetradecafluoride,  611 

tungstate,  796 

atomic  disruption,  521 

number,  521 

weight,  520 


Molybdenum  barium  hemipentoxide,  532 

blue  (natural),  530 

bromides,  634 

cadmium  alloys,  523 

caesium  dioxytetrachloride,  632 

— dioxytrichloride,  632 

— - — hexachloride,  622 

— ■ — ■ pentabromide,  635 

— - — ■ pentachloride,  622 

— — calcium  oxytetrabromide,  638 

carbonate,  659 

carbonates,  659 

chlorides,  616 

chromate,  307 

— — chromium  alloys,  524 

colloidal,  497 

copper  alloys,  532 

pentafluomolybdate,  611 

dialuminide,  523 

dibromide,  634 

dichloride,  616 

dichlorotetrabromide,  639 

dichromate,  343 

difluotetrabromide,  639 

dihydroxytetrabromide,  635 

dihydrate,  635 

octohydrate,  635 

dihydroxytetrachloride,  633 

octohydrate,  633 

diiodide,  639 

dimercuride,  523 

dioxide,  526 

hemiheptadecahydrate,  528 

monohydrate,  528 

trihydrate, '528 

dioxydibromide,  638 

dioxydichloride,  631 

dioxydifluoride,  612 

dioxysulphate,  658 

dioxysulphide,  654 

diphosphotetradecachloride,  632 

disulphate,  657 

disulphide,  640 

ditelluride,  63 

ductile,  497 

electronic  structure,  521 

— — enneachloroctosulphide,  656 
• — — enneamercuride,  523 

extraction,  492 

■ fluochloride,  639 

fluorides,  609 

. — — gold  alloys,  522 

helides  mixed,  639 

hemipentoxide,  531 

hemitrihydrate,  531 

trihydrate,  631 

hemitrimercuride,  523 

hemitrioxide,  525 

hemitrisulphide,  640 

heptaluminide,  523 

heptamolybdate,  571 

hexachloride,  626 

hexafluoride,  610 

history,  484 

hydride,  512 

hydroxypentachloride,  618 

hydroxytetrabromide,  636 

hydroxytetrachlorobromide,  640 

icositaluminide,  623 

intermetallic  compounds,  524 
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Molybdenum  iodides,  639 

isobutylalcosol,  497 

lead  alloys,  623 

lithium  dioxydibromide,  638 

oxytetrabromide,  638 

magnesium  alloys,  623 

molybdate,  571 

• ■ • monoxide,  525 

nitrate,  659 

nitrates,  659 

nitrogen  tetrasulphopentachloride,  625 

occurrence,  486 

oxides, 

oxybromides,  634 

- — - — - oxychlorides,  627 
— — - oxydihydroxydichloride,  633 

oxyfluorides,  610 

oxyhydroxydibromide,  636 

oxyhydroxytrichloride,  633 

oxytetrachloride,  632,  634 

oxytetrafluoride,  611 

oxytrifluoride,  611 

- — - — ■ pentachloride,  624 

pentafluoride,  610 

pentasulphide,  647 

hemitrisulphohydrate,  647 

trihydrate,  647* 

pentitatetradecaoxide,  532 

: hexahydrate,  532 

pentoxyoctochloride,  632 

persulphates,  658 

— — phosphates,  669 

phosphorus  decachloride,  625 

■ phosphoryl  octochloride,  625 

potassium  dichloride,  628 

dioxytetrachloride,  632 

dioxytrichloride,  632 

enneafluoride,  610 

hexabromide,  635 

— — hexachloride,  621 

dihydrate,  622 

— — pentabromide,  635 

pentachloride,  622 

tetrachlorotetrabromide,  640 

tetrachlorotetraiodide,  640 

tetrafluoride,  610 

trioxytetradecafluoride,  611 

preparation  of  metal,  494 

properties,  chemical,  512 

physical,  499 

pyridinium  oxypentabromide,  631 

oxytetrabromide,  638 

quinolinium  oxypentabromide,  637 

— — oxytetrabromide,  638 

reactions  of  analytical  interest,  516 

rubidium  dioxytetrachloride,  632 

dioxytrichloride,  632 

hexachloride,  622 

pentabromide,  635 

pentachloride,  622 

sesquioxide,  525 

silver  alloys,  522 

sodium  alloys,  522 

hemipentoxide,  532 

7-  tetrafluoride,  610 

sulphates,  656 

— — sulphide,  641 

colloidal,  641 

sulphides,  640 

tantalum  alloys,  524 


Molybdenum  tetrabromide,  635 

tetrabromochromate,  307 

— — - tetrabromodiiodide,  640 

tetrachloride,  623 

tetrachlorodiaquodichloride,  618 

— — - tetrachlorodibromide,  639 

hexahydrate,  639 

trihydrate,  639 

— - — tetrachlorodiiodide,  640 

hexahydrate,  640 

trihydLrate,  640 

tetrachlorodinitrate,  659 

tetrafluoride,  610 

tetrahydroxide,  528 

/ colloidal,  528 

tetraiodide,  639 

tetraluminide,  523 

tetrasulphide,  648 

tetritaluminide,  523 

tetroxyhydroxychloride,  631 

■ — — - thallium  alloys,  523 

thallous  oxypentafluornolybdate,  611 

tin  alloys,  523 

titanium-tungsten  alloys,  744 

tribromide,  635 

trichloride,  619 

trifluoride,  609 

trihydroxide,  525 

colloidal,  525 

— — - trihydroxytribromide,  638 
- — — trimolybdate,  571 

trioxide,  535 

trioxybishydrochloride,  633 

trioxyheptachloride,  632 

trioxyhexachloride,  632 

trioxysulphate,  657 

trioxytetrabromide,  638 

trioxytetrachloride,  633 

trioxy tetrafluoride,  611 

trisulphate,  658 

trisulphide,  647 

tritaluminide,  523 

tritoctoxide,  529 

colloidal,  530 

tungstate,  796 

uses,  518 

valency,  520 

vanadium  alloys,  524 

zinc  alloys,  523 

— — oxypentafluornolybdate,  611 

Molybdenyl  ammonium  pentabromide,  637 

- — - — pentachloride,  629 

bromide,  636 

- — — caesium  pentabromide,  637 

dihydroxydichloride,  633 

hydroxytrichloride,  633 

magnesium  pentabromide,  638 

- — — - molybdate,  571 

paramolybdate,  571 

phosphate,  659 

potassium  pentabromide,  637 

pentachloride,  630 

tetrabromide,  638 

pyridine  pentachloride,  631 

rubidium  pentabromide,  637 

pentachloride,  630 

sulphate,  658 

tribromide,  637 

trichloride,  629 

trimethylammonium  tetrachloride,  631 
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Molybdic  acid,  543 

colloidal,  543,  545 

monohydrate,  545 

a-,  545 

P-,  545 

— soluble,  545 

alums,  572 

bromide,  635 

chloride,  619 

hydroxide,  526 

metaphosphate,  659 

ochre,  488,  535 

oxide,  625 

— — - sodium  pyrophosphate,  67 1 

sulphate,  656 

sulphide,  640 

Molybdin,  535 

Molybdite,  488,  535 

Molybdosic  ammonium  sulphate,  657 

phosphate,  671 

potassium  sulphate,  657 

sulphate,  657 

Molybdous  amminobromide,  635 

ammonium  heptachloride,  619 

octochloride,  618 

bromide,  634 

chloride,  616 

diamminochloride,  617 

hemienneahydrate,  617 

hexahydrate,  617 

• monohydrate,  617 

— trihydrate,  “f  ,17 

- — - — • diaquotetrachlorodihydroxide,  618 

diaquotetrachloroxide,  618 

hydroxide,  525 

iodide,  639 

oxide,  525 

potassium  heptachloride,  619 

— - — octochloride,  618 

tetrabromosulphate,  658 

Molybdyldibromide,  637 
Monochromates,  240 
Monomolybdates,  551 
Monoperchromates,  357 
Monoperchromie  acid,  361 
Monopertungstic  acid,  833 
Monotungstates,  773 
Montanite,  2,  97 
Miillerin,  45 
Miillerite,  2 
Muthmannite,  2,  49 


•N 

Nagrakererz,  1 1 4 
Nagyager  Erz,  1 

silber,  45 

Nagyagite,  1,  2,  5,  114 

Neodymium  ammonium  molybdate,  587 

barium  tungstate,  791 

chromate,  287 

• octohydrate,  287 

molybdate,  564 

potassium  chromate,  287 

tungstate,  791 

Naphthlyamine  hydrochloride,  831 
Neomolybdenum,  485 
Neotungsten,  674 


Nickel  ammonium  chromate,  313 

— diamminochromate,  313 

— dihydrophosphat  ohemipenta- 

molybdate,  ,670 

dihydroxyquaterehromate,  313 

phosphatoliemipentamolybdate, 

670 

caesium  chromate,  313 

chlorochromate,  399 

chromate,  313 

chromite,  204 

'decatungstate,  832 

dichromate,  344 

•  dioxytetrafluomolybdate,  614 

ditelluride,  64 

ditungstate,  810 

hemitntelluride,  64 

hexamminochromate,  313 

hex  ammino  tungstate,  802 

hydrophosphatodimolybdate.  670 

metatungstate,  827 

monotelluride,  64 

tetrahydirate,  64 

nitrate  831 

oxy chromate,  313 

permonosulphomolybdate,  654 

phosphatododecamolybdate,  663 

phosphatoenneamolybdate,  667 

phosphatohemipentamolybdate,  670 

— — potassium 

chromate,  313 

dihydrate,  313 

dihydrophospha  tohemipenta- 

molybdate,  670 

dimolybdatotetratungstate,  796 

hexahydrate,  313 

phosphatohemipentamolybdate, 

670 

rubidium  chromate,  313 

sulphochromite,  433 

sulphomolybdate,  653 

sulpho  tellurite,  114 

sulphotungstate,  859 

— — tellurate,  97 
tellurite,  82 

—  monohydrated,  82 

tetradecamolybdate,  603 

tetrafluodioxytungstate,  840 

tritungstate,  812 

— — tungstate,  802 

hexahydrate,  802 

trihydxate,  802 

Nickelic  ammonium  tridccamolybdate,  602 

tungstate,  802 

barium  tungstate,  802 

Nickelous  ammonium  decamolybdate,  598 
diamminomolybdate,  576 

•  enneamolybdate,  597 

—  henitricontamolybdate,  604 

hexadeeamolybdate,  603,  604 

tetratricontamolybdate,  604 

—  diamminomolybdate,  575 

hexamminomolybdate,  575 

molybdate,  575 

pentahydrate,  575 

paratungstate,  820 

potassium  hexadeeamolybdate,  604 

sodium  liexamolybdate,  594 

trimolybdate,  590 

Nihil,  484 
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Nipponium,  485 
Nitratodiaquotriammines,  403 
Nitratopentammines,  403 
Nitritopentammines,  403 
Nitrogen  molybdenum  tetrasulphopenta- 
chloride,  625 

I ' mono  tel  luride,  58 

tungsten  tetrachlorotetrasulphide,  843 

Nobilite,  114 

Nora  minera  plumbi,  290 


| Oatremer  jaune,  273 
Ochrematite,  488 
Octochloromolybdous  acid,  618 
Octodecatungstic  arsenic  acid,  832 
Octomolybdates,  582,  595 
Octomolybdic  acid,  548 
Octotungstates,  773 
Oltremare  giallo,  273 
Or  graphique,  1 
Or  gris  lamelleux,  1,  114 
Orthochromic  acid,  240,  302 
Orthochromites,  196 
Orthochromous  acid,  196 
Orthomolybdic  acid,  547 
Orthotelluric  acid,  83,  87,  88 
Orthotungstic  acid,  764 
Oruetite,  2,  60 
Osmium  ditelluride,  65 

monotelluride,  65 

Oxalatobisethylenediamines,  406 
Oxalatotetrammines,  405 
Oxalatotriamminochromic  acid,  409 
Oxybromides,  109 
Oxydecammines,  408 
Oxyde  de  plomb  suroxygene,  122 
Oxydimercuriammonium  ammonium  di- 
chromate,  342 
chromate,  284 

mercuric  oxyquadrichromate,  284 

Oxyfluomolybdates,  612 
Oxyfluopermolybdates,  614 
Oxysulphomolybdates,  650 
Oxysulphoparamolybdates,  654 
Ozomolybdic  acid,  605 


P 

Palladium  ditelluride,  64 

telluride,  64 

Palladous  telluride,  64 
Parachromic  acid,  240,  302 
Paramolybdates,  580,  581,  582 
Paramolybdic  acid,  546 
Paratelluric  acid,  97 
Paratungstates,  733,  812 
Paratungstic  acid,  764,  770 
Partinium,  743 
Pateraite,  488,  574 
Pentachlorochromic  acid,  386 
Pentadecachloromolybdous  acid,  618 
Pentahydrohexamolybdates,  582 
Pentahydro tungstates,  773 
Pentamolybdates,  591 
Pentatungstates,  828 
VOL.  XI. 


Pentitamminotellurous  acid,  74 
Perchlorates,  368 
Perchromates,  353 

blue,  357 

red,  356 

Perchromic  acid,  353,  356 

constitution,  359 

Percobaltic  potassium  enneamolybdate,  597 
Perdichromic  acid,  359 
Perdimolybdic  acid,  606 
Perdisulphomolybdic  acid,  654 
Perditungstic  acid,  834 
Perferrowolframites,  798 
Permanent  yellow,  273 
Permanganic  sodium  tungstate,  797 
Permanganitomolybdates,  572 
Permanganous  molybdate,  572 

potassium  octomolybdate,  597 

Permanganowolframites,  798 
Permolybdates,  605 
Permolybdic  acid,  605 
Permonomolybdic  acid,  606 
Permonosulphomolybdates,  653 
Permonosulphomolybdic  acid,  653 
Pernickelic  ammonium  enneamolybdate, 
597 

barium  enneamolybdate,  597 

potassium  enneamolybdate,  597 

Pertungstates,  833 
Pertungstic  acids,  833 
Petzite,  2,  49 

Phenylhydrazine  hydrochloride,  831 
Phoenicite,  125,  30o 
Phoenicochroite,  125,  303 
Phosphatoctotungstates,  872 
Phosphatoctotungstic  acid,  862,  872 
Phosphatodecamolybdic  acid,  664 
-Phosphatodecatungstic  acid,  862,  869 
Phosphatodimolybdate,  670 
Phosphatodimolybdic  acid,  670 
Phosphatododecatungstic  acid,  862,  863 

docosihydrate,  863 

enneadecahydrate,  864 

hydrate- 19,  863 

19£,  863 

— — -20,  863 

22,  863 

22£,  863 

23£,  863 

— -26£,  863 

27|,  863 

29£,  863 

30|,  863 

octocosihydrate,  863 

Phosphatododecamolybdic  acid,  661 

docosihydrate,  662 

dodecahydrate,  662 

octocosihydrate,  662 

PhosphatoCnneamolybdic  acid,  665 
Phosphatoenneatungstic  acid,  862,  870 
Phosphatohemicositungstic  acid,  862 
Phosphatohemihenicositungstic  acid,  868 
Phosphatohemiheptadecam olybdic  acid, 
667 

Phosphatohemiheptadecatungstic  acid,  862, 
871 

Phospliatoliemiheptatungstic  acid,  862 
Phosphatohemipentamolybdic  acid,  668 
Phosphatohenamolybdic  acid,  664 
Phosphatohenatungstic  acid,  862,  867 
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Phosphatohexatungstic  acid,  8C2,  872 
Phosphatomolybdic  acids,  659,  670 
Phosphatomolybdosic  acid,  659 
Phosphatotritungstic  acid,  862,  873 
Phosphatotungstic  acids,  862 
Phosphomolybdic  acids,  659 
Phosphorus  molybdenum  decacliloride,  625 
Phosphoryl  molybdenum  octochloride,  625 
Phosphotungstic  acids,  862,  863 
Picotite,  199,  201 
Picrochromite,  199 
Pilasonite,  2 
Pilsenite,  60 

Platinic  barium  molybdate,  576 

chromatobisethylsulphide,  314 

cobaltic  hexamminocositungstate,  803 

copper  cositungstate,  803 

molybdate,  576 

dichlorotetramminochromate,  313 

dichlorotetramminodichromate,  345 

dihydroxydiamidohexamminodichro- 

mate,  345 

dihydroxysulphatohexam  minochro- 

matodichrpmate,  467 

dinitratotetramminochromate,  313 

dinitratotetramminodichromate,  345 

dinitritotetramminodichromate,  345 

hydroxyacetatotetra  mminodichro- 

mate,  345 

hydroxychlorotetramminoch  r ornate, 

314 

■ hydroxychlorotetramminodichromate, 

365 

hydroxysulphatotetramminochromate, 

314 

hydroxysulphatotetrammino  dichro- 
mate, 345,  467 

■ — - — - mercurous  cositungstate,  803 

phosphatododecatungstate,  867 

potassium  molybdate,  576 

silver  cositungstate,  803 

molybdate,  576 

sodium  cositungstate,  803 

decatungstates,  802 

heptatungstate,  803 

molybdate,  676 

triacontatungstate,  803 

sulphatotetrapyridinochromate,  314 

sulphatotetrapyridinodichromate,  345 

— — thallous  cositungstate,  803 
Platinous  tetramminochromate,  313 

tetramminodichromate,  344 

Platinum  ditelluride,  64 

mercuric  molybdates,  576 

mercurous  molybdate,  576 

molybdate,  576 

monotelluride,  64 

permonosulphomolybdate,  654 

phosphatomolybdate,  671 

sulphomolybdate,  653 

sulpho  tellurite,  114 

sulphotungstate,  859 

thallous  molybdate,  576 

Plomb  chromate,  290 

jaune,  566 

rouge,  122,  290 

Plumbic  chromate,  293 

dichromate,  342 

Plumbum  scriptorum,  484 
spatosum  flavorubrum,  566 


Potassium  aluminium  decamolybdate,  598 

chromate,  257 

chromium  sulphate,  463 

dodecamolybdate,  599 

manganous  permanganitomolyb- 

date,  573 

— permanganitomolybdate,  573 

— tellurate,  96 

antimonitotungstate,  817 

arsenatotellurate,  96 

arsenitotungstate,  817 

azide,  368 

barium'  chromate,  273 

chromidodecamolybdate,  602 

phosphatohenatungstate,  868 

trichromate,  351 

trans-bischromatotetramminocobal  ti- 

ate,  311 

bismuth  chromate,  305 

hydroxydichromate,  343 

tungstate,  795 

bismuthyl  dichromate,  343 

bromide,  368 

bromochromate,  426 

— — cadmium  chromates,  281 

dichromate,  341 

— tungsten  tetramminoenneaehlo- 

ride,  842 

- — — - calcium  chromate,  269 
dihydrate,  269 

—  monohydrate,  269 

phosphatohemipentamolybd  ate, 

669 

quinquemonochromate,  270 

hemiheptahydrate,  270 

seximonochromate,  270 

sulphatochromates,  269 

chlorochromate,  397 

chromate,  249 

— — tetrahydrate,  249 

- — — • chromatosulphate,  450 

chromic  carbonate,  473 

hydroxychromate,  210 

— — pyrophosphate,  482 

— — • chromidodecamolybdate,  601 
chromihexasulphate,  465 

ehromioxydodecamolybdates,  601 

chromipentasulphate,  465 

chromipyrophosphate,  481 

chromitetrasulphate,  464 

— — tetrahydrate,  464 

- — chromitrisulphatochromate,  465 

chromitrisulphatodichromate,  465 

— — . chromitrisulphatotrichromate,  465 
chromium  hexachloride,  419 

— — hexafluoride,  364 

oxypentachloride,  391 

— pentachloride,  418 

pentafluoride,  363 

phosphate,  482 

sulphate,  454,  83 1 

tellurate,  97 

tetrachloride,  418 

chromochromate,  210 

chromotellurate,  97 

— - — chromous  carbonate,  472 

fluoride,  362 

sulphate,  435 

cobaltic  decamolybdate,  574,  598 

dodecamolybdate,  574 
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Potassium  cobaltous  chromate,  312 
dihydrophosphatohemipent  a mo- 
lybdate, 670 

oxyquaterochromate,  312 

phosphatohemipentamolybd  ate, 

670 

copper  diamminochromate,  263 

oxyquadrichromate,  263 

oxytrischromate,  263 

phosphatohemipentamolybd  ate, 

669 

tungsten  tetramminoenneachlo- 

ride,  842 

decamolybdate,  598 

enneahydrate,  598 

pentadecahydrate,  698 

dichromate,  328 

didymium  chromate,  287 

difluotellurate,  108 

dihydrophosphatohemipe  n t a m o 1 y fa- 

date,  668 

dihydrophosphatomolybdate,  670 

— - — - dimolybdate,  581 
— — - dimolybdatotetratungstate,  796 

dimClybditomolybdate,  593 

dinitratotellurate,  119 

dioxydifluochromate,  365 

dioxydisulphomolybdate,  654 

dioxydisulphotungstate,  860 

dioxytetramolybdate,  613 

dioxytrifluomolybdate,  613 

diperchromate,  357 

dipermolybdate,  607 

diplatinic  triacontatungstate,  803 

disulphatochromiate,  454 

ditungstate,  809 

dihydrate,  809 

trihydrate,  809 

— — • ferric  chromate,  309,  310 

- — - — decatungstate,  832 

dioxyundeciesehromate,  310 

— - — dodecamolybdate,  603 

dodecatungstate,  832 

enneadecaoxybischromate,  310 

enneaoxyquaterchromate,  310 

— - — oxyseptieschromate,  310 

pentadecoxydecieschromate,  310 

pentoxydecieschromate,  310 

— - trioxynovieschromate,  310 

hexahydrate,  310 

- — decahydrate,  310 

trioxysexieschromate,  310 

tungstate,  801 

fluochromate,  365 

fluoride,  368 

gadolinium  chromates,  288 

— — hemitritelluride,  41 
— — • heptahydrododecamolybdate,  696 

heptoxyenneasulphotetramoly  bdate, 

655 

— — - hexabromotellurite,  104 
— — liexachlorotellurite,  102 

hexaiodotellurite,  106 

hexatellurite,  79 

hexatungstate,  829 

hydrodiphosphatotellurate,  120 

heptadeeahydrate,  120 

tetrahydrate,  120 

hydropermonosulphomolybdate,  670 

hydrophosphatodimolybdate,  670 


Potassium  hydropyrotellurate,  91 

hydropyro tellurite,  79 

hydrotellurate,  91 

hydrotetroxytrisulphodi molybdate, 

655 

hydroxylamine  paramolybdate,  552 

hydroxylaminopentahydromolybda  t e, 

552 

hyperditungstate,  836 

hypertungstate,  836 

hypomolybdatomolybdate,  604 

hypomolybditopentamolybdate,  593 

iodide,  368 

iodochromate,  429 

lanthanum  heptachromate,  287 

tetrachromate,  287 

lead  chromate,  304 

dioxychromate,  304 

molybdate,  569 

lithium  chromate,  257 

molybdate  ,558 

sulphatochromate,  244 

tungstate,  781 

magnesium  chromate,  276 

dihydrate,  276 

hexahydrate,  276 

disulphatochromate,  465 

molybdate,  662 

partungstate,  818 

tungstate,  788 

manganic  dodecamolybdate,  602 

molybdate,  672 

— tridecamolybdate,  602 

manganous  bischromate,  309 

paratungstate,  820 

— — permanganitomolybdate,  573 

— 1 — - — — - phosphatohemipentamolybd  ate, 
669 

mercuric  chromate,  284 

—  phosphatohenatungstate,  868 

mercurous  chromate,  282 

metachromite,  197 

metatungstate,  824 

octohydrate,  824 

pentahydrate,  824 

molybdate,  556 

— - — - tetritatrihydrate,  556 

molybdatodecatungstate,  796 

- — ■ — molybdatopentatungstate,  796 

molybdatosulphate,  658 

molybdatotetratungstate,  796 

- — - — molybdatotrisulphate,  658 

molybdatotritungstate,  596 

molybdenum  dichloride,  628 

dioxytetraehloride,  632 

dioxytrichloride,  632 

enneafluoride,  610 

hexabromide,  635 

hexachloride,  621 

dihydrate,  622 

pentabromide,  635 

• pentachloride,  622 

tetrachlorotetrabromide,  640 

tetrachlorotetraiodide,  640 

tetrafluoride,  610 

—  trioxytetradecafluoride,  611 

molybdenyl  pentabromide,  637 

— — pentachloride,  630 

— - — tetrabromide,'  638 

molybdosic  sulphate,  657 
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Potassium  molybdous  heptachloride,  619 

— • octochloride,  618 

monopermolybdate,  607 

neodymuim  chromate,  287 

nickel  chromate,  313 

dihydrate,  313 

— hexahydrate,  313 

dihydrophosphat  ohemipenta- 

molybdate,  670 

dimolybdatotetratungstate,  796 

phosphatohemipentamolybdate, 

670 

nickelous  hexadecamolybdate,  604 

— — • nitratosulphotungstate,  862 

nitritodichromate,  476 

•  nitritotrichromate,  476 

octomolybdate,  596 

octotungstate,  830 

— - — ■ orthochromite,  197 
orthosulphodimolybdate,  652 

■  oxalatotriamminochromate,  409 

oxypentaehlorotungstite,  849 

oxypentafluomolybdate,  611,  612 

oxytetrabromide,  638 

■  oxytrisulphotungstate,  860 

paramolybdate,  585 

parasulphomolybdate,  652 

•  paratungstate,  816 

- — — decahydrate,  816 

— henahydrate,  816 

tetradecahydrate,  816 

- — - — - pentafluotellurite,  98 

pentamolybdate,  593 

pentatungstate, 

pentoxydifluopermolybdate,  615 

percobaltic  enneamolybdate,  597 

- — — - perdecatungstate,  836 
— — perdichromate,  359 

perdisulphomolybdate,  654 

permanganitomolybdate,  572,  573 

permanganous  octomolybdate,  597 

permolybdate,  607 

•  permonosulphomolybdate,  653 

pernickelic  enneamolybdate,  597 

pertrimolybdate,  608 

phosphatoetotungstate,  872 

phosphatodecamolybdate,  665 

phosphatodecatungstate,  870 

phosphatodichromate,  482 

phosphatododecamolybdate,  663 

phosphatododecatungstate,  867 

hemiheptahydrate,  867 

hemitridecahydrate,  867 

phosphatoenneamolybdate,  666 

phosphatoenneatungstate,  87 1 

phosphatohemihenacositungstate,  869 

■  phosphatohemiheptadecamoly  bdate, 

667 

pliosphatohemiheptadeca  tungstate, 

872 

— - — phosphatohenamolybdate,  664 

phosphatohenatungstate,  868 

phosphatotetrachromate,  482 

phosphatotritungstate,  874 

platinic  molybdate,  576 

praseodymium  chromate,  287 

■  pyrophosphatotungstate,  874 

- — — pyrotellurite,  79 

rhodic  dodecamolybdate,  603,  604 

samarium  chromate,  287 


Potassium  silver  chromidodeeamolybdate, 
601 

sodium  chromate,  258 

manganous  permanganitomolyb- 
date, 573 

molybdate,  558 

phosphatoetotungstate,  872 

— phosphatohemipentamolybdate, 

667 

— phosphatotungstate,  873 

2 : 1 -tungstate,  782 

— — strontium  chromate,  271 
— - — sulpha  totellurite,  118 
— — sulphide,  368 
— — sulphite,  368 

sulphochromite,  432 

sulphodichromite,  432 

sulphodimolybdate,  651 

sulphodi tungstate,  859 

sulphomoly bdate,  651 

sulphotellurate,  115 

sulphotellurite,  113 

sulphotetrachromite,  432 

sulphotungstate,  859 

tellurate,  90 

— - — dihydrate,  9 1 

pentahydrate,  90 

— — ■ telluride,  40 

tellurite,  78 

trihydrate,  79 

tetradecatungstate,  832 

tetrafluodioxytungstate,  839 

tetrafluotrioxypertungstate,  840 

tetrahydrophosphatohemipentamolyb- 

date,  668 

— - — - tetrahydroxylaminotetra mo  ly  b d a te, 
592 

— — tetramolybdate,  592 
- — — tetramolybdatoditungstate,  796 

tetratellurate,  92 

tetratellurite,  79 

thallic  chromate,  286 

thallous  chromate,  286 

titanidodecamolybdate,  600 

trichromate,  350 

trifluodioxytungstate,  839 

— - — - trihydrophosphatohemipen  t a m o 1 y fa- 
date,  668 

— — trimolybdate,  589 
— - — - trimolybdatoditungstate,  796 

trimolybdatotritungstate,  796 

enneahydrate,  796 

trihydrate,  796 

trimolybdenum  dioxyheptachloride. 

632 

trioxysulphotungstate,  861 

trioxytetrafluopermolybdate,  615 

tripercliromates,  356 

trisulphatochromiate,  464 

trisulphatodichromate,  449 

trisulphomolybdate,  652 

- — — tritellurate,  92 
- — - — tritungstate,  811 
■ — — tungstate,  779 

- — — monohydrate,  780 

pentahydrate,  780 

tungsten  bronzes,  751 

— enneachloride,  841 

hydroxylpentachloride,  843,  848 

tetrafluoride,  837 


INDEX 


901 


Potassium  uranium  tungstate,  797 

uranyl  chromate,  308 

yttrium  chromate,  288 

— — zinc  chromates,  279 

— chromatodichromate,  341 

paratungstate,  819 

trioxybischromate,  279 

zirconidodecamolybdate,  001 

— — ■ zirconium  tungstates,  792 
Powellite,  488,  560,  768,  783 
Praseodymium  ammonium  tungstate,  791 

barium  tungstate,  791 

silver  tungstate,  791 

tungstate,  791 

Praseodymium  ammonium  molybdate,  587 
— — chromate,  287 

decahydrate,  287 

octohydrate,  287 

— — - molybdate,  565 
— - — - potassium  chromate,  287 
Purple  red,  283 
Pyridine  ferric  chromate,  310 

molybdenyl  pentachloride,  631 

Pyridinium  molybdenum  oxypentabroinide, 
637 

oxytetrabromide,  638 

— tetrabromotungstite,  854 

tetrachlorohydroxychromate,  391 

Pyrophosphatotungstates,  874 
Pyrotelluric  acid,  89 
Pyrotellurite,  78 
Pyrotellurous  acid,  77 
Pyrotungstic  acid,  762 


Q 

Quinidine  magnesiunl  chromate,  276 
Quinolinium  molybdenum  oxypentabro- 
mide,  637 

oxytetrabromide,  638 

tetrachlorohydroxychromate,  391 


R 

Radium  chromate,  272,  274 
Raspite,  678,  792 
Redingstonite,  125 
Reinecke’s  salt,  406 
Reinite,  678,  698 

Rhodic  ammonium  dodecamolybdate,  603, 
604 

potassium  dodecamolybdate,  603,  604 

Ricardite,  2 

Richardite,  42 

Rothes  Bleierz,  290 

Rouge  flamb6,  177 

Rubidium  arsenatotellurate,  96 

chromate,  f;58 

chromium  oromide,  425 

mon  jhydrate,  419 

—  ox  pentachloride,  391 

pentachloride,  4 1 9 

sulphate,  463 

—  tetrachloride,  419 

chromous  sulphate,  435 

dichromate,  338 

difluotcllurate,  108 

dimolybdate,  581 


Rubidium  dioxy  t rifluomolybdate,  613 

disulphatochromiate,  463 

— — henamolybdate,  598 

hexabromotellurite,  104 

hexachlorotellurite,  102 

hexaiodotellurite,  106 

hydroparamolybdate,  586 

liydropentabromide,  104 

hydrophosphatotellurate,  121 

hydrosulphatohydrotolluratc,  118 

hydrotellurato,  92 

— — magnesium  chromate,  277 

manganic  tridecamolybdate,  602 

metatungstate,  824 

: molybdate,  558 

molybdenum  dioxy  tetrachloride,  632 

dioxytrichloride,  632 

hexachloride,  622 

pentabromide,  635 

pentachloride,  622 

molybdenyl  pentabromide,  637 

pentachloride,  630 

nickel  chromate,  313 

octomolybdate,  596 

octotungstate,  830 

- — — oxypentachlorotungstitc,  849 

paramolybdate,  586 

— — paratungstate,  817 

pentabromotungstite,  854 

— — pentatungstate,  829 
- — - — - perdecamolybdate,  609 

perparamolybdate,  608 

perparatungstate,  836 

— — pertetramolybdate,  609 
— — pertetratungstate,  836 

pertrimolybdate,  609 

phosphatodecamolybdate,  665 

phosphatoenneamolybdate,  667 

phosphatohemipentamolybdate,  669 

phosphatohenamolybdate,  664 

phosphatohexitadecamolybdate,  67 1 

phosphatotetritaenneamolybdate,  670 

tellurate,  92 

tetramolybdate,  593 

hemihydrate,  593 

1 hemipentahydrate,  593 

— - — tetrahydrate,  593 

trichromate,  351 

— — tridecamolybdate,  598 

trimolybdate,  589 

— - — - hemitridecahydrate,  589 

— monohydrate,  589 

trihydrate,  589 

trioxytetrafluopermolybdato,  615 

tungsten  enneachloride,  842 

ruthenium  ditelluride,  64 
monotelluride,  65 


S 

Samarium  ammonium  molybdenum,  587 

chromate,  287 

enneahydrate,  287 

octohydrate,  287 

metatungstate,  826 

molybdate,  565 

potassium  chromate,  287 

sodium  molybdate,  565 

tungstate,  791 
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Samarium  tungstate,  791 
Scheelbleispath,  792 
Scheelerz,  674 
Scheelin  calcaire,  674 

ferrugine,  673 

Scheelite,  674,  678,  783 

Scheelitine,  792 

Seheelium,  674 

Schcelocher,  753 

Schcelspatli,  674 

Schriftellur,  1 

Schrifterz,  1,  47 

Schrifttellur,  47 

Siderchrom,  201 

Silberphyllinglanz,  114 

Silicomolybdates,  565 

Silicon  molybdates,  565 

Silicotungstates,  791 

Silver  aluminium  dioxymolybdate,  600 

• oxydodecamolybdate,  600 

— - — ■ ammonium  aluminotungstate,  789 

chromate,  267 

phosphatohemiheptatungstate, 

873 

- - - barium  metatungstate,  826 

— phosphatododecatungstate,  867 

phosphatohenatungstate,  868 

ceric  dodecamolybdate,  600 

chromate,  263 

— colloidal,  264 

chromidodecamolybdato,  601 

chromium  alloys,  171 

diamminomolybdate,  559 

dichromate,  340 

dimolybdate,  581 

dioxytellurate,  93 

fluochromate,  365 

gold  monotelluride,  49 

— — telluride,  46 

— — tellurobismuthite,  62 

hemi telluride,  45 

heptitatetratelluride,  44 

hydrotellurate,  93 

lanthanum  tungstate,  791 

manganic  dodecamolybdate,  602 

metatungstate,  825 

molybdate,  659 

molybdenum  alloys,  522 

monotelluride,  44 

nitratotellurate,  119 

ortho  tell  urate,  93 

oxyditellurate,  93 

trihydrate,  93 

paratungstate,  818 

— octocosihydrate,  818 

octohydrate,  818 

pentamolybdate,  594 

perditungstate,  835 

permolybdate,  608 

permonosulphomolybdate,  653 

— — - phosphatodecamolybdate,  665 

phosphatodecatungstate,  867,  870 

phosphatododecamolybdate,  663 

phosphatoenneatungstate,  871 

phosphatohemiheptadecamoly  b d a t e, 

667 

phosphatohemiheptatungstate,  872, 

873 

phosphatohemipentamolybdate,  669 

phosphatohcnuinolybdate,  664 


Silver  phosphatohexatungstate,  872 

platinic  cositungstate,  803 

molybdate,  576 

potassium  chromidodecamoly  b d a t e, 

601  . 

praseodymium  tungstate,  791 

pyrotellurite,  80 

subchromate,  263 

submolybdate,  559 

sub  tungstate,  782 

sulphochromite,  432 

sulphomolybdate,  652 

sulphotellurite,  113 

sulphotellurobismuthite,  62 

sulphotungstate,  859 

tellurate,  92 

dihydrate,  93 

telluride,  5 

tellurite,  79 

tetrafiuodioxytungstate,  839 

tetrahydrorthotellurate,  93 

tetramminochromate,  266 

tetramminotungstate,  783 

tetramolybdate,  593 

— • tetratellurate,  93 

tetritatelluride,  44 

thoridodecamolybdate,  601 

tungstate,  783 

— uranyl  chromate,  308 

Sodium,  78 

aluminium  dodecamolybdate,  599 

■ ammonium  chromate,  249 

— — - decatimgstate,  831 

— — • 3 : 1- decatimgstate,  831 

— — gold  pyrophosphatohemihenamo- 

lybdate,  671 

— — hexadecatungstate,  832 

— — - ■ — — manganese  pyrophosphatotung- 
state,  874 

manganese  tridecamolybdate,  602 

1 : 3-metatungstate,  824 

- — — octotungstate,  830 

— — 1 : 3-paratungstate,  816 

3 : 2-paratung8tate,  816 

4 : 1-paratungstate,  816 

heptahydrate,  816 

pentahydrate,  816 

tridecahydrate,  816 

4 : 2-pentadecatungstate,  832 

—  3 : 2-pentadecatungstate,  832 

—  phosphatohemiheptadecamol  y fa- 

date,  667 

phosphatomolybdate,  663 

pyrophosphatotungstate,  874 

arsenatotellurate,  96 

barium  paratungstate,  818 

phosphatododecatungstate,  867 

cis-bischromatocobaltiate,  311 

trans  - bischromatotetramminocobalti- 

ate,  311 

cadmium  paratungstate,  819 

calcium  paratungstate,  818 

ceric  dodecamolybdate,  600 

eeridecamolybdate,  598 

cerous  tungstate,  790 

chlorochromate,  397 

chlorotetraquodicliloride,  418 

chromate,  244 

decaliydrate,  246 

dihydrate,  244 
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Sodium  chromate  hexahydrate,  245 

— ■ — - tetrahydrate,  245 

■ — — chromatosulphate,  450 

chromic  hexamminopyrophosphate, 

482 

chromidodecamolybdate,  601 

chromipyrophosphate,  481 

octohydrate,  481 

pentahydrate,  481 

— - — chromitetrasulphate,  465 

chromium  hexachloride,  418 

— — pentafluoride,  363 

phosphate,  482 

—  pyrophosphate,  482 

— - — ■ — - — sulphate,  454 

tetrachloride,  418 

cliromotellurate,  97 

chromous  carbonate,  47 1 

decahydrate,  471 

• monohydrate,  472 

— — sulphate,  435 

cobaltous  dodecamolybdate,  603 

paramolybdate,  587 

paratungstate,  820 

—  _ — . trimolybdate,  590 

. copper  chromate,  263 

— - — dioxydichromate,  339 

—  paratungstate,  818 

decamolybdate,  598 

■  dodecahydrate,  598 

henacosihydrate,  598 

hexahydrate,  598 

•  decatungstate,  830 

■ — — dichromate,  325 

•  didymium  tungstate,  791 

difluotellurate,  109 

dihydrophosphatohemipe  n t a m o 1 y fa- 

date,  669 

dihydrorthotellurate,  89 

— — - dihydrothoridodecamolybdate,  601 

dimolybdate,  581 

— monohydrate,  581 

— — dimolybditotetramolybdate,  593 

dioxytetrafluomolybdate,  613 

— — dipernmlybdate,  607 

dipertungstate,  835 

— — - disulphatochromiate,  454 

ditelluride,  41 

ditungstate,  809 

dodecahydrate,  809 

hexahydrate,  809 

divanadatopentatellurite,  81 

divanadatotetratellurite,  81 

divanadatotritellurite,  81 

docositungstate,  832 

dodecamolybdate,  699 

erbium  tungstate,  791 

ferric  oxyquinquieschromate,  310 

fluotellurite,  98 

gadolinium  tungstate,  791 

~i — gold  amminophosphatomolybdate,  671 
— - — • hemitritelluride,  41 
heptatungstate,  830 

■  hexadecamolybdate,  603 

hexatelluride,  41 

hexatellurite,  78 

hexatungstate,  829 

hexavanadatotellurite,  81 

hydrophosphatododecatungstate,  866 

hydropyrotellurate,  90 


Sodium  hydropyrotellurite,  78 
— — — - hydrotellurate,  90 

hydrotetroxytrisulphodim  o ly  b date, 

655 

— • hydroxylamine  paramolybdate,  552 

hypomolybdatomolybdate,  604 
hypomolybditopentamolybdate,  593 

— - hypomolybditotetramolybdate,  593 

iodotellurite,  106 

— - - lanthanum  molybdates,  564 

tungstate,  790 

lead  chromate,  304 

dioxybiscliromate,  304 

paratungstate,  819 

lithium  molybdate,  556 

tungstate,  779 

1 : 3-tungstate,  779 

magnesium  chromate,  276 

trihydrate,  276 

paratungstate,  818 

manganese  pyrophosphatotungstate, 

874 

— — manganous  molybdate,  572 

paratungstate,  820 

permanganitomolybdate,  573 

pyrophosphatomolybdate,  671 

metachromite,  197 

metatungstate,  822 

trihydrate,  823 

molybdate,  553 

decahydrate,’ 554 

dihydrate,  654 

molybdatometaphosphate,  659 

— — molybdenum  alloys,  522 

hemipentoxide,  532 

tetrafluoride,  610 

■ molybdic  pyrophosphate,  671 

- — - — ■ monoperditungstate,  834 

nickelous  hexamolybdate,  594 

- — - — - octomolybdate,  595 

■ heptadecahvdrate,  595 

octotungptate,  830 

dodecahydrate,  830 

■ — - — - orthochromite,  197 
— - — ■ paramolybdate,  585 

— — icosihydrate,  585 

paratungstate,  814 

- — ■ — henicosihydrate,  816 

- — - — hexadecahydrate,  816 

octocosihydrate,  814 

pentacosihydrate,  816 

— : — pentatungstate,  828 
• — — perdichromate,  359 

perditungstate,  835 

• — — permanganic  tungstate,  797 

permolybdate,  607 

permonosulphomolybdate,  653 

phosphatodecamolybdate,  663,  665 

phosphatodecatungstate,  869 

phosphatododecatungstate,  866 

—  enneahydrate,  866 

— — phosphatododecatungstatomolybdate, 
867 

— — phosphatoenneamolybdate,  666 

phosphatoenneatungstate,  87 1 

phosphatohemiheptadecamol  y b d a t e, 

667  ' 

• phospliatohemiheptatungstate,  873 

pliosphatohenatungstate,  868 

phosphatohe^atungstate,  872 
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Sodium  phospliatotellurate,  120 

■  phosphatotritungstato,  873 

phosphatotungstate,  873 

platinic  cositungstate,  803 

decatungstates,  802 

heptatungstate,  803 

molybdate,  576 

triacontatungstate,  803 

potassium  chromate,  258 

• manganous  permanganitomolyb- 

date,  572 

molybdate,  558 

— — phosphatoctotungstate,  872 

phosphatohemipentamolybdate, 

667 

phosphatotungstate,  873 

— - 2 : 1 -tungstate,  782 

pyrophosphatododeeamolybdate,  67 1 

samarium  molybdate,  565 

tungstate,  791 

strontium  paratungstate,  818 

sulphochromite,  432 

sulphodimolybdate,  651 

sulphomolybdate,  651 

sulphotellurate,  115 

sulphotellurite,  113 

■  sulphotungstate,  858 

tellurate,  89 

- — — telluride,  40 

tellurite,  78  . 

— hemienneahydrate,  78 

pentahydrate,  78 

- — — telluritovanadate,  81 

tetrachromate,  352 

tetrafluodioxytungstate,  839 

tetrahydrorthotellurate,  89 

decahydrate,  90 

dihydrate,  89 

- — tetrahydrate,  90 

tetrahydroxylaminotetramo  1 y b d a t e, 

592 

tetramolybdate,  592  * 

hemihenahydrate,  592 

hexahydrate,  592 

octomolybdate,  592 

tetratellurate,  90 

tetratelluride,  41 

tetratellurite,  78 

tetratungstate,  822 

tetravan  ad  atodeeatellurite,  81 

- — — tetravanadatohexatellurite,  81 

dihydrate,  81 

trihydrate,  8 1 

tetravan'adatopentatellurite,  81 

tetritatritelluride,  41 

thoridodecamolybdates,  601 

thorium  tungstate,  792 

trichromate,  350 

trimolybdate,  588 

enneahydrato,  588 

hemidodecatrihydrate,  588 

henahydrate,  588 

heptahydrate,  588 

tetrahydrate,  588 

trioxysulphomolvbdate,  655 

tripercliromates,  356 

trisulphatochromiate,  464 

trisulphomolybdate,  651 

tritaditelluride,  40 

tritaheptatelluride,  40 


Sodium  tritellurite,  78 

tritungstate,  810 

tungstate,  774 

dihydrate,  774 

— — tungstatometaphosphate,  862 

tungsten  bronzes,  751 

uranium  tungstate,  797 

uranyl  chromate,  308 

ytterbium  tungstate,  791 

yttrium  tungstate,  791 

zinc  paratungstate,  819 

Speculite,  48 
Spinel,  199 

Stannic  ammonium  phosphatohenatung 
state,  868 

phosphatohexitetradecamoly  b 

date,  670 

chromate,  290 

lithium  tungstate,  792 

molybdate,  566 

permonosulphomolybdate,  653 

sulphomolybdate,  652 

sulphotellurite,  114 

- — — sulphotungstate,  859 

telluride,  56 

tungstate,  792 

Stannidodecamolybdic  acid,  601 
Stannous  chromate,  290 

— permonosulphomolybdate,  653 

sulphochromite,  433 

sulphomolybdate,  652 

sulphotellurite,  114 

sulphotungstate,  859 

telluride,  55 

tungstate,  792 

Stannum  spathosum,  673 

Stichtite,  473 

Stolzite,  678,  792 

Strontian  yellow,  271 

Strontium  ammonium  chromate,  271 

barium  chromate,  274 

bismuth,  tungstate,  795 

chlorochromate,  398 

chromate,  270 

chromatosulphate,  450 

decatungstate,  832 

dichromate,  341 

ditungstate,  8.10 

— trihydrate,  810 

■ — ; — lead  chromates,  304 

metatungstate,  825 

molybdate,  560 

octomolybdate,  596 

paramolybdate,  586 

paratungstate,  818 

perditungstate,  835 

potassium  chromate,  271 

sodium  paratungstate,  818 

sulphomolybdate,  652 

sulphotellurite,  113 

sulphotrimolybdate,  652 

sulphotungstate,  859 

— — - tellurate,  93 

telluride,  50 

— - — tellurite,  80 

trichromate,  351 

trimolybdate,  589 

tritungstate,  811 

tungstate,  786 

I Stiitzite,  2,  44 
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Sulpliatomolybdic  acid,  657 
Sulphatopentaquo-salts,  404 
Sulphochromites,  431 
Sulphomolybdates,  650 
Sulphomolybdatovanadates,  652 
Sidphotellurates,  114 
Sulpliotelluric  acid,  114 
Sulphotellurites,  113 
Sulphotellurous  acid,  110 
Sulphotrimolybdates,  654 
Sulphotungstates,  857 
Sulphovanadatomolybdates,  652 
Sulphoxytelluric  acid,  110,  111 
Sulphuryl  chromyl  chloride,  469 
Sylvane,  1 

grapliique,  1 

Sylvanite,  1,  2,  47 


T 

Talapite,  2 

Tantalum  chromium  alloys,  173 

molybdate,  570 

molybdenum  alloys,  524 

T-apalpite,  62 
Tarapacaite,  125 
Tarapacite,  249 
Tellurates,  2,  88 
Tellurgoldsilber,  49 
Tellurgoldverbindung,  46 
Telluric  acid,  83 

dihydrate,  83 

hexahydrate,  83 

tetrahydrate,  83 

Tellurides,  2,  40 
Tellurite,  2,  72 
Tellurites,  2,  77 
Telluritomolybdates,  81 
Telluritotungstates,  82 
Tellurium,  109 

analytical  reactions,  28 

atomic  disruption,  35 

number,  35 

weight,  32 

bismuth  glance,  2 

colloidal,  9 

— — disulphide,  110 

diamminodichloride,  100 

dibromide,  103 

dichloride,  99 

diiodide,  105 

dioxide,  70,  71 

dioxydihydrodichloride,  109 

dioxytrihydrotribromide,  109 

dioxytrihydrotrichloride,  109 

disulphide,  110 

electronic  structure,  35 

extraction,  4 

halides,  98 

heptoxydisulphodibromide,  118 

hexafluoride,  98 

hcxaiodide,  105 

hexamminosulphate,  118 

bexamminotetrabromide,  104 

hexamminotetrachloride,  101 

hexoxydisulphotetrachloride,  118 

hexoxyoctofluoride,  108 

history,  1 

hydropentacliloride,  101 


Tellurium  liydropentaiodide,  1 06 

isotopes,  35 

monosulphide,  110 

monoxide,  70 

nitrates,  119 

occurrence,  1 

oxychlorides,  109 

oxydibromide,  109 

oxydichloride,  109 

oxydifluoride,  108 

— — oxyhalides,  108 

oxyiodides,  109 

periodide,  105 

phosphates,  120 

phosphide,  58 

phosphotridecachloride,  101 

■ — - — physiological  action,  29 

properties,  chemical,  25 

physical,  1 1 

sulphides,  1 10 

sulphotrioxide,  114,  115,  116 

selenotrioxides,  114 

tetrabromide,  103 

tetrachloride,  100 

tetrafluoride,  98 

tetrahydrate,  98 

tetraiodide,  105 

tetramminotetraeldoride,  101 

triamminotetrachloride,  101 

trioxide,  83 

trioxysulphotetrachloride,  118 

trisulphide,  110 

tritaheptoxide,  88 

tritatetranitride,  58 

uses,  30 

valency,  32 

Telluromolybdate,  63 
Telluronium  salts,  32 
Tellurosic  oxide,  88 
Tellurothionates,  97 
Tellurothiosulphuric  acid,  118 
Tellurotungstate,  63 
Tellurous  acid,  72 
Tellursilber,  44,  49 
Tellursilberblende,  44 
Tellursilberglanz,  44 
Telluryl  bromide,  109 

dichloride,  109 

difluoride,  108 

oxyhydroxynitrate,  119 

; oxysulphate,  117 

tellurite,  88 

Terbium  chromate,  288 
Tetrachlorochromio  acid,  386 
Tetrachromates,  351 
Tetradymite,  2,  4,  60 

Tetraethylammonium  dimolybdate,  581 

tetrabromoaquotungstite,  854 

Tetrabydrododecamolybdates,  582 
Tetrahydrododecatungstates,  773 
Tetrahydrohexamolybdates,  582 
Tetrahydrohexatungstates,  773 
Tetramethylammonium  fluoehromate,  365 

monoperchromate,  358 

Tetramolybdates,  582,  591 
Totraquodiammines,  402 
Tetraquodipyridines,  402 
Tetratellurous  acid,  77 
Tetrathiocyanatodiamminesr406 
Tetrathiocyanato’dipyridincs,  407 
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Tetrathiocyanatoethylenediamine,  407 
Tetratungstates,  821 
Thallic  chromate,  286 

— tungstate,  789 

Thallium  chromium  sulphate,  464 
— - — ■ disulphatochromiate,  464 

hemitelluride,  54 

molybdenum  alloys,  523 

— — monotelluride,  54 

pentitatritelluride,  54 

perdisulphomolybdate,  654 

sulphovanadatomolybdate,  652 

tritaditelluride,  54 

Thallous  chlorochromate,  399 

chromate,  285 

chromium  enneafluoride,  364 

hexachloride,  419 

- — - — • dichromate,  342 

dioxytetrafluomolybdate,  614 

dioxytrifluomolybdate,  612 

■ — - — fluochromate,  365 

heptafluotetroxyditungstate,  840 

hydrochromate,  285 

— - — metatungstate,  826 
molybdate,  563 

— - — - molybdenum  oxypentafluomolybdate, 

611 

■ — — ■ paramolybdate,  587 

paratungstate,  819 

permolybdate,  608 

■  phosphatodecamolybdate,  665 

phosphatohexatungstate,  873 

platinic  cositungstate,  803 

— — • platinum  molybdate,  576 

— potassium  chromate,  286 

tellurate,  96 

tetrafluodioxytungstate,  840 

■ — — - trichromate,  351 

trifluodioxy tungstate,  840 

tungstate,  789 

— — - tungsten  enneachloride,  842 
Thiocyanatopentammines,  404 
Thoridodecamolybdates,  601 
Thorium  chromate,  289 

monohydrate,  289 

octohydrate,  289 

trihydrate,  289 

chromatobischromate,  290 

dihydroxychromate,  289 

molybdate,  565 

- — - — - sodium  tungstate,  792 
— — - tellurate,  96 

tellurite,  81 

tungstate,  792 

— — - tungsten  bronzes,  752 
Thorotungstite,  753 
Tin  chromium  alloys,  172 

ditelluride,  56 

■ — - — - molybdenum  alloys,  523 

■  monotelluride,  55 

Titanidodecamolybdates,  600 
Titanidodecamolybdic  acid,  600 
Titanium  ammonium  chromate,  288 
molybdate,  565 

■ — - — molybdenum-tungsten  alloys,  744 

pentoxychromate,  288 

telluride,  55 

tetroxychromate,  288 

trioxychromate,  288 

tungstates,  791 


Triamminodichloroaquo-salts,  416 
Triaquotriammines,  402 
Triaquotribromides,  406 
Trichloroaquodipyridine,  406 
Trichlorotriammine,  406 
Trichlorotriaquotrichlorides,  406 
Trichlorotripyridine,  406 
Trichlorotrithiourea,  406 

hemihydrate,  406 

Trichromates,  349 
Trihydroxyaquodiammines,  406 

tetrahydrate,  406 

Trihydroxyaquodipyridines,  406 

hexahydrate,  406 

Trihydroxyaquohexammines,  408,  409 
Trimetatelluric  acid,  88 
Trimethylammonium  molybdenyl  tetra- 
chloride, 631 
Trimolybdates,  580,  582 
Trimolybdenum  caesium  dioxyheptachlo- 
ride,  632 

— — - potassium  dioxyheptachloride,  632 
Trioxalato-salts,  402 
Triperchromates,  356 
Triperchromic  acid,  361 
T risethylalcoholtrichloride,  406 
Trisethylenediamines,  401 
Trispropylenediamines,  401 
Trithiocyanatoaquodiammines,  406 
Trithiocyanatotriammine,  406 
Tritungstates,  773,  809 
Tungstates,  higher,  828 

normal,  773 

Tungsten,  673,  674 

— - — ■ alkali-alkaline  earth-bronzes,  751 

alloys,  741 

aluminium  alloys,  742 

amalgam,  742 

ammonium  cadmium  tetrammino- 

enneachloride,  842 

copper  tetramminoen  n e a c h 1 o- 

ride,  842 

tetrafluoride,  837 

analytical  reactions,  734 

antimony  alloys,  743 

atomic  disruption,  740 

number,  739 

— structure,  739 

weight,  738 

beryllium  alloys,  741 

— — bismuth  alloys,  743 

bromides,  853 

bronzes,  750 

caesium  enneachloride,  842 

calcium  alloys,  742 

carbonate,  861 

carbonates,  861 

— — • chlorides,  840 
— — chromates,  307 

chromium  alloys,  743 

■ hexamminoenneachloride,  842 

cobalt  hexamminoenneachloride,  842 

colloidal,  696 

copper  alloys,  741 

dibromide,  853 

dichloride,  840 

dichromate,  343 

diiodide,  855 

dioxide,  747 

dihydrate,  748 
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Tungsten  dioxydibromide,  855 

dioxydichloride,  851 

— dioxy difluoride,  838 

— — dioxydisulphotungstates,  860 

disulphide,  856 

ditelluride,  63 

ductile,  695 

extraction,  682 

- — - — fluorides,  837 

gold  alloys,  741 

hemiamminoxytetrafluoride,  838 

hemipentoxide,  747 

■ hemitrimolybdide,  743 

hemitrioxide,  .745 

hexabromide,  854 

hexachloride,  844 

■  hexachloroenneasulphide,  859 

hexafluoride, 

hexaiodide,  855 

— • — intermetallic  compounds,  741 
— - — iodides,  855 

isobutylalcosol,  696 

isotopes,  739 

— — lead  alloys,  743 

lithium  bronzes,  751 

— - — magnesium  alloys,  742 

mercury  alloys,  742 

— — molybdates,  57 1 

molybdenum  alloys,  743 

titanium  alloys,  744 

molybdide,  743 

monoxide,  745 

nitrates,  861 

nitrogen  tetrachlorotetrasulphide,  843 

nomenclature,  842 

occurrence,  675 

ochre,  678 

octoehloroheptasulphide,  860 

oxide,  753 

— — oxides,  intermediate,  745 

lower,  745 

oxybromides,  853 

■  oxychlorides,  848 

oxyfluorides,  837 

oxyiodides,  855 

oxysulphides,  860 

oxytetrabromide,  854 

oxytetrachloride,  849 

oxytetrafluoride,  837 

oxytrichloride,  848 

oxytrisulphotungstates,  860 

pentabromide,  853 

pentachloride,  843 

pentitaenneaoxide,  745 

pentitaoctoxide,  746 

pentitatetradecoxide,  746 

phosphates,  862 

phosphoenneachloride,  844 

potassimidamide,  854 

potassium  bronzes,  751 

cadmium  tetramminoenneachlo- 

ride,  842 

copper  tetramminoenneachloride, 

842 

— — enneachloride,  841 

hydroxylpentachloride,  848 

hydroxypentachloride,  843 

— ■ — - tetrafluoride,  837 

preparation,  689 

properties,  chemical,  729 


Tungsten  properties,  physical,  699 

• — ■ rubidium  enneachloride,  842 

* — — - silver  alloys,  741 

sodium  bronzes,  751 

— 1 — - sulphate,  861 

sulphates,  860 

r sulphatotrioxide,  861 

■ — - — - sulphides,  856 
— - — ■ tantalum  alloys,  744 
■ — — - tetrachloride,  843 

tetrahydroxide,  748 

tetraiodide,  856 

— — - tetritahenoxide,  746 
- — ■ — - tetritatrioxide,  745 
— — - thallous  enneachloride.  842 

thorium  alloys,  743 

■ — — bronzes,  752 

tin  alloys,  743 

— — trichloride,  841 

trichloroenneabromide,  854 

trichlorotribromide,  854 

trifluoride,  837 

trioxide,  753 

dihydrate,  762 

— — hemihydrate,  762 

hydrates,  762 

— r monohydrate,  762 

trioxyphosphopentachloride,  758 

trioxysulphotungstates,  860 

■ — — trisulphide,  857 

- — colloidal,  858 

tritaoctoxide,  746 

- — — tungstates,  796 

unicrystals,  696 

uses,  735 

valency,  738 

zinc  alloys,  742 

Tungsten^,  676 
Tungstenite,  678,  856 
Tungstic  acid,  762 

colloidal,  765 

- — — yellow,  762 

chromite,  201 

ochre,  753 

Tungstite,  678,  753 
Tungstous  chloride,  840 


U 

Ultramarine  yellow,  273 
Uranium  ammonium  tungstate,  797 

chromite,  201 

dichromate,  343 

molybdate,  571 

trihydrate,  571 

potassium  tungstate,  797 

sodium  tungstate,  797 

tritungstate,  811 

tungstate,  797 

dihydrate,  797 

Uranous  molybdate,  57 1 
Uranyl  ammonium 

— t — chromate,  308 

hexahydrate,  308 

— - — ■ trihydrate,  308 

bismuth  chromate,  308 

chromate,  307 

— henahydrate,  307 

trihydrate,  307 
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Uranyl  lead  chromate,  308 

mercurous  chromate,  308 

molybdate,  571 

— — nitrate,  831 

•  octomolybdate,  597 

oxybischromate,  307 

oxychromate,  308 

paramolybdate,  587 

pormonosulphomolybdate,  653 

potassium  chromate,  308 

silver  chromate,  3.08 

sodium  chromate,  308 

sulphomolybdate,  652 

•  1 tellurate,  97 

tellurite,  82 

tritungstate,  812 

■ tungstate,  797 


V 

Vanadatotungstates,  795 
Vanadium  chromates,  306 
— — - molybdate,  570 

molybdenum  alloys,  524 

phospliatomolybdates,  663 

Vanadyl  sulphotimgstate,  859 
Vauquelinite,  125 
Vesbium,  489 
Violet  hexahydrate,  422 
Vondiestite,  2,  62 


W 


I Ytterbium  tungstate,  791 
Yttrium  chromate,  288 

molybdate,  565 

paratungstate,  819 

potassium  chromate,  288 

sodium  tungstate,  791 

sulphomolybdate,  652 

sulphotimgstate,  859 

tellurate,  96 

tellurite,  81 


Z 

Zinc  aluminotungstate,  789 

amminochromate,  277 

monohydrate,  277 

ammonium  chromate,  279 

diamminobischromate,  280 

paramolybdate,  586 

—  paratungstate,  819 

triamminosexichromate,  280 

— — chlorochromate,  399 

— chromate,  277 

monohydrate,  277 

chrome,  278 

— - — chromite,  200 

chromium  alloys,  171 

pentafluoride,  364 

chromous  sulphate,  435 

—  decarnminochromate,  278 

diamminomolybdate,  562 

dichromate,  341 

— — dioxychromate,  279 

dioxytetrafluomolybdate,  614 

ditungstate,  810 

- — — docositungstate,  833 

dodecatungstate,  832 

hypomolybdate,  529 

lead  chromate,  304 

metatungstate,  826 

octohydrate,  826 

molybdate,  562 

monohydrate,  562 

molybdenum  alloys,  523 

oxypentafluomolybdate,  611 

octomolybdate,  597 

oxybischromate,  279 

oxychromate,  279 

— — hemi trihydrate,  279 

— monohydrate,  279 

oxydecachromite,  200 

oxydichromite,  200 

- — — oxytetrachromite,  200 

oxytrisulphotungstate,  860 

paramolybdate,  686 

paratungstate,  819 

pentatungstate,  829 

— — pentoxyhexachromite,  200 

perdichromate,  359 

pormonosulphomolybdate,  653 

phosphatohexatungstate,  873 

potassium  chromate,  277 

r — ■ chromatodichromate,  34 1 

paratungstate,  819 

trioxybischromate,  279 

sodium  paratungstate,  819 

sulphate,  831 

sulphomolybdate,  05jl 

sulphotellurite,  113 


Wasserbleiocker,  535 
Water,  368 
Wehrlite,  2,  60 
Weissgolderz,  1 

prismatische,  1 

Weissite,  40,  43 
White  tellurium,  2 
Wolf,  673 
Wolfart,  673 
Wolferam,  673 
Wolffert,  673 
Wolfish,  673 
Wolfort,  673 
Wolfram,  673,  674,  798 

blue,  745 

Wolframine,  753 
Wolframinum,  742 
Wolframite,  678,  798 
Wolframium,  674 
Wolframocker,  753 
Wolfrig,  673 
Woolfram,  673 
Wulfenite,  488,  566 


Y 

Yellow  ultramarine,  278 
Ytterbium  chromate,  288 

metatungstate,  826 

oxymolybdate,  565 

oxy tungstate,  791 

paramolybdate,  587 

paratungstate,  8 1 9 

sodium  tungstate,  791 
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Zinc  sulphotungstate,  857 

tellurate,  94 

telluride,  50 

tellurite,  80 

tetrafluodioxytungstate,  839 

tetramminochromate,  278 

— pentahydrate,  278 

trihydrate,  278 

tetramminotungstate,  788 

dihydrate,  788 

- — — tetramolybdate,  593 

thoridodecamolybdate,  601 

trichromate,  351 

trimolybdate,  590 

trioxychromate,  279 

pentahydrate,  279 

trihydrate,  279 

tri tungstate,  811 

tungstate,  788 


Zinc  tungstate  hydrate,  788 

yellow,  278 

Zinkgelb,  278 

Zirconidodecamolybdates,  601 
Zirconium  ammonium  tungstate,  791 

chromate,  288 

decahydroxychromate,  289 

— hexacosioxypentachromate,  289 

hSxahydroxychromate,  289 

molybdate,  565 

octohydroxychromate,  289 

oxychloride,  831 

oxychloromolybdate,  565 

potassium  tungstate,  792 

tellurate,  96 

tellurite  81 

tungstate,  791 

Zirconyl  tetrahydroxychromate,  288 
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